
Background: Radiopaque gelified ethanol (RGE; DiscoGel®, Gelscom SAS, France) is used as 
a chemonucleolysis substance in treating intradiscal herniation, showing good results without 
complications. It has also been used in cervical disc herniations (CDHs), demonstrating the potential 
efficacy of this substance. 

Objective: The aim of the study is to investigate the long-term effectiveness and safety of 
DiscoGel® in patients with CDH and chronic neck pain.

Study Design: This is a cross-sectional, single-center study.

Setting: The study was conducted from November 2013 to May 2016 on patients visiting Sakarya 
University Training and Research Hospital’s pain clinic . 

Methods: Each patient was evaluated before the procedure (baseline) and at 1, 3, 6, and 12 
months after the procedure, using the visual analog scale (VAS) score for pain, the Oswestry 
Disability Index score to measure degree of disability, and estimate quality of life for those with pain; 
this coincides with scores on the Neuropathic Pain Questionnaire (DN4) for differential diagnoses.

Results: Thirty-three patients with CDH underwent the same treatment with DiscoGel® between 
November 2013 and May 2016. Significant pain relief was noted, as opposed to preoperative pain, 
at 1, 3, 6, and 12 months after the procedure according to each patient’s self-evaluation (P = 0.01). 
Differences in VAS, ODI, and DN4 scores between 1, 3, 6, and 12 months with the same variables 
were not statistically significant. There were no complications with the procedure.

Limitations: Our study was conducted retrospectively, which led to problems with long-term 
follow-up data. In addition, this study was performed with a small group of patients.

Conclusions: RGE is a potential alternative to surgery for patients with pain at the cervical 
level. However, we concluded that more studies with longer follow-up intervals with RGE will be 
necessary for assessment of the technique’s efficiency.
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portion of the spinal cord is susceptible to life-altering 
injuries, due to anatomic structures affecting the respira-
tory musculature in the autonomic nervous system. Disc 
herniation is one of the most common spine diseases, so 
several techniques have been introduced as conservative 
methods (medication and physical therapy), epidural 
injections (interlaminar or transforaminal), minimally 
invasive percutaneous treatments, and surgery (3,4). In 
general, minimally invasive approaches provide lower 

D isc disorders of the cervical spine often present 
as cervical radiculopathy or myelopathy 
and can affect a patient’s quality of life. 

Symptomatic cervical disc disease has been reported at 
an annual incidence of 83 per 100,000 individuals in 
the general population (1,2). 

The cervical spinal cord may be considered the 
more important segment of the spinal anatomy com-
pared to that in the lumbar or thoracic segments. This 
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they usually had cervical discogenic or radicular pain 
that did not resolve after conventional therapy or cervi-
cal interlaminal or transforaminal epidural steroid injec-
tion therapy. Written informed consent was obtained 
from all patients. A sample of 33 patients undergoing 
RGE was assessed and observed until the end of the 
follow-up period (12 months), whereas if any patients 
were difficult to follow, they were excluded.

Inclusion criteria were as follows: 18–70 years of 
age, continuous radicular pain radiating to the upper 
limb, with a duration ≥ 12 weeks and an intensity > 
4/10 as rated by the patient on a visual analog scale 
(VAS, 0 = no pain at all and 10 = worst pain imaginable), 
resistant to appropriate conservative treatment (com-
bining anti-inflammatory drugs and physical therapy), 
and confirmed by a computed tomography (CT) or 
magnetic resonance imaging (MRI) of a herniated disc 
putting pressure on a nerve root consistent with the 
clinical pain.

Exclusion criteria included a history of surgery of 
the cervical spine, along with any contraindication to 
percutaneous chemonucleolysis techniques (coagulopa-
thy or infection), allergy to drugs, imaging results that 
did not support clinical results, presence of a herniated 
disc that was calcified on imaging, possible interference 
with pain evaluation due to any medical condition or 
treatment, and incomplete data collection.

Study Design

This study was designed to evaluate long-term 
clinical effects of DiscoGel® in patients with CDH. Data 
collected from medical record forms and the hospi-
tal’s electronic medical record system were used in 
the analysis of data (with regard to age, gender, and 
related complications). Each patient was evaluated at 
time intervals before the procedure (baseline) and at 1, 
3, 6, and 12 months after the procedure, using the VAS 
score (11) for pain, the Oswestry Disability Index (ODI) 
to measure the degree of disability, and estimate qual-
ity of life for those with pain (12), along with scores on 
the Neuropathic Pain Questionnaire (DN4) (13) for dif-
ferential diagnoses. A resident who was not involved in 
the study interviewed each patient in a follow-up visit 
to collect the related information. Adverse effects were 
also recorded after the procedure.

Techniques
Procedures were performed with conscious seda-

tion under aseptic conditions and fluoroscopy guidance 
(C-arm x-ray system, Siemens Healthcare, Germany). 

complication rates, shorter hospital stays, and reduced 
stress in patients (5). To date, there is an increase in pa-
tients with cervical disc disorders, common in the neck, 
shoulders, and arms, which leads to pain and disability. 
Therefore, the use of cervical percutaneous treatment 
has an obviously growing importance for nonsurgical 
management (6).  

Chemonucleolysis is among the percutaneous 
treatments; it is an efficient technique, consisting of an 
intradiscal injection that incorporates chemical proper-
ties to dissolve the nucleus pulposus (NP) and lower 
intradiscal pressure (7). Injection of radiopaque gelified 
ethanol (RGE) in the disc results in molecular splitting of 
proteoglycans in the NP, reducing nuclear volume and 
withdrawal of the protrusion (8). High diffusibility of 
liquid ethanol can be managed by adding ethylcellulose 
for increased viscosity and better injection control, with 
less dispersion of the material post-injection (9). The 
ethylcellulose acts on the herniated disc to generate 
dehydration of the NP, given its hydrophilic properties.

RGE (DiscoGel®, Gelscom SAS, France) is used as a 
chemonucleolysis substance to treat lumbar intradiscal 
herniation (LDH), showing good results without com-
plications (9). It has also been used in cervical disc her-
niations (CDHs), demonstrating the potential efficacy 
of this substance (10). In spite of satisfactory clinical 
outcomes and good patient compliance, DiscoGel® is a 
safe, alternative therapy in selected cases; however, it 
is not often used in patients with CDH. This uncommon 
technique for the cervical level can affect significant 
anatomic structures, given their close proximity to the 
dura and narrow intervertebral discs of the spine, which 
can lead to severe injuries. 

The aim of this study was to investigate the long-
term efficacy and safety of DiscoGel® as a therapeutic 
substance for chemonucleolysis application in patients 
with CDH, especially those who have had chronic pain 
and weakness of the neck, shoulders, and arms.

Methods

This cross-sectional, single-center study of 33 
patients used DiscoGel® at Sakarya University Train-
ing and Research Hospital in Sakarya, Turkey. Sa-
karya University’s Faculty of Medicine Review Board 
(71522473/050.01.04/131) approved the study, and it 
was registered on www.ClinicalTrials.gov. 

Participants
The study was conducted from November 2013 to 

May 2016 on patients visiting the hospital’s pain clinic; 
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Sedation was achieved with 50 μg fentanyl and 1 mg 
midazolam plus local injection of lidocaine into the 
subcutaneous tissue. Intravenous injection of antibiotic 
therapy included 1 g of ceftriaxone disodium and was 
performed before the procedure. All interventions 
were done with spinal needles (22-gauge, 10 cm), as 
the patient was placed in a supine position to advance 
the needle into the cervical intervertebral discs with an 
anterolateral approach. The neck was put into slight 
hyperextension by placing a pillow under the shoulders. 
The right-sided approach was preferred in all cases, as a 
consequence of the esophagus being on the left.

The spinal needle was advanced between the lar-
ynx and jugular-carotid vessels under subluxation of 
the larynx, until it reached the anterior longitudinal 
ligament, with continuous fluoroscopic control. At 
that point, the needle was advanced to the center of 
the disc space (Fig. 1). When satisfied with the needle 
placement, anteroposterior, oblique, and lateral images 
were obtained for fluoroscopic guidance to check the 
needle-tip’s position. Next, 0.2 mL of DiscoGel® was 
injected slowly (0.1 mL/min) into the NP. The syringe 
plunger was pushed all the way in with the medication 
and was maintained for 10 minutes prior to releasing 
the pressure and removing the needle. The fluoroscopic 
image involved a repeated injection.

Post-Procedural Care 
Patients were monitored for a half hour after the 

procedure in the post-anesthetic care unit and then 
transferred to the general ward. Posterioranterior (PA) 
and lateral radiography were performed 3 hours after 
the injection for all patients; this was done to evaluate 
the distribution of RGE and possible leaks. After that, 
patients were discharged in the absence of any com-
plications and were told to take anti-inflammatories, 
antibiotics, and analgesic drugs until the follow-up 
consultation 10 days later. A soft cervical collar was pre-
scribed for 3 days to limit neck motion and to provide 
splinting and rest in a comfortable position.

Statistical Analysis
Analysis was performed on the VAS, ODI, and DN4 

score values collected from all of the patients before 
treatment and at 1, 3, 6, and 12 months after treatment. 
Their descriptive statistics such as mean, SD, median, 
and interquartile range are shown in Figs. 2 and 3. To 
detect a statistically significant change of the VAS, ODI, 
and DN4 score values in the post-treatment period com-
pared to the pretreatment period, we used a paired t 

Fig. 1. The needle was advanced to the center of  the disc space.

Fig. 2. Evolution of  pain intensity values on the VAS at the 
pre-operative consultation and at one and 3 months after the 
procedure with DiscoGel®. The whiskers show the range of  
values and the horizontal line within each box represents the 
median. 
Abbreviations: M1 = 1 month postoperative; M3 = 3 months post-
operative; M6 = 6 months postoperative; M12 = 12 months postop-
erative; baseline = preoperative

test and Wilcoxon matched-pairs signed-rank test. The 
null hypothesis, i.e., no difference between observed 
values before and after treatment, was then assumed 
for each series of scores. The series of ODI scores were 
labeled according to the canonical standing 12 and 
then cross-tabulated to represent the Pre-to-Post Rank 
transition. In correspondence to each rank detected 
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before RGE injection, as well as the percentage of 
patients who recovered after treatment, the best rank 
(i.e., minimal disability with the ODI score not 20%) was 
calculated . 

The differences between pain intensities at the 5 
time-points (baseline and 1, 3, 6, and 12 months post-
operative) and between each time residual pain was 
assessed using the Kruskal-Wallis or the Mann-Whitney 
test. The influence of categorical variables (gender, disc 
level, location of the herniation, etc.) was assessed us-
ing the t test or Mann-Whitney test or, in the case of 
multiple comparisons, the Kruskal-Wallis test followed 
by Dunn’s multiple comparisons test (if the Kruskal-
Wallis test was globally significant). Differences in 
pain intensity changes across the groups defined by 
the abovementioned variables were assessed using the 
Kruskal-Wallis test in the event of a significant differ-
ence, using Dunn’s Multiple Comparison Test. Moreover, 
P < 0.05 was considered significant. We computed 95% 
confidence intervals (95% CIs). The statistical analyses 
were performed using SPSS Version 9.0 (SPSS Inc., Chi-
cago, IL).

Results 
Thirty-three patients with CDH underwent the 

same treatment for a single- or double-disc level prob-
lem with RGE (Fig. 4). Eighteen women (55%) and 15 
men (45%) from 34 to 65 years old (mean 48.68 ± 9.40) 
were treated. Treatment was technically successful in 
33 patients, for a total of 48 disc herniations (C4-C5: 7 
patients; C5-C6: 15 patients; C6-C7: 26 patients). In 18 

patients, a single disc level (C6-7) was treated, and in 15 
patients, 2 disc levels were treated (C5-6/C6-7: 8 cases; 
C4-5/C5-6: 7 cases). There were no relevant complica-
tions related to the procedure in any patient preopera-
tively, and there were also no cases of local or systemic 
infection. Again, we evaluated RGE treatment at 1, 3, 
6, and 12 months postoperatively versus preoperatively 
on the VAS, ODI, and DN4 scores, as shown in Table 1. 
Significant pain relief was noted, as opposed to preop-
erative pain, at 1, 3, 6, and 12 months postoperatively 
according to the patient’s self-evaluation (P = 0.01). Dif-
ferences in VAS, ODI, and DN4 scores at the follow-up 
intervals with the same variables were not statistically 
significant (P > 0.05).  

The boxplot of the data for VAS scores was record-
ed before and after specific time intervals for  percuta-
neous intradiscal injection of RGE, as shown in Fig. 2. 
Before treatment, VAS scores were concentrated on the 
upper values of the scale (median = 8; 25th percentile 
= 7; 75th percentile = 9); this distribution was nega-
tively skewed (skewness = -0.489). The distribution of 
VAS scores in the post-treatment survey at one month 
(median = 4; 25th percentile = 2; 75th percentile = 5) 
and at 3 months (median = 4; 25th percentile = 2; 75th 
percentile = 5) became positively skewed (skewness 1 = 
0.160, skewness 3 = 0.256). No outliers were identified 
(Fig. 1).

Between the preoperative and postoperative 
period of one month, the median of the VAS scores 
dropped by 50 percentage points. This decline was 
significant for the paired sample t-test (t = 8.470; P < 
0.0001). For the preoperative and postoperative period 
of 3 months, the median of the VAS scores still dropped 
by 50 percentage points. This decline was significant for 
the paired sample t-test (t = 8.593; P < 0.0001). Between 
post-treatment at one month and post-treatment at 3 
months, the VAS scores were not significantly different 
for the paired sample t-test (t = 1.000; P < 0 .05). 

In addition, the boxplot of the data of ODI scores 
recorded at the follow-up intervals demonstrated a 
percutaneous intradiscal injection of RGE (Fig. 2). The 
index is expressed in percentage points and ranges from 
0–100%. The lower limit corresponds to the absence of 
disability; the upper limit corresponds to the maximum 
degree of disability (patients were bed-bound). Before 
treatment, the distribution of ODI scores (median = 
60%; 25th percentile = 46%; 75th percentile = 63%) was 
positively skewed (skewness = 0.629) and stayed posi-
tively skewed (skewness = 0.447) in the post-treatment 
survey after one month (median = 36%; 25th percentile 

Fig. 3. Evolution of  pain intensity values on the ODI at the 
pre-operative consultation and at one and 3 months after 
the procedure with DiscoGel®. The whiskers show the range 
of  values and the horizontal line in each box represents the 
median. 
Abbreviations: M1 = 1 month postoperative; M3 = 3 months post-
operative; M6 = 6 months postoperative; M12 = 12 months postop-
erative; baseline= preoperative
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= 26%; 75th percentile = 45%), and after 3 months (me-
dian = 30%; 25th percentile = 22%; 75th percentile = 
43%), it skewed positively (skewness = 0.650). 

As stated, the boxplot of the data of DN4 scores 
were recorded for percutaneous intradiscal injection 
of RGE (Fig. 3). Before treatment, the DN4 scores were 
nearly 2-fold after treatment scores  (median = 3; 25th 
percentile = 2; 75th percentile = 6); therefore, this distri-
bution was negatively skewed (skewness = -0.274). The 
DN4 scores in the post-treatment survey at 3 months 
(median = 0; 25th percentile = 0; 75th percentile = 3.0) 
became positively skewed (skewness = 1.147). 

Statistical analysis indicated a significant difference 
in scores between pre- and post-treatment at 1, 3, 6, 
and 12 month conditions (Figs. 2 and 3). The percent-
age of the study’s success was 82%. The mean decrease 
of the VAS scores was 4.52 with a 95% CI, 5.33 to 3.71 
after one month (P < 0.0001) and 4.60 with a 95% CI, 
5.40 to 3.80 after 3 months (P < 0.0001). The mean de-
crease of the ODI scores was 25.04 with a 95% CI, 32.25 
to 17.83 after one month (P < 0.0001) and 28.48 with a 
95% CI, 35.69 to 21.27 after 3 months (P < 0.0001).

After the operation, 51% (n = 17) of patients had 
a sore throat, 39% (n = 13) had dysphagia, 22% (n = 7) 
had neck stiffness, and 18% (n = 6) had some transient 
increase in pain, while 27% (n = 9) had no complaints. 
In all of the cases, symptoms resolved spontaneously a 
few days after treatment, while in one patient, there 
was a delay of 7 days. Two patients (6%) were referred 
to a specialist due to hoarseness, with improvement 
noted in 2 weeks.

Discussion

Percutaneous intradiscal injection of RGE is simple, 
rapid, imaging-guided, and minimally invasive for 
intervertebral disc herniation and is performed as an 
outpatient procedure. RGE that was used in the cervi-
cal region reduced patients’ pain severity, decreased 
neuropathic symptoms, and improved functional sta-

tus. RGE as a chemonucleolytic agent was introduced 
in 2007 by Theron et al (9), with successful results for 
LDH. This provides retraction of disc herniation due to 
dehydration of the NP. Despite this, Theron et al (10) 
reported therapeutic success in CDH in 2010, with a 
limited number of studies in the literature. The distribu-
tion of RGE in the center of the disc without any leak 
was controlled with C-arm fluoroscopy images. This 
comparison of fluoroscopy images after the procedure 
to those from previous studies for CDH coincides with 
the technique’s success (10).

The most commonly affected disc levels are C5-C6 
and C6-C7 in the cervical spine, which fits our cases 
(14). Santis et al (15) treated 50 discs in 32 patients 
for LDH, with L4-L5: 38%, L5-S1: 34%, L3-L4: 16%, L2-
L3: 8%, and L1-L2: 4%. However, Touraine et al (16) 
treated 42 disc herniations at L5-S1 of 64.3% patients, 
L4-L5 of 33.3% patients, and L3-L4 of 2.4% patients. 
Our treatment was a success (neck pain relief) in 27 

Fig. 4. Evolution of  pain intensity values on the DN4 at the 
pre-operative consultation and at one and 3 months after the 
procedure with DiscoGel®. The whiskers show the range of  
values and the horizontal line within each box represents the 
median. 
Abbreviations: M1 = 1 month postoperative; M3 = 3 months post-
operative; M6 = 6 months postoperative; M12 = 12 months postop-
erative; baseline= preoperative

Table 1. The outcome scores of  cervical DiscoGel® treatment.

Baseline (Mean ± SD) M1 (Mean±SD) M3 (Mean ± SD) M6 (Mean ± SD) M12 (Mean ± SD) P-Value

VAS 7.97 ± 0.19 4.26 ± 0.33 4.19 ± 0.34 4.71 ± 0.48 4.87 ± 0.50 < 0.05

ODI 57.29 ± 2.71 36.23 ± 2.14 33.32 ± 2.23 41.94 ± 3.86 42.32 ± 3.79 < 0.05

DN4 5.33 ± 0.25 2.27 ± 0.60 2.20 ± 0.60 2.33 ± 0.62 2.53 ± 0.66 < 0.05

The change in VAS, ODI, and DN4* scores for patients who had cervical DiscoGel® application showed P < 0.05, with significance in the postop-
erative first and third month values compared with preoperative values. 
*: Results included DN4 score 4 and over. 
M1 = 1 month postoperative; M3 = 3 months postoperative; M6 = 6 months postoperative; M12 = 12 months postoperative; baseline = preopera-
tive; SD = standard deviation; VAS = visual analog scale; ODI = Oswestry Disability Index; DN4 = Neuropathic Pain Questionairre
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out of 33 patients (82%), whereas it was deemed a 
failure (poor outcome - recourse to surgery) in the 
remaining 6 patients (18%). In LDH, Volpentesta et al 
(17) demonstrated results of chemonucleolysis with 
RGE in 80.4% of 72 patients, despite a radicular irrita-
tion with neuropathic pain and a transitory sensory-
motor deficit as complications in 5.45%. The study 
included 276 patients by Theron et al (9), which was 
reported as having a success rate of 89.9%, versus 2 
cases with a negative outcome who went into surgery, 
and 8 cases who had acute herniations along with hy-
peralgesia. In CDH, Theron et al (10) showed improved 
experience in 89.5% of 57 patients for RGE, without 
complications. Bellini et al (18) described significant 
symptom improvement in 6 of 7 (83%) patients, with-
out clinical side effects. Our experience with RGE at 
the cervical level has shown very promising results 
for the treatment of CDH, with improved symptoms 
in 82% of patients, similar to those published. There 
were no treatment-linked complications related to 
RGE in any patients, such as systemic allergic reactions, 
discitis, and neurologic injury. However, some of our 
patients had minimal discomfort such as a sore throat, 
dysphagia, neck stiffness, and a transient increase in 
pain at the injection site due to the needle’s irritation, 
which disappeared spontaneously within a day of the 
procedure or the day after that. Two patients reported 
hoarseness, with improvement noted by 2 weeks. This 
symptom was probably due to irritation of the recur-
rent laryngeal nerve at the injection site. 

Bellini and colleagues (18) evaluated ODI and VAS 
scores in 80 patients with 9 CDHs, but did not distinguish 
the results for the lumbar or cervical region and did not 
evaluate the neuropathic pattern of pain. For this rea-
son, we cannot evaluate the results of this study with 
those of our own study in the same direction. Theron 
et al (10) described 57 patients who identified the 
technique in the cervical region, although there is no 
effective methodology to evaluate pain and function-
ing associated with CDH in their study. We think that 
the results of this study correctly assessed the effective-
ness of the process performed. No related evaluation 
was found for ODI and VAS here, although the VAS was 
adequate for measuring pain between pre-treatment 
(baseline) and post-treatment 1, 3, 6, and 12 month 
conditions (Figs. 2 and 3), with the mean decrease of 
the VAS index at 4.52 and the ODI score at 25.04 after 
one month; in addition, the decrease of the mean VAS 
and ODI scores was 4.60 and 28.48, respectively, at 12 
months. 

The improvement in pain scores is in accordance 
with the study of Bellini et al (18), who showed that 
the mean decrease of VAS scores was 3.56 and ODI 
values was 30.38. However, they treated 9 CDHs, 
where 2 of 7 patients were treated for 2 discs in the 
same session. Another point that should be mentioned 
is that the VAS and ODI score values analysis was not 
performed separately on the CDH. Thus, there were 
no data relevant to pain reduction for CDH. In spite of 
the important reduction of symptoms in 57 patients for 
CDH by using RGE, Theron et al (10) did not provide 
any pain scale for its quantification. Further treatment 
response for CDH was followed-up for 3 months in the 
study by Bellini et al (18) and for 6 weeks by Theron 
et al (10). However, Touraine et al (16) reported that 
VAS scores in LDH were low, with a median value of 
4.6 after 3 months. In the study done by Li et al (19) for 
LDH, a high decrease of VAS and ODI scores was found 
in assessments at 6 months follow-up, with a mean of 
6.3 and 22.4 compared to baseline values in the same 
group at all points of follow-up.

Guha et al (20) performed chemonucleolysis with 
chymopapain on 149 patients and followed them for 
5 years. The authors reported good to excellent results 
based on ODI and VAS scores. In a similar study, Shah 
et al (21) used the ODI questionnaire to estimate the 
functional outcome of chemonucleolysis, with a mean 
ODI score of 44. Karnalkar et al (22) observed a signifi-
cant reduction in the VAS and ODI scores for intradiscal 
injection of oxygen-ozone and intraforaminal steroid 
for treatment of a prolapsed intervertebral disc. Final 
VAS and ODI scores for patients 4 years after treatment 
(with one diseased segment) were 4.2 and 28.0. Pauza 
et al (23) reported that intradiscal electrothermal an-
nulopasty (IDET) was a minimally invasive alternative 
treatment for chronic discogenic low back pain. After 
treatment in 32 patients, the mean VAS dropped from 
6.6 to 4.2 (SD 2.3), and the mean ODI dropped from 31 
to 20 (SD 11). 

Chronic pain that radiates down the leg (lumbar 
radiculopathy or sciatica) or arm (cervical radiculopathy) 
is an example of neuropathic pain originating from the 
back or spine. Neuropathy can result from a lesion or 
disease affecting the somatosensory system. In addition 
to special hypersensitivity to a normally painful stimu-
lus, pain from light touch or another stimulus (that 
does not typically cause pain) may also be characterized 
as neuropathy. Patients with neuropathy often describe 
it as being unlike any other pain they’ve felt before. Al-
though it is known that disc herniation leads to neuro-
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pathic pain as well as chronic and acute pain, DiscoGel® 

treatment for neuropathic pain is still not investigated 
in the literature. In this study, the DN4 questionnaire 
was used for evaluation of neuropathic pain following 
DiscoGel® treatment for CDH. DN4 scores demonstrated 
significantly lower values compared to baseline, except 
for 5 patients who had a DN4 score over 4, regardless of 
CDH symptoms. The DN4 scores evaluating neuropathic 
pain, as shown in Fig. 4, reveal that patients scored 2.53 
± 0.66 after a 12-month follow-up, with pain not char-
acterized as neuropathic. We found that a significant 
improvement could be obtained with DiscoGel® treat-
ment in CDH (24,25). 

Our study does have some limitations however; it 
was conducted retrospectively, which led to problems 
in obtaining long-term follow-up data. In addition, this 
study was performed with a small patient population. 
Thus, prospective, multidisciplinary studies with large 
series are required.

Conclusion 

Similar results to studies previously published 
for CDH confirm that RGE is potentially an efficient, 
cost-effective, and time-saving alternative to surgery 
for patients with pain at the cervical level. It should 
be pointed out that there were similar success rates 
in the treatment of disc herniations with alternative 
(minimally invasive) techniques, such as chymopapain, 
RGE, oxygen-ozone, IDET, etc. However, there are a 
limited number of publications on chemonucleolysis 
as treatment at the cervical level, which does not in-
clude long-term patient follow-ups. We conclude that 
continued studies with longer follow-up intervals with 
RGE are necessary for assessment of the technique’s ef-
ficiency. Additional studies are needed to compare the 
outcomes of RGE with other cervical chemonucleolysis 
and intradiscal techniques.
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