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RANDOMIZED TRIAL

Efficacy of Epidural Perineural Injection of
Autologous Conditioned Serum in Unilateral
Cervical Radiculopathy
A Pilot Study
Vijay G. Goni, MS, MNAMS,* Sampat Singh Jhala, MS,* Nirmal Raj Gopinathan, MS, MAMS,*
Prateek Behera, MS, DNB, MNAMS,* Y. K. Batra, MD, FAMS,† Arjun R. H. H., MS,* Uday Guled, MS,* and
Harsha Vardhan, MS*

Study Design. Prospective randomized pilot study.
Objective. Evaluation of the efficacy of epidural perineural injection
of autologous conditioned serum (ACS) versus methylprednisone
(MPS) in unilateral cervical radiculopathy patients.
Summary of Background Data. Cervical radiculopathy is often
treated by nonoperative and operative means. Guided injections of
steroids have been used previously. We used ACS, an orthobiologic
derived from patients’ own blood in patients of unilateral cervical
radiculopathy.
Methods. Forty patients were equally allocated into ACS and
MPS groups and were injected with 2.5 to 3 mL of ACS or MPS,
respectively, under image guidance into the perineural area of the
affected nerve root. They were followed up for 6 months with visual
analogue scale for pain, neck pain disability scale in Hindi language,
neck disability index, and Short Form of Health Survey-12 (SF-12).
Results. Patients who had received injections of ACS and MPS
both had improvements in the scores of the evaluation tools. The
improvement in the ACS patients was gradual and sustained during
the entire study period whereas that in the MPS group had some
deterioration over time. No major complications were noted among
the 2 groups. Minor complications were noted in both the groups.
Conclusion. ACS can be considered an equally good or better
modality of nonoperative management in patients of unilateral
cervical radiculopathy as MPS. The safety profile is good and the
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improvement seen is sustained over time. Thus, it may be offered to
affected patients before offering them surgery.
Key words: epidural injection, cervical radiculopathy, autologous
conditioned serum, methylprednisolone.
Level of Evidence: 2
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C

ervical radiculopathy is a common complaint of middle to old age patients visiting the orthopedic outpatient clinics. Cervical spondylosis from degenerative
changes in the spine is responsible for such pains in around
68% of patients, whereas disc-related pathologies account for
21% of cases.1,2
A nerve root may be compressed mechanically by a herniated disc or by osteophytes. Biochemical “sensitizers” make
nerve roots susceptible to the mechanical effect of the herniated mass. Interleukin-1 (IL-1) and prostaglandins are 2 commonly seen biochemical sensitizers considered to be involved
in producing radiculopathy. The presence of disc material in
the epidural space results first in direct toxic injury to the nerve
root by chemical mediation and amplifies the intra- and extraneural swelling which may result in venous congestion and
conduction block.3–5 Depending on the nerve root involved,
the signs and symptoms vary. Cervical radiculopathy can be
managed by both surgical and nonsurgical means. Oral analgesics, oral steroids, cervical traction, neck immobilization,
physical therapy, behavior modification, and various combinations of these can be offered to a patient.2,6–9 Although
many patients get symptomatic relief by any one or a combination, few may not get any relief from pain. These patients
may be offered epidural injection of corticosteroids.10–14 Some
patients may still not have improvement in their symptoms
and these may be then considered for operative management.
Autologous conditioned serum (ACS) is an orthobiologic
derived by processing patient’s own blood and it uses the antiinflammatory properties of the biomolecules found in blood.
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The IL-1 receptor antagonist (IL-1Ra), a naturally occurring
inhibitor of IL-1, is produced by macrophages and certain
additional types of cells. It binds to the type I IL-1 receptor
without initiating signal transduction, thereby blocking the
biologic actions of IL-1. As IL-1 is thought to be involved in
producing the symptoms of radiculopathy, the blockade of
its action is expected to produce relief of symptoms.14 A high
concentration of IL-1Ra can be obtained by incubation of
blood with glass beads to obtain the ACS.14,15 Clinically ACS
has been used in orthopedic conditions like osteoarthritis of
the knee,15,16 muscle regenerative treatment,17 lumbar radiculopathy18,19 with encouraging results.
We conceived, conceptualized, and conducted this pilot
study to evaluate the efficacy of ACS in patients of unilateral
cervical radiculopathy who failed the conservative nonoperative, noninjection modalities of treatment, who were being
considered for an epidural steroid injection.

MATERIALS AND METHODS
This study was conducted in collaboration with departments
of anesthesiology and experimental medicine of our institute
over a period of 1 year. After obtaining clearance from the
institutional ethical committee, patients were enrolled from
the outpatient clinic based on predefined inclusion and exclusion criteria. Patients with age between 30 and 60 years having
neck pain with radiation to 1 upper limb of at least 6 weeks
duration and a visual analogue scale (VAS) pain score of more
than 7 on a scale of 10 were considered for the study. Nerve
root tension signs like Spurling’s test needed to be present along
with a radiological confirmation on plain radiograph and
noncontrast magnetic resonance imaging (MRI) of the neck
(Figure 1). Patients with systemic illnesses, trauma to neck,
those on systemic or local corticosteroids, on anti-coagulants,
and with cervical myelopathy were excluded. Also excluded

were patients in whom MRI showed significant canal stenosis
and in whom early surgical intervention was considered beneficial. Of the eligible patients, the ones who provided their due
consent for being included in the study were included. We randomly allocated them into 2 groups—ACS (study) and methylprednisone (MPS) (control) groups by the envelope method
of randomization. The ACS group patients were injected with
ACS and the MPS group with MPS.

ACS Preparation
Preparation of ACS was with help of the department of experimental medicine. Preparation was done in a sterile environment by technique described by Meijer et al.14 Fifty milliliters
of blood was drawn from ante-cubital vein of the patients in
the ACS group into a blood bag covered by a plastic wrapper and transferred to an autoclaved centrifuge tube without
anticoagulants. Blood was incubated in the centrifuge tube
containing 200 medical grade glass beads, each measuring 2.5
mm in diameter and with surface area of 21 mm2 (Figure 2).
The beads were prewashed with sterile, double distilled water
until the conductivity reduced to less than 0.3 ms. Surface of
the beads were modified by incubation in 50% v/v chromium
sulfate (CrSO4) for 5 minutes. The beads were washed till the
pH became identical to distilled water. Incubation was done
aseptically at 37°C with 5% CO2 for 24 hours. After incubation the tubes were centrifuged at 3500 rpm for 10 minutes to
retrieve the ACS (Figure 2).
In patients of the MPS group, 10 mL of blood was drawn
into blood bag covered with an opaque wrapper similar to the
ACS group to keep the patients blinded.

Injection Technique
All the injections were performed by the senior most anesthesiologist of the institute, who regularly practices image-guided

Figure 1. Saggital noncontrast MRI of the cervical
spine showing prolapsed discs at cervical 5 to 6 and
6 to 7 levels in a patient with symptoms of upper
limb radiculopathy. MRI indicates magnetic resonance imaging.
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Figure 3. Image intensifier image showing the localization of the foramen with a long spinal needle.

Follow-up
Figure 2. Tube containing patient’s blood along with beads is shown on
left and a tube with prepared ACS is shown on the right. ACS indicates
autologous conditioned serum.

cervical epidural injections. All injections were performed in
the operating room by sterile technique. Each patient was
given a 3-mg intravenous bolus of midazolam to decrease the
procedure-related anxiety. Patients were supine on a horizontal operating table with the neck slightly extended and the
head rotated away from the side to be injected to provide
easier access. Fluoroscopic imaging was used in anterior-posterior, lateral and oblique views to obtain a correct oblique
view of the target foramen. Skin was prepared in sterile way
and infiltrated with 2 mL of 2% lidocaine. Through puncture point overlying the posterior half of the target foramen,
a needle was passed into the neck. When the needle reached
the superior articular process, the needle was readjusted to
enter the foramen tangential to its posterior wall, opposite
the equator of the foramen. Using an antero-posterior view,
the tip of the needle was adjusted to lie opposite the sagittal
midline (Figure 3). Under real-time fluoroscopy, in the anteroposterior view 1.0 mL or less of Iohexol-180 (OMNIPAQUE
TM, GE Healthcare) was injected (Figure 4). The solution
should outline the proximal end of the exiting nerve root and
spread centrally toward the epidural space. Once this target
was achieved, 2 to 3 mL of ACS was injected in patients of
study group and similar volume of MPS was injected in the
control group.

Patients in both groups were followed up with VAS for pain,
neck pain disability scale (NPDS) in Hindi language,20 neck
disability index (NDI),21 and Short Form of Health Survey-12
(SF-12).22 SF-12 was used to evaluate for the general health
condition of the patients. The scoring for the PCS-12 (Physical Health Component Score-12) and MCS-12 (Mental
Health Component Score-12) of the SF-12 Health Survey was
performed using the SAS scoring program from the Medical
Outcomes Trust. Both the PCS-12 and MCS-12 scales were
transformed into T-scores, normalized for the general U.S.
population. The score for an individual or mean score for a
group of patients was thus reported relative to a mean of 50.0
and a standard deviation of 10.0 in the general U.S. population. Consequently, the SF-12 scores for the Indian population presented in this study are relative to the general U.S.
population.

Postinjection Advice
All the patients were kept under observation for 30 minutes
and their vitals were monitored. Patients were allowed acetaminophen (650 mg) tablets on an as needed basis.
They were advised to report to the emergency room in case
of any discomfort or abnormality.
Spine

Figure 4. Image intensifier image after injection of IOHEXOL showing
that the dye is tracking along the nerve roots.
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Patients were evaluated by above-mentioned scores at 3
weeks, 3 months, and 6 months.
Statistical analysis was performed using SPSS 20.0 (IBM)
by 1 of the investigators (PB) in assistance of a qualified
statistician.

RESULTS
A total of 40 patients were enrolled for the study, 20 in each
group (ACS and MPS). They were randomly allocated to
the 2 groups. The mean age of patients of ACS and MPS
groups was 42.25 and 46.80 years, respectively. There were
12 male and 8 female patients in the ACS group, whereas
MPS group had 11 males and 9 females. The most common
location of cervical root involvement was at C5–C6 level in
both the groups. Fourteen patients of ACS group and 15 in
MPS had root involvement at C5–C6 level. C4–C5 level was
involved in 2 patients and C6–C7 level involvement was in
3 patients in each of the 2 groups. C3–C4 involvement was
seen in 1 patient of ACS group, whereas none of the MPS
patient had involvement at this level. The mean duration of
cervical pain of ACS and MPS groups were 13.80 and 14.05
months, respectively. The mean preinjection physical component summary scale (PCS) scores of the ACS and MPS of
groups were 27.35 and 28.2,1 respectively, whereas the mental component summary scale (MCS) scores were 36.22 and
36.52, respectively.
The mean preinjection VAS for pain of ACS and MPS
groups were 7.10 and 6.90, respectively. The mean preinjection NPDS score of ACS and MPS groups was 70.70 and
70.05, respectively. The mean preinjection NDI of groups
ACS and MPS were 62.3 and 64.40, respectively.
The mean VAS for pain showed a gradual, progressive,
and sustained improvement over the base line scores in the
ACS group during the period of entire follow-up. There was
a 73.24% improvement over the mean baseline score in the
VAS among the ACS patients at the end of 6 months. In contrast, the MPS group patients showed a 58.54% improvement
at the end of 6 months. Notably, the patients of MPS group

Figure 5. Line diagram summarizing the trend of improvement in VAS
between the 2 groups at the 3 follow-ups. VAS indicates visual analogue scale.

had greater improvement than the ACS group in VAS at the
first follow-up at 3 weeks. These are shown in the Figure 5.
Hindi version of NPDS was used with all the questions
framed in Hindi. There was a gradual, sustained, and progressive decrease in the NPDS scores in the ACS group from
the preinjection values to that of the third follow-up at 6
months. At 6 months postinjection, 73.76% improvement in
the NPDS score was seen in the ACS group. Patients of the
MPS group also had a decrease in NPDS score during the
period of follow-up. There was 55.60% improvement in the
NPDS score at 6 months postinjection. Figure 6A summarizes
the trend of NPDS in both the groups.
Similar to the VAS and the NPDS, the NDI in ACS patients
had a gradual and sustained decrease during the entire period

Figure 6. (A and B) Line diagrams showing the trend of decrease in NPDS and NDI between the 2 groups at the 3 follow-ups. NPDS indicates
neck pain disability scale; NDI, neck disability index.
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TABLE 1. Table Summarizing the Mean Scores Visual Analogue Score for Pain (VAS), Neck Pain

Disability Scale (NPDS), and Neck Disability Index (NDI) of the 2 Groups—Autologous
Conditioned Serum (ACS) and Methylprednisolone (MPS) at the 3 Follow-ups
VAS-ACS

VAS-MPS

NPDS-ACS

NPDS-MPS

NDI-ACS

NDI-MPS

Preinjection

7.10

6.90

70.70

70.05

62.30

64.40

1st Follow-up

3.50

2.20

34.05

23.85

35.00

19.30

2nd Follow-up

2.40

2.55

24.70

27.95

20.00

25.10

3rd Follow-up

1.90

2.75

18.55

31.10

15.90

30.40

of follow-up of the patients. There was a decrease in the NDI
in the MPS group also but the percent decrease in NDI in
ACS group was 74.47% compared with 52.80% in the MPS
group. The MPS group had a greater initial decrease in the
NDI than the ACS group. These findings are shown in the
Figure 6B. The mean VAS, NPDS, and NDI scores of the 2
groups at the 3 follow-ups are summarized in the Table 1.
There was a gradual and sustained improvement in the PCS
score of the ACS group of patients during the duration of follow-up. The mean score increased from 27.35 (preinjection)
to 49.08 at the end of 6 months. This increase was 79.45%.
The MPS group showed a 57.32% increase in the scores during the same duration of follow-up. In the ACS group, MCS
improved by 30.09% at 6 months of follow-up, although it
improved by 16.16% in the MPS group. These findings have
been summarized in Figure 7A, B. The mean PCS and MCS
scores of the 2 groups have been summarized in the Table 2.
On analyzing the overall trend of the various scores used
for outcome analysis, one can note that there is a tendency of
improvement with both ACS and MPs injections. Although
the trend of improvement in ACS group is progressive, sustained, and continued during the entire duration of follow-up
of 6 months, the MPS group had an initial greater degree of
improvement but at the end of 6 months the scores started to

deteriorate somewhat. This indicates that the improvements
were ill sustained.
A few complications were seen in the patients of both the
groups. In the ACS group, there were a total of 6 immediate
complications (onset <30 min after injection) and 2 delayed
complications in the form of neck stiffness. The immediate complications included syncope (n = 1), dizziness (n =
2), sweating (n = 2), and tachycardia (n = 1). All of these
improved when the patient was made to lie down supine for
30 minutes. In the MPS group, there were total of 9 immediate complications and 2 delayed complications. Immediate
complications were syncope (n = 2), dizziness (n = 3), sweating (n = 3), and tachycardia (n = 1). Late complications were
neck stiffness. Importantly, none of the complications were
serious or life threatening.

DISCUSSION
Cervical radiculopathy affects commonly patients in the age
group of 35 to 60 years1 and is a cause of decreased efficiency
and working capabilities of an individual. Although the exact
mechanism of onset in every case may not be known, the role
of proinflammatory molecules like ILs and prostaglandins
is definitely there.3 Moreover, mechanical compression of
nerve roots is also considered responsible for the condition.

Figure 7. (A and B) Line diagram showing the trend of change in PCS and MCS between the 2 groups at the 3 follow-ups.
Spine
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TABLE 2. Table Summarizing the Mean Scores of Mental Health Component Score (MCS) and

Physical Health Component Score (PCS) of the 2 Groups—Autologous Conditioned Serum
(ACS) and Methylprednisolone (MPS) at the 3 Follow-ups
PCS-ACS

PCS-MPS

MCS-ACS

MCS-MPS

Preinjection

27.35

28.22

36.22

36.53

1st Follow-up

39.47

48.70

43.09

45.76

2nd Follow-up

46.60

45.90

45.17

43.16

3rd Follow-up

49.08

44.39

47.12

42.42

Treatment strategies used are primarily aimed at decreasing
the effects of these proinflammatory molecules and to decrease
the mechanical compression in selected cases. Although the
use of pharmaceutical agents aimed at decreasing the effect of
the proinflammatory molecules is often the first line of management, few patients tend to require a surgical management.
Local injections of corticosteroids at the local site (near the
nerve root) are a commonly practiced method of addressing
cervical radiculopathy.
Orthobiologics like ACS, platelet-rich plasma23 are aimed
at utilizing the biological actions of biomolecules found in
the human body. The IL-1 receptor antagonist (IL-1Ra),14
fibroblast growth factor-2, hepatocyte growth factor, and
transforming growth factor-β1 possess anti-inflammatory
properties and have been shown to be effective in many other
conditions.14–19
In this present pilot study we tried to evaluate the efficacy
and safety profile of guided injections of ACS in comparison
with MPS in patients of cervical radiculopathy. Blinding of
the patients and the investigators was done by entrusting each
component of the study to a different investigator. Patients
were randomly allocated into 2 groups and we found that
both were comparable in terms of their baseline characteristics. After the guided injections of either ACS or MPS, the
follow-up done at regular interval showed an improvement in
the pain, neck disability, and quality of life scores. Although
both the groups showed statistically significant improvements in the scores starting from the first follow-up visit, the
improvement in the scores in the ACS group was gradual and
sustained till the last follow-up visit at 6 months. Patients of
the MPS group also showed significant improvement in their
scores but there was some deterioration of the scores at the
end of 6 months of follow-up. As regards the complications,
the 2 groups had similar complications. Both were minor and
the patients improved rapidly. The procedures could be thus
considered safe. We believe that the improvement in our study
may be because ACS may act at different levels and are not
only by stimulating the disc matrix anabolism or slowing the
catabolic processes. ACS may also influence the overall vertebral disc homeostasis and modulate the cytokine level, thus
leading to a sustained improvement in the clinical outcome.
Further studies are needed to confirm the results obtained and
to better understand the mechanism of the action so as to
evaluate if there is only a long-term improvement or if ACS
E920

may also play a more important role through disease modifying properties in cervical radiculopathy.
Ours is the first study that aims at evaluating the effect
of ACS on cervical radiculopathy. Although previous studies have evaluated the role of MPS injections, none of them
has evaluated the role of ACS. In a previous study, Becker
et al18 reported the use of ACS for lumbar radiculopathy with
good results, thus supporting the notion that ACS is effective
in raduculopathies.
Like any other study, our study has few limitations. Small
sample size, lack of follow-up MRI, relatively short follow-up
duration (6 months), single center study, and nonstandardization of the dose of ACS may be considered as some important
short comings of this study.
In conclusion, we can consider ACS to be good alternative to MPS in cervical radiculopathy patients. These injections can be offered to patients before contemplating surgery
in them.

➢ Key Points
 ACS is source of IL-1 receptor antagonist.
 ACS produces sustained improvement in symptoms in patients of cervical radiculopathy.
 The improvement in symptoms produced by
image guided injection of ACS is sustained and
of longer duration than produced by similarly
administered injection of methyl prednisolone.
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