
Background: Degenerative disc disease is a leading cause of low back pain. Conservative 
treatments like pain medication and exercise therapy have shown mixed results, while procedures 
like fusion surgery carry risks such as adjacent segment disorder and surgical morbidity. Therefore, 
there is a critical need for treatments that bridge the gap between conservative care and surgery.

Objective: To assess the efficacy of intradiscal hydrogel implantation compared with sham 
treatment of intradiscal injection of saline in patients with chronic discogenic low back pain.

Study Design: Prospective, double-blind, randomized, controlled, multicenter trial.

Setting: Two tertiary interventional pain care centers in Switzerland and in the Netherlands.

Methods: Forty-nine patients with chronic discogenic low back pain unresponsive to conservative 
treatment were randomized to receive either intradiscal hydrogel implantation or a sham 
treatment. Control Group patients could cross over to hydrogel treatment after 6 months. The 
primary outcome was pain improvement at 6 months. Secondary outcomes included disability, 
quality of life, employment status, Patient Global Impression of Change score, analgesic use, disc 
space height, and disc degeneration. Adverse events were continually assessed.

Results: At 6 months postprocedure, the Hydrogel Group patients had improved pain scores 
compared to Control Group patients, though not statistically significant (P = 0.070). Six out of 24 
patients in the Hydrogel Group reported much improvement on their Patient Global Impression of 
Change scores, compared to 0 out of 25 in the Control Group (P = 0.008). Within-group disability 
improvements were statistically significant in the Hydrogel Group but not in the Control Group. 
No significant differences were found between groups in disability, quality of life, or employment 
status. Only one serious adverse event was reported—a patient from the Hydrogel Group was 
hospitalized due to a possible exacerbation of low back pain 6 days postprocedure.

Limitations: This trial’s limitations include strict eligibility criteria and questions about the validity 
of intradiscal saline as a placebo.

Conclusions: This trial suggests that percutaneous intradiscal hydrogel implantation may reduce 
chronic discogenic pain and disability, with significant Patient Global Impression of Change 
improvements, though larger trials are needed to confirm efficacy.

Key words: Chronic discogenic low back pain, degenerative disc disease,; hydroge,; intradiscal 
injection, randomized controlled trial.
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TThe intervertebral discs have been identified as 
the source of pain in 26%–40% of all patients 
with low back pain (LBP) (1,2). Discogenic LBP is 

typically characterized by persistent, centralized pain, 
which worsens with axial loading and is associated with 
degenerative disc disease seen on magnetic resonance 
imaging (MRI) (1-4). Aging leads to disc dehydration 
due to proteoglycan loss, reduced elasticity, and 
nerve ingrowth, which all contribute to pain (5,6). 
Additionally, a decline in vascular channels reduces 
blood flow to the cartilaginous endplates, resulting in 
a decreased nutrient supply to the disc. This nutrient 
deficiency leads to the accumulation of lactic acid 
and a subsequent decrease in pH levels (6,7); studies 
suggest a direct correlation between low pH levels and 
discogenic pain (8,9).

Treatment options for discogenic LBP include 
conservative management such as pain medication, 
exercise therapy, and multidisciplinary biopsychosocial 
rehabilitation. However, studies have shown mixed 
results concerning their efficacy (10). More invasive 
options, like interbody fusion and disc arthroplasty, 
have demonstrated improvements in pain, but are as-
sociated with risks, including adjacent segment disor-
der and surgical morbidity (10,11). Therefore, there is 
a critical need for developing new treatment options 
that bridge the gap between conservative care and 
invasive surgery (12).

Implanting hydrogels into an intervertebral disc’s 
nucleus pulposus represents a promising minimally 
invasive technique for treating discogenic pain (9,13). 
The hydrogel GelStix™ Nucleus Augmentation Device 
(Replication Medical, Inc.) (hereafter called hydrogel), 
which is primarily composed of hydrolyzed polyac-
rylonitrile, is inserted into the nucleus pulposus via a 
needle. Once implanted, it has the potential to absorb 
bodily fluids, providing hydration to the disc, which 
may result in an increase in disc volume (Fig. 1). This 
process promotes disc hydration and fluid exchange, 
and helps maintain a balanced pH level. Consequently, 
these effects contribute to disc preservation and are 
expected to result in pain relief (14).

The aim of our randomized controlled trial was to 
assess the efficacy of percutaneous intradiscal hydrogel 
implantation in patients with chronic discogenic LBP 
compared with a sham treatment. 

Methods

Our double-blind, randomized, controlled, multi-
center trial was conducted at 2 tertiary interventional 

pain care centers. Approval to conduct the trial was 
granted by the Research Ethics Committee of the Can-
ton Ticino, Switzerland (CE 2982) and by the Medical 
Ethical Committee Arnhem-Nijmegen, the Netherlands 
(2016-2944). A detailed description of the trial proto-
col, including the eligibility criteria has been previously 
published (15). Eligible patients had discogenic LBP 
confirmed by MRI and discography; those who had 
prior spinal surgery, nerve root compression, or severe 
degeneration were excluded. The trial was registered 
at ClinicalTrials.gov (NCT02763956). Written informed 
consent was obtained from all patients prior to their 
enrollment in the trial.

Patients were randomized 1:1 to receive either 
hydrogel (Hydrogel Group) or sham treatment 
(Control Group), stratified by the treating center. 
Randomization was centrally managed by the by the 
Clinical Trial Unit of the Ente Ospedaliero Cantonale 
(CTU-EOC), Bellinzona, Switzerland, and was strati-
fied by the treating center using blocks of 4. Both 
the hydrogel implantation and sham procedures 
were carried out in an identical manner. Blinding 
was maintained for patients, outcome assessors, 
and treating physicians, with only the proceduralist 
unblinded.

Patients who continued to experience substantial 
discogenic LBP at 6 months postprocedure (a Numeric 
Rating Scale [NRS-11] score ≥ 5) could request unblind-
ing. If unblinding revealed they were initially assigned 
to the Control Group, they were offered the option to 
cross over to hydrogel treatment. Blinding was main-
tained for all other patients throughout the remainder 
of the trial, up to the 12-month follow-up.

Patient Selection and Data Collection
Patient recruitment started on June 27, 2016, and 

follow-up continued until the completion of this analy-
sis on July 1, 2022.

Thirty minutes prior to the procedure, patients 
in both groups received an intravenous dose of one g 
cefazolin as a bacterial prophylaxis.

Percutaneous Intradiscal Hydrogel 
Implantation

The hydrogel implantation procedure has been 
described in detail previously (15). In summary, patients 
randomized to receive the investigational hydrogel 
(GelStix™ Nucleus Augmentation Device system, STX-
1835S) underwent percutaneous intradiscal hydrogel 
implantation. Under sterile conditions and local an-
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esthesia, an 18G needle tip (18GTXX165mm, Replica-
tion Medical, Inc.) was positioned in the center of the 
nucleus pulposus under fluoroscopic guidance. After 
the stylet was removed from the needle, the cap was 
removed and the holder threaded onto the needle. 
The spine interventionalist then pushed the piston of 
the holder to drive the hydrogel into the introducer 
needle. Once the holder was removed, the needle 
stylet was advanced through the needle to expel the 
hydrogel into the nucleus pulposus. This step was 
followed by fluoroscopic confirmation to ensure the 
needle tip was correctly positioned centrally within the 
nucleus pulposus. The procedure was repeated to insert 
additional hydrogel, with a maximum of 3 hydrogels 
per symptomatic disc.

At one site, 2 senior spine interventionalists (EK 
and PM) performed all procedures, while at the other 
site, a single senior spine interventionalist (JWK) per-
formed all procedures. Each of these 3 senior spine 
interventionalists had over 10 years of experience in 
performing spinal pain intervention procedures.

The Sham Intervention
For the sham intervention, the spine interven-

tionalist injected a total of 1 mL of saline (NaCl 0.9%) 
into the nucleus pulposus of the affected discs using a 
double-needle technique with a 25G inner needle and 
a 22G outer needle.

To maintain effective blinding, both the hydrogel 
and sham procedures were performed identically under 
fluoroscopic guidance, using the same equipment and 
needle technique, with patients shielded from visual 
cues during the procedure. Additionally, postprocedure 
instructions and follow-up protocols were standardized 
to avoid revealing treatment allocation.

All patients were instructed to avoid heavy lifting 
in the 2 weeks following the procedure. At 2 weeks 
postprocedure, patients in both groups began physio-
therapy based on a trial-specific protocol; they received 
treatment once a week for 9 weeks (15). They were 
also taught how to perform the exercises at home and 
were asked to continue these exercises 3 times a week 
for 6 months. The continuation or modification of pain 
medication was allowed throughout the 12-month trial 
period.

Primary Outcome Measure
The primary outcome was the change in LBP score 

between baseline and 6 months, assessed using an 
11-point NRS-based pain diary recorded over 5 days 

with entries made 3 times a day. Daily pain scores were 
averaged; peak pain scores were also calculated from 
the diaries. 

Secondary Outcomes Measures
Secondary outcomes included NRS-11 score 

changes at additional follow-up points (one week, and 
postprocedure months one, 3, and 12); Patient Global 
Impression of Change (PGIC), disability, as measured by 
the Oswestry Disability Index (ODI), and health-related 
quality of life assessed using the EuroQol Group EQ-5D-
5L™ questionnaire. Additionally, the disc degeneration 
process and midsagittal disc height were evaluated 
using MRI at 12 months postprocedure, compared to 
baseline (≤ 6 months preprocedure). Pain medication 
consumption was recorded in the patient’s pain diary. 
Employment status was recorded as an additional mea-
sure of treatment efficacy. Safety data were collected 
at each visit.

To assess the success of blinding, patients and 
their treating physicians (i.e., not the physician who 
performed the procedure) were asked before unblind-
ing to indicate which treatment they believed they had 
received: hydrogel, sham, or if they were unsure. These 
responses were then compared with the actual treat-
ments administered.

Statistical Analysis
All analyses were performed according to the in-

tention to treat principle. Baseline characteristics were 
described as mean (SD) or as median (interquartile 
range [IQR]), or as count and percentage, and were 
stratified by group. The primary outcome—mean pain 
at 6 months postprocedure—and other pain scores 
over the total course of follow-up until 6 months post-
procedure were compared using the independent-
samples t test. To explore gender-specific effects, we 
additionally stratified the analysis of the primary out-
come by gender and used linear regression analysis to 
test the interaction between gender and treatment. 
A significant interaction would indicate evidence of 

Fig. 1. The 
hydrogel is 
water-soluble and 
enlarges in volume, 
absorbing the 
body’s own fluids, 
after hydration.
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a difference in effect of the hydrogel treatment be-
tween men and women. Secondary outcome measures 
were compared between groups using the indepen-
dent-samples t test for continuous variables, and the 
Pearson χ2 test for categorical variables. Within-group 
change-from-baseline of continuous outcomes was 
tested using the paired-samples t test. Results at 12 
months postprocedure were compared between 
groups for the primary outcome. Other outcomes at 
12 months postprocedure were described only for the 
Hydrogel Group, because of the possibility to cross 
over at 6 months for patients in the Control Group. All 
analyses were performed using R version 4.0.4 (The R 
Foundation).

Results

Patient Demographics
From June 2016 through June 2022, 272 patients 

were screened; 49 were enrolled (24 in the Hydrogel 
Group, 25 in the Control Group) (Fig. 2). Most exclu-
sions were due to ineligibility (n = 186) or patient 
refusal (n = 37). Five patients withdrew or were 
lost to follow-up before the 12-month assessment. 
Baseline characteristics were similar between groups 
(Table 1). The most treated levels were L4-L5 and L5-
S1 (Table 2).

Primary Outcome Measure
At 6 months postprocedure, the Hydrogel Group 

had a larger decrease in the mean NRS-11 pain score 
compared to the Control Group, though this difference 
was not statistically significant. The mean (SD) pain score 
decreased by 0.9 (2.2) points in the Hydrogel Group vs 
0.1 (1.7) points in the Control Group (P = 0.070) (Fig. 
3). The gender-specific analyses revealed that in men, 
the 6-month postprocedure mean (SD) decrease was 
1.2 (2.8) in the Hydrogel Group compared to a decrease 
in pain intensity of -0.4 (1.8) in the Control Group (P 
= 0.126). In women, the mean (SD) decrease was 0.8 
(1.8) in the Hydrogel Group compared to 0.2 (1.7) in the 
Control Group (P = 0.443). A linear regression analysis 
revealed no significant interaction between gender 
and treatment effect (regression coefficient: 1.1; 95% 
CI, -1.2 to 3.5; P = 0.342).

At postprocedure follow-ups of one week, one 
month, and 3 months, there were no significant differ-
ences in pain intensity between the groups (P = 0.518, 
0.438, and 0.328, respectively). Of the patients initially 
assigned to the Control Group, 22 (88.0%) crossed over 
to receive intradiscal hydrogel at 6 months postproce-
dure. In the Hydrogel Group, the mean (SD) pain score 
had decreased by 1.9 (2.2) points at 12 months postpro-
cedure, compared to a decrease of 1.1 (0.8) points in 
the Control Group, ignoring cross-over. For those who 

Fig. 2. Consolidated Standards Of  
Reporting Trials (CONSORT) patient 
flow chart.
(S)AE, (severe) adverse events; EQ-5D-5L, 
EuroQol 5-Dimention 5-level; PGIC, Patient 
Global Impression of Change; ODI, Oswestry 
Disability Index.
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Table 1. Demographic and baseline characteristics of  patients stratified by treatment allocation.

Characteristic Hydrogel Group (n = 24) Control Group (n = 25)

Women, n (%) 14 (58.3%) 12 (48.0%)

Age (y), mean (SD) 42.3 (10) 40.1 (10.3)

Pain NRS-11, mean (SD) 6.2 (1.5) 6.4 (1.2)

BMI (kg/m2), mean (SD) 25.6 (38) 26.1 (4.0)

Smoking
Never smoked
Past smoker
Current smoker
Cigarettes/d
Duration (y)

14 (58.3%)
0 (0.0%)

10 (41.7%)
10 (4- 14)
16 (9 - 28)

15 (60.0%)
3 (12.0%)
7 (28.0%)

10 (5 – 10)
27 (16 - 39)

Employment status, n (%)
Full-time employment
Part-time employment
Unemployed
Restricted employment

8 (34.8%)
9 (39.1%)
6 (26.1%)
0 (0.0%)

10 (44.0%)
6 (24.0%)
7 (32.0%)
0 (0.0%)

Finger-to-floor distance, cm, median (SD) 15.4 (8.5) 18.8 (17.6)

Schober test unlimited 14 (58.3%) 13 (52.0%)

Chronic LBP duration (y), mean (SD)

Previous treatment 
Bed rest
Lumbar brace
Chiropractic care
Physiotherapy
TENS
Acupuncture
Epidural injection
Facet joint injection
Steroid injection

0 (0.0%)
3 (12.5%)

10 (41.7%)
22 (91.7%)
11 (45.8%)
5 (20.8%)

11 (45.8%)
18 (78.3%)
7 (29.2%)

3 (12.0%)
5 (20.0%)
8 (32.0%)

24 (96.0%)
13 (52%)

10 (40.0%)
10 (40.0%)
23 (92.0%)
6 (25.0%)

ODI, mean (SD) 40.1 (14.4) 42.9 (12.3)

PCS 20.5 (9.0) 26.9 (10.2)

SFQ 24.2 (18.9) 24.8 (18.2)

PSEQ 26.8 (9.4) 25.4 (10.5)

HADS, mean (SD) (range 0-21)
Anxiety
Depression

8.2 (3.6)
7.0 (4.1)

7.3 (4.8)
6.9 (4.1)

Pfirrmann Grade of treated disc level
I
II
III
IV

0 (0.0%)
2 (8.3%)

13 (54.2%)
9 (37.5%)

1 (4.0%)
3 (12.0%)

16 (64.0%)
5 (20.0%)

Disc height of treated disc level, mm, mean (SD) 9.2 (1.7) 10.2 (2.6)

HIZ on treated disc level
A
B
C
D

19 (67.9%)
8 (28.6%)
0 (0.0%)
1 (3.6%)

15 (48.4%)
10 (32.3%)

2 (6.5%)
4 (12.9%)

Schmorl's nodes on treated disc level. n/N (%) 0 (0%) 0 (0%)

Modic Type 1 vertebral endplate subchondral bone changes, n (%) 1 (3.6%) 2 (6.5%)

Modic Type 2 vertebral endplate subchondral bone changes, n (%) 5 (17.9%) 0 (0.0%)

LBP, low back pain; NA, not available; NRS-11, Numeric Rating Score (0-10); BMI, Body mass index; NSAID, nonsteroidal anti-inflammatory 
drug; ODI, Oswestry Disability Index; PCS, pain catastrophizing scale; SFQ, surgical fear questionnaire; PSEQ, pain self-efficacy questionnaire; 
HADS, Hospital Anxiety and Depression Scale; HIZ, high intensity zone (A= no HIZ, B= mildly hyper intensive, C= moderately hyper intensive, 
D= markedly hyper intensive)
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crossed over at 6 months to the hydrogel treatment, 
the mean (SD) pain score decreased by 1.2 (1.8), while 
for the few who did not opt for hydrogel at 6 months, 
the mean (SD) pain score increased by 0.3 (1.8) points.

Secondary Outcome Measures
Figure 4 illustrates the distribution of PGIC scores. 

At the 3-month follow-up, 4 out of 24 patients (16.7%) 
in the Hydrogel Group reported at least “much im-
provement,” compared to 2 out of 25 patients (8.0%) 
in the Control Group (P = 0.417). At the 6 month follow-
up, 6 out of 23 patients (26.1%) in the Hydrogel Group 
reported “much improvement” or better, compared to 
none of the 25 patients (0.0%) in the Control Group (P 
= 0.008). At the 12 month follow-up, 11 out of 21 pa-
tients (52.4%) in the Hydrogel Group reported at least 
“much improvement.”

At 6 months postprocedure, the Hydrogel Group 
had a statistically significant within-group reduction in 
ODI scores (mean decrease 6.3 (13.1); P = 0.032), while 
the Control Group did not (mean decrease 3.7 (15); P 
= 0.234). However, the between-group difference was 
not significant (P = 0.428). By the 12 month follow-up, 
mean (SD) ODI scores in the Hydrogel Group had de-
creased by 17.0 (18.7) points (P < 0.001).

There was no significant difference in mean (SD) 
quality of life scores (EQ-5D-5L) at 6 months postpro-
cedure between groups (Hydrogel Group: 0.57 (0.29); 
Control Group: 0.48 (0.29); P = 0.300), nor were there 
significant within-group changes observed. At 12 
months postprocedure, the Hydrogel Group’s mean 
(SD) utility score was 0.66 (0.30). Employment status 
remained similar between groups at 6 months postpro-
cedure (P = 0.528).

In the Hydrogel Group, the preoperative median 
(IQR) midsagittal disc height had a significant increase 
from 9.0 mm (8.4 mm– 10.5 mm) to 9.3 mm (7.4 mm–
10.6) postoperatively. In contrast, the Control Group ex-
perienced a median (IQR) decrease in disc height from 
9.9 mm (9.0 mm–11.0) to 9.8 mm (8.0 mm– 14.2 mm). 
However, the difference between the groups was not 
statistically significant (P = 0.737). Measurements were 
performed by a blinded radiologist (Table 3).

At baseline, 27 patients were taking analgesics 
(Table 4). Most patients were managing their pain 
with acetominophen. At baseline, 12 patients were 
using opioids, of whom half took strong opioids. We 
refrained from statistical testing due to the limited 
number of patients per type of analgesic.

Regarding blinding, 28.6% of the patients in the 

Table 2. Procedural characteristics.

Characteristics
Hydrogel Group 

(n = 24)
Control Group 

(n = 25)
Segments treated, n (%)
L2-L3
L3-L4
L4-L5
L5-S1
L2-L3 and L3-L4
L3-L4 and L4-L5
L4-L5 and L5-S1

0 (0%)
1 (4.2%)

13 (54.2%)
14 (58.3%)

0 (0%)
1 (4.2%)

3 (12.5%)

0 (0%)
5 (21.7%)

13 (56.5%)
13 (56.5%)

0 (0%)
1 (4.3%)

7 (30.4%)

Number of GelStix per level, n (%)

L3-L4
1
2
3

0 (0%)
0 (0%)

1 (100%)

1 (20.0%)
1 (20.0%)
3 (60.0%)

L4-L5
1
2
3

0 (0%)
4 (30.8%)
9 (69.2%)

2 (16.7%)
2 (16.7%)
8 (66.7%)

L5-S1
1
2
3

1 (7.1%)
5 (35.7%)
8 (57.1%)

0 (0%)
2 (20.0 %)
8 (80.0%)

Fig. 3. Mean Numeric Rating Scale pain scores over 
time for the Hydrogel and Control groups. The line graph 
shows the mean pain intensity measured at baseline and 
at one, 3, 6, and 12 months postprocedure. The vertical 
dashed line indicates the cross-over moment when patients 
from the Control Group were offered hydrogel treatment.

Table 3. Magnetic resonance imaging measurements at baseline 
and at 12 months postprocedure of  all treated levels.

Baseline 12 months

Disc height in mm, mean (SD) 9.2 (1.7) 9.2 (1.9)

Pfirrmann Grade, n (%)
I
II
III
IV

1 (3.6%)
5 (17.9%)

13 (46.4%)
9 (32.1%)

1 (4.0%)
1 (4.0%)

15 (60.0%)
8 (32.0%)

Modic signal on MRI, n (%)
No Modic
Modic Type 1
Modic Type 2

22 (78.6%)
1 (3.6%)

5 (17.9%)

19 (76%)
2 (8.0%)

4 (16.0%)
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Hydrogel Group correctly believed they had received 
the treatment, compared to 4.3% in the Control Group. 
Most patients in the Control Group (65.2%) believed 
they received a placebo. However, this difference was 
not statistically significant (P = 0.085). Similarly, treating 
physicians’ guesses did not differ significantly between 
groups (P = 0.384); the majority in both groups were 
unsure of the treatment allocation. 

At 6 months postprocedure, 6 patients (4 in the 
Hydrogel Group and 2 in the Control Group) reported 
an adverse event that was possibly related to the proce-
dure. In the Hydrogel Group, one patient experienced 
LBP with MRI-detected edema at L4-L5, 
and another reported tired legs. Three pa-
tients (2 in the Hydrogel Group and one in 
the Control Group) experienced aggravated 
postprocedure pain. One patient in the Hy-
drogel Group experienced a severe adverse 
event. This patient was hospitalized at 6 
days postprocedure for exacerbation of LBP, 
possibly procedure-related, which resolved 
after 2 days with analgesic treatment. At 12 
months postprocedure, 2 patients reported 
adverse events. In the Hydrogel Group, one 
patient experienced tingling in the left leg 
at 6 months. An MRI revealed an L4-L5 disc 
protrusion compressing the L5 nerve root. 
This patient was treated with an epidural 
injection of lidocaine and dexamethasone, 
and the event was considered unlikely to be 
directly related to the hydrogel implantation, 

as it occurred at 6 months postprocedure. In the Control 
Group, one patient that crossed over to the hydrogel 
group, developed a herniated nucleus pulposus at the 
L4-L5 level, which was unlikely related since it occured 
6 months postprocedure; the symptoms were success-
fully treated with an epidural injection. 

Discussion

To our knowledge, this is the first prospective, 
double-blind, randomized controlled trial to evalu-
ate the efficacy of intradiscal implantation of a solid 
hydrogel in patients with chronic lumbar discogenic 

Table 4. Pain medication consumption during follow-up compared to baseline.

Baseline 1 Week 1 Month 3 Months 6 Months 12 Months

C H C H C H C H C H C H

Acetaminophen 6 
(24.0%)

4 
(16.7%)

6 
(24.0%)

8 
(33.3%)

8 
(32.0%)

7 
(29.2%)

8 
(32.0%)

7 
(29.2%)

8 
(32.0%)

6 
(25.0%) 5 (20%) 4 

(16.7%)

Anticonvulsants 1 (4.0%) 1 (4.2%) 1 (4.0%) 2 (8.3%) 1 (4.0%) 1 (4.2%) 0 (0.0%) 0 (0.0%) 1 (4%) 0 (0.0%) 1 (4.0%) 0 (0.0%)

NSAIDs 3 
(12.0%)

3 
(12.5%)

6 
(24.0%)

5 
(20.8%)

6 
(24.0%)

7 
(29.3%)

7 
(28.0%)

3 
(12.5%)

7 
(28.0%) 6 (25%) 4 (16%) 1 (4.2%)

Opioids, strong 3 
(12.0%) 2 (8.3%) 2 (8.0%) 2 (8.3%) 2 (8.0%) 1 (4.2%) 2 (8.0%) 1 (4.2%) 2 (8.0%) 1 (4.2%) 2 (8.0%) 1 (4.2%)

Opioids, weak 3 
(12.0%)

5 
(20.8%) 5 (20%) 6 (25%) 2 (8.0%) 4 

(16.7%) 2 (8.0%) 4 
(16.7%)

4 
(16.0%)

3 
(12.5%) 0 (0.0%) 3 

(12.5%)

Pyrazolone 0 (0.0%) 0 (0.0%) 0 (0.0%) 2 (8.3) 0 (0.0%) 2 (8.3%) 0 (0.0%) 1 (4.2%) 0 (0.0%) 3 
(12.5%) 1 (4.2%) 2 (8.3%)

SNRI 1 (4.0%) 1 (4.2%) 0 (0.0%) 0 (0.0%) 1 (4.0%) 1 (4.2%) 1 (4.0%) 1 (4.2%) 1 (4.0%) 1 (4.2%) 0 (0.0%) 0 (0.0%)

Tricyclic 
Antidepressants 1 (4.0%) 0 (0.0%) 1 (4.0%) 0 (0.0%) 1 (4.0%) 0 (0.0%) 1 (4.0%) 0(0.0%) 1 (4.0%) 0 (0.0%) 1 (4.0%) 0 (0.0%)

C, Control Group; H, Hydrogel Group; NSAID, nonsteroidal anti-inflammatory drug; SNRI, Serotonin-norepinephrine reuptake inhibitor
§ Weak opioids include tramadol. Strong opioids include fentanyl, oxycodone, and tapentadol.

Fig. 4. Distribution of  Patient Global Impression of  Change scores at 
3 and 6 months postprocedure for the Hydrogel and Control Groups.
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pain unresponsive to conservative treatment. While the 
Hydrogel Group showed a larger reduction in pain at 6 
months compared to the Control Group, the difference 
did not reach statistical significance (P = 0.070). How-
ever, patient-reported improvement, as measured by the 
PGIC, was significantly greater in the hydrogel group (P 
= 0.008), suggesting meaningful perceived benefit.

Additionally, the mean within-group improvement 
in disability, as assessed by the ODI questionnaire, was 
statistically significant in the Hydrogel Group but not 
in the Control Group. There were no statistically sig-
nificant differences between the 2 groups regarding 
improvements in disability, health-related quality of 
life, or employment status. By postprocedure month 
12, the Hydrogel Group had a significant decrease in 
ODI scores compared to baseline (P < 0.001), indicat-
ing that the benefits of hydrogel implantation may 
increase over time.

The high crossover rate (88%) from Control 
Group to Hydrogel Group at 6 months postprocedure 
reflects strong patient interest in the intervention. 
Post crossover, patients also experienced reductions in 
pain, which supports the possible clinical utility of the 
treatment.

Disc height increased slightly in the Hydrogel 
Group, but the difference was not statistically sig-
nificant. These measurements should be interpreted 
cautiously given the small sample and measurement 
variability.

Our trial confirms that intradiscal hydrogel implan-
tation is a generally safe procedure. Only one serious 
adverse event occurred, and adverse effects were mild 
and self-limiting in most cases. Temporary postproce-
dure pain flares were observed in both groups, which 
is common after intradiscal interventions. No accelera-
tion in disc degeneration was observed at one-year MRI 
follow-up. 

The intervertebral disc, which is avascular, relies on 
nutrient diffusion from blood vessels in the vertebral 
body (16). Nutrients cross the vertebral endplate to 
nourish the disc cells, which in turn release lactic acid 
and other byproducts back into the circulatory system 
(16). Risk factors like smoking, atherosclerosis, and ver-
tebral endplate calcification can impair nutrient supply 
by reducing endplate permeability (17,18). This leads to 
lactic acid accumulation, decreased pH, altered cellular 
activity, and reduced proteoglycan synthesis. The re-
sulting decline in proteoglycan content affects intradis-
cal pressure and the disc’s ability to handle mechanical 
loads, contributing to disc degeneration (7).

Once implanted intradiscally, GelStix implants rap-
idly absorb water and expand due to their hydrophilic 
properties. When used to supplement the interverte-
bral disc in early to intermediate stages of disc degen-
eration, these hydrogels may enhance nucleus pulposus 
regeneration and improve segmental mechanical func-
tion (13,19). Intradiscal GelStix implantation increases 
the disc’s pH, which helps natural proteoglycans bind to 
water, improving hydration. This process may help halt 
the disc degeneration cycle. This process might take 
time, and the benefits on pain intensity might there-
fore not appear immediately, which could explain the 
observed time-dependent reduction in pain in our trial.

Hydrogels composed of polyacrylonitrile based 
polymers also exhibit selective absorption of bio-
molecules. Its molecular sieving effect excludes large 
molecular-weight proteins while permitting entry of 
molecules below approximately 50 kDa. Absorption 
is diffusion controlled; moderately large molecules 
below the cut-off enter and are retained in the gel in 
a time-dependent manner. Proinflammatory cytokines 
associated with disc degeneration and nociceptive 
sensitization, including interleukin (IL)-6 and tumor 
necrosis factor (TNF)-α,fall within the 17–50 kDa range; 
they would be expected to enter the gel slowly yet re-
main below the exclusion threshold (20,21). Over time, 
these molecules are likely to become entrapped within 
the hydrogel, thereby reducing their concentration and 
pathophysiological activity. This offers an additional 
mechanism for the delayed analgesic effect observed 
in this trial.

Several observational studies have evaluated 
intradiscal GelStix implantation in patients with disco-
genic pain, reporting improvements in both pain and 
function. Ceylan, et al (22) retrospectively analyzed 
data from 29 patients who underwent percutaneous 
intradiscal GelStix implantation and reported that the 
treatment significantly reduced pain and disability. 
Consistent with our trial, they observed a time-depen-
dent decrease in the patients’ Visual Analog Scale (VAS) 
pain scores and ODI scores with GelStix treatment, with 
better outcomes over time. The longer the follow-up 
time, the better the scores became. The mean (SD) VAS 
pain intensity scores decreased from 7.14 (0.64) at base-
line to 3.69 (0.60) at one month and 2.48 (0.63) at 12 
months postprocedure (P < 0.001) (22).

Singh, et al (23) implanted GelStix in 22 patients to 
assess its potential for reducing LBP in patients with dis-
cogenic pain confirmed by radiographic imaging and 
provocative discography. At the 4-week follow-up, VAS 
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scores decreased from 8.5 to 3.0 (P < 0.0001) and ODI 
scores decreased from 25.1 to 10.2 (P < 0.0001). Similar 
to our findings, this trial also observed a time-depen-
dent decrease in both VAS and ODI scores throughout 
the one-year follow-up period (23).

For patients with early or intermediate-stage 
degenerative disc disease, various minimally invasive 
treatments have been employed, including intradiscal 
injection of methylene blue, corticosteroids, and ther-
mal intradiscal/annular treatments (24–26). However, 
many of these treatments provide only short- to inter-
mediate-term relief or have been discontinued due to 
insufficient evidence (27). For instance, pain relief from 
intradiscal glucocorticoid injections is generally short- 
to intermediate-term, lasting between 3 and 6 months 
(25).

The role of intradiscal hydrogel implantation for 
managing discogenic LBP remains to be defined. At 
present, no fully validated treatment for discogenic 
LBP exists, and most alternatives, including conserva-
tive care and fusion surgery, are supported by limited 
evidence (28). Given this context, even modest success 
with intradiscal hydrogel treatment can be considered 
a significant improvement. Additionally, intradiscal 
hydrogel implantation may offer a safer and more cost-
effective option compared to fusion surgery.

The strengths of our trial include its methodologi-
cal rigor, double-blind, randomized controlled trial 
design, and comprehensive patient selection process. 
It also benefits from long-term data, effective conceal-
ment of group allocation, and successful blinding of 
both patients and observers. Additionally, we employed 
provocation discography with manometric monitoring 
to select the target disc for treatment. While provoca-
tive discography is controversial, it remains the most 
reliable diagnostic test for confirming discogenic pain 
(28). Furthermore, all patients were treated according 
to a standardized physiotherapy protocol.

Limitations include the small sample size, strict eli-
gibility criteria, and the extended recruitment period, 
which may affect generalizability. Also, the validity of 
intradiscal saline as a placebo remains debated, though 
widely used in similar trials. The 2-center trial experi-
enced a lengthy recruitment period, likely due to the 
stringent eligibility criteria and patients’ reluctance to 
a 50% chance of sham treatment. Stopping rules were 
implemented after including 49 patients due to logisti-
cal constraints, such as time and financial limitations. 
The current effect size was very unlikely to change 
significantly with the addition of new patients. How-

ever, the precision of that estimate and the statistical 
significance was likely to improve with new patients.

Another limitation is the potential issue of wheth-
er intradiscal saline injection serves as a true placebo. 
A meta-analysis indicated that epidural saline may be 
effective for managing low back and lower extremity 
pain (29). However, saline is commonly used as a sham 
intervention in other studies, such as the one by Cao, 
et al (30) which compared intradiscal corticosteroid 
injection to saline for discogenic LBP. In their study, 
neither pain intensity scores nor ODI scores showed 
improvement at 3 or 6 months following saline injec-
tion (30).

Conclusions

Our results suggest that percutaneous intradiscal 
hydrogel implantation may be an effective nonsurgical 
option for chronic discogenic pain. While the hydrogel 
group showed time-dependent improvements in pain 
intensity compared to the control group, this differ-
ence was not statistically significant. However, pain 
reduction in the hydrogel group continued to improve, 
with further gains observed at 12 months postproce-
dure. The significant improvement in PGIC highlights 
meaningful patient-perceived benefits, reflecting the 
treatment’s clinical relevance. Additionally, the Hydro-
gel Group showed a significant within-group reduction 
in disability, unlike the Control Group. Despite these 
encouraging results, the small sample size warrants 
larger randomized controlled trials to confirm the 
treatment’s efficacy.
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