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Abstract
Introduction: Osteoarthritis (OA) of the knee is one of the most prevalent 
degenerative joint diseases worldwide, contributing to chronic pain, 
reduced mobility, and diminished quality of life. As the primary weight-
bearing joint, the knee is particularly susceptible to OA, especially in older 
adults and those with a history of joint injury or obesity. 

Hydrogels have garnered significant attention as a minimally invasive 
treatment option for knee OA. Hydrogels are water-rich, three-dimensional 
polymer networks that mimic the natural composition and function of 
cartilage, making them suitable for use as cushioning agents in the joint. 
A particular approach is the use of polyacrylamide hydrogel injections, 
which are non-biodegradable and designed to provide long-lasting pain 
relief by acting as a viscoelastic buffer within the joint. 

Case presentations: Four patients both male and female, all with chronic 
pain and reduced physical function due to osteoarthritis of the knee. All 
four showed a remarkable reduction in pain and increase in function after a 
combination of hydrogel and regenerative interventions such as stem cells, 
exosomes or platelet injections.

Conclusion: These cases raise the hypothesis that hydrogel has a 
promising function and pain reduction capacity, especially in combination 
with regenerative medicine interventions. Some indications show that 
hydrogel might work as a scaffold for other regenerative interventions. 
Further research is required to test this theory.

Keywords: PRF; ALB-PRF; Osteoarthritis; Regenerative medicine; 
Hydrogel; Arthrosamid

Abbreviations: OA: Osteoarthritis; PRF: Platelet Rich Fibrin; NSAIDs: 
nonsteroidal anti-inflammatory drugs; PPP: platelet-poor plasma; ALB-PRF: 
heat coagulated albumin-PRF; L-PRF: Liquid PRF; C-PRF: Concentrated 
PRF; NRS: Numerical Rating Scale.; WOMAC: Western Ontario and 
McMaster Universities Arthritis Index; IV: intravenously.

Introduction
Osteoarthritis (OA) of the knee is one of the most prevalent degenerative 

joint diseases worldwide, contributing to chronic pain, reduced mobility, and 
diminished quality of life. As the primary weight-bearing joint, the knee is 
particularly susceptible to OA, especially in older adults and those with a 
history of joint injury or obesity [1]. Conventional treatments for knee OA 
include nonsteroidal anti-inflammatory drugs (NSAIDs), corticosteroid 
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Case Presentations
Case 1

Our first patient was a 57-year-old man who presented 
at the clinic with prolonged intermittent inflammatory pain. 
He had received a stem cell and platelet rich fibrin (PRF) 
treatment two years earlier, and even though the radiographic 
pictures showed significant healing he was still struggling 
with pain and swelling of the knee, especially after strenuous 
activity such as padel or tennis that he used to play. He 
reported that he experienced pain between 5 and 7 on the 
numerical rating scale (NRS) daily. His total Western Ontario 
and McMaster Universities Arthritis Index (WOMAC) score 
was 33 on the day of treatment.

Case 2
Our second patient was a 32-year-old woman with 

daily problems of swelling and pain of the knee, she had 
gone through a PRF-treatment series 1 year earlier and was 
feeling better, but still had problems with swelling and pain 
even after low impact activities such as power walking and 
reported that her pain level was constantly between 2 and 4 
on the NRS scale. 

Her total WOMAC score was 35 on the day of treatment.

Case 3
Our third patient was a 57-year-old woman with a history 

of chronic pain in her knee with rather moderate osteoarthritis 
according to radiographic pictures. She experienced pain 
at nighttime and swelling after exercise activities such as 
golf and padel that she had to quit before she presented at 
the clinic. She reported a pain level between 1 and 6 on the 
NRS scale and her total WOMAC score was 24 on the day of 
treatment.

Case 4
Our fourth patient was a 46-year-old man with chronic 

pain since many years, he had experienced an increase 
in inflammatory symptoms with pain and swelling after 
physical activities in the last year. He reported a pain of 3-7 
on the NRS scale and his total WOMAC score on the day of 
treatment was 34.

All four cases had similar injuries and anamnesis, two of 
the patients had received prior treatment with regenerative 
interventions such as stem cells or platelet injections. The 
other two had similar symptoms and injuries to the cartilage 
of the knee but had not received any biological treatment 
prior to the hydrogel treatment. The first two cases received 
hydrogel treatments for their conditions, the last two cases 
received a combined treatment of platelets, exosomes 
and hydrogel. All four patients received a combination of 
treatments including biological regenerative interventions 
combined with hydrogel, but with different time frames.

injections, and physical therapy, which primarily focus on 
symptom management without effectively slowing disease 
progression [2]. These limitations drive the need for advanced 
treatments, such as biomaterial-based interventions, that offer 
not only symptom relief but also the potential for long-term 
joint preservation.

Hydrogels have garnered significant attention as a 
minimally invasive treatment option for knee OA. Hydrogels 
are water-rich, three-dimensional polymer networks that 
mimic the natural composition and function of cartilage, 
making them suitable for use as cushioning agents in the 
joint [3]. A particular approach is the use of polyacrylamide 
hydrogel injections, which are non-biodegradable and 
designed to provide long-lasting pain relief by acting as a 
viscoelastic buffer within the joint. This type of hydrogel is 
unique in its structure and mechanical properties, allowing 
it to integrate with the joint environment without rapid 
degradation or the need for frequent reinjections [4].

The mechanism of action of polyacrylamide hydrogels 
is both mechanical and biological. Mechanically, the 
hydrogel acts as a shock absorber, redistributing forces 
across the joint and alleviating stress on worn cartilage, 
which can reduce pain and preserve function [5]. Its durable 
nature allows it to remain in the joint for an extended 
period, thus providing sustained relief from OA symptoms. 
Biologically, polyacrylamide hydrogels have been shown 
to interact minimally with surrounding tissues, reducing the 
inflammatory response often associated with other injectable 
materials [6]. This low inflammatory profile, combined with 
the hydrogel’s cushioning effect, positions polyacrylamide 
hydrogel injections as a promising alternative to standard 
treatments for knee OA.

In recent studies, patients receiving polyacrylamide 
hydrogel injections reported improvements in pain, mobility, 
and overall joint function, with some findings suggesting a 
reduced need for more invasive procedures, such as knee 
replacement [7]. However, while polyacrylamide hydrogels 
hold promise, further research is needed to establish long-
term efficacy, optimal dosing, and potential side effects and 
the positive effects are typically seen only in early stages of 
OA [8]. Additionally, as regulatory approval processes for 
new biomaterials can be complex, the widespread clinical 
adoption of these treatments may require further refinement 
and validation.

This case-series study presents unique data indicating a 
synergistic effect of regenerative interventions combined 
with the beforementioned polyacrylamide hydrogel that 
might increase the effectiveness even in cases of more 
advanced osteoarthritis where hydrogel usually have fewer 
positive results.
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Materials and Method
Various types of autologous platelet concentrations 

and injection types have been proposed to be used to treat 
osteoarthritis and cartilage defects. Prior studies from our 
clinic have indicated a positive effect on pain, function and 
stiffness symptoms. Especially where a combination of 
techniques was used [9,10]. One way of extending the effect 
of the injected platelets is to heat a liquid platelet-poor plasma 
(PPP) layer, the resorption properties of heated albumin 
(albumin gel) can thereby be extended from 2 weeks to more 
than 4 months (ALB-PRF) [11].

Exosomes derived from stem cells can recapitulate the 
potential of their parent cells and have therefore been proposed 
as a substitute for cell therapy to achieve a cell-free therapy 
option [12,13]. Different routes of administration have been 
evaluated and the most common route in preclinical studies 
was the intravenous (IV) injection [14].

Preparation of PRF, ALB-PRF and exosomes
40ml blood was collected from the patients before each 

of the PRF injections. Four 10ml Plastic, round-bottomed 
vacuum tubes were used to collect the blood, after collection 
the tubes were spun on a horizontal swing-out bucket rotors 
centrifuge system. Two PRF protocols were utilized in the 
treatment in this case series including a Concentrated-PRF 
(C-PRF) protocol of 2000×g for 8 min and a Heat-Coagulated 
Albumin Gel -PRF (ALB-PRF) protocol of 2000×g for 8 
min followed by a heating and cooling down process before 
injection was performed. The two protocols were utilized 
following international guidelines for PRF preparation 
published by Miron et al. in 2019 [15].

The PRF injections consisted of concentrated Platelet 
Rich Fibrin (C-PRF) [16] injection of 4ml, centrifuged at 
2000×g for 8 min. While ALB-PRF injections given were 
5ml ALB-PRF, 2000×g for 8 min on a horizontal centrifuge, 
the albumin layer was heated according to the ALB-PRF 
protocol; 75 degrees for 10 min [17]. In the last step, the 
heat- coagulated albumin gel was cooled down to room 
temperature and mixed with the remaining C-PRF to create 
ALB-PRF. The centrifuge utilized in all PRF treatments was 
the Bio-PRF horizontal centrifuge (Bio-PRF, USA).

The Exosomes used were 4 trillion amniotic derived 
exosomes in a 1,5ml extracellular matrix (The center for 
Regenerative Medicine Laboratories, Miami, USA), in case 
3 and 4 half of the matrix was diluted with 5 ml Saline for 
intravenous injection, while the other half was combined with 
PRF for intra-articular injection. 

Administration of polyacrylamide hydrogel
In all 4 cases six 1 ml polyacrylamide hydrogel syringes 

of Arthrosamid™ (Contura international A/S, Soeborg, 
Denmark) were injected intraarticularly into the affected 

knees using the lateral suprapatellar portal with a 18G, 50mm 
cannula using ultrasonic guidance. The injection area was 
anaesthetized with 2ml of lidocaine 20mg/ml. One hour prior 
to the injections 750mg of Flucloxacillin were given orally.

In case 3 and 4 the polyacrylamide hydrogel was injected 
first following the same protocol as described above, PRF 
combined with exosomes was injected directly after using a 
3-way luer lok connector.

Administration of PRF and ALB-PRF
The patients in both case 3 and case 4 underwent a series 

of intra-articular C-PRF and ALB-PRF injections in the 
osteoarthritic joints. The first injection was combined with 
the hydrogel as described before, after one week one more 
intra-articular injection of the ALB-PRF type was performed. 
All intra-articular joint injections were performed with 
ultrasound guidance to ensure needle placement inside the 
joint capsule.

Administration of the exosomes
In case 3 and 4 the exosomes were divided in half, where 

half of the injection was intra-articular in the osteoarthritic 
joint combined with a C-PRF injection and half of the 
exosomes were diluted in saline for a systemic injection 
intravenously (IV) using the IV-Push technique [18]. no 
allergic or adverse reactions were observed after any of the 
injections.

Instruments
The Western Ontario and McMaster Universities Arthritis 

Index (WOMAC) instrument evaluates three dimensions 
(pain, stiffness, and physical function) it uses 24 items: 
pain (5), stiffness (2) and physical function (17) items. It 
produces three subscale scores, one for each dimension, and 
a total index score [19]. The WOMAC version used in this 
study uses a scale of 0–4, with lower scores indicating lower 
levels of symptoms or physical disability. Each subscale 
is summarized to a maximum score of 20, 8, and 68 score 
points, for pain, stiffness and physical function respectively. 
WOMAC total index score or global score is usually calculated 
by summarizing the scores for the 3 dimensions [20]. The 
questionnaire is self-administered and takes approximately 
5–10 min to complete.

Results
Case 1

6 months after the hydrogel-treatment he reported that he 
experienced pain between 0 and 1 on the numerical rating 
scale (NRS) daily. His total WOMAC score was 8 at the 
6-month mark. He reported that he was not bothered anymore 
when exercising, he was back to playing padel and tennis 
and reported that his pain and function didn’t affect his life 
anymore.
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Figure 1: Changes in NRS-score, from 6 to 0.5 (91%) and total WOMAC score, from 33 to 8 (75%) 6 months after the treatment.

 
Figure 2: Changes in NRS-score, from 3 to 0. (100%) and total WOMAC score, from 35 to 2 (94%) 6 months after the treatment.

 
Figure 3: Changes in NRS-score, from 3 to 1 (67%) and total WOMAC score, from 35 to 2 (88%) 6 months after the treatment.

Case 2
6 months after the hydrogel-treatment, the patient reported that “all former swelling of the knee was gone”. Training activities 

were no longer causing problems, and she reported that she “experienced no pain at all” on the NRS scale in her daily life. Her 
total WOMAC score was 2, 6 months after the treatment.

Case 3
6 months after the PRF, exosomes and hydrogel treatment she reported that she hadn’t experienced any pain after exercise, 

she was back to her former sporting activities golf and padel and reported that she was pain free during the night and sleep. She 
reported an average pain of 1 on the NRS scale and her total WOMAC score was 3 at the 6-month follow-up visit. 
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Case 4
At the 6-month follow-up visit our fourth patient reported 

that he was virtually pain free after physical activities and 
all his former swelling was gone. His total WOMAC score 

changed from 34 to 4. Case 3 and 4 were the first time in 
Europe that patients received a combined treatment of 
Hydrogel, PRF and exosomes at the same time instead of 
going through a staged approach of treatment reported in the 
first two cases in this case series.

Discussion
The use of hydrogels as adjunctive or combination therapy 

with biologic treatments, such as stem cell and platelet-rich 
fibrin injections, is an emerging area of interest in managing 
knee osteoarthritis. While stem cell and PRF injections aim 
to promote tissue repair and regeneration through cellular 
and growth factor delivery, polyacrylamide hydrogels offer 
an opportunity to enhance these effects by acting as a scaffold 
that sustains and stabilizes the injected cells and growth 
factors [21]. When used in combination, hydrogels can 
provide a more supportive microenvironment that encourages 
cellular attachment, proliferation, and matrix deposition, 
thereby potentially improving the therapeutic outcomes [22].

Polyacrylamide hydrogels can be engineered to have 
properties that complement biologic therapies. For instance, 
their high-water content and viscoelastic properties allow 
them to act as a cushioning material, which is beneficial for 
stabilizing the knee joint while allowing gradual cellular and 
tissue integration [23]. Hydrogels may prolong the residence 
time of stem cells or platelets in the joint, which could lead 
to more sustained release of anti-inflammatory factors and 
growth factors, enhancing the regenerative response [24,25].

Early clinical studies have demonstrated the benefit of 
combining hydrogels with platelet concentrate-injections 
in cartilage regeneration. PRF is rich in growth factors that 
stimulate chondrocyte proliferation and extracellular matrix 
synthesis and pairing it with a hydrogel scaffold can maintain 
PRF within the joint for longer periods, potentially leading 
to improved cartilage repair and reduced degradation rates 
[26,27]. Similarly, in stem cell therapy, polyacrylamide 
hydrogels may serve as a protective and supportive matrix 

 
Figure 4: Changes in NRS-score, from 5 to 0 (100%) and total WOMAC score, from 35 to 2 (94%) 6 months after the treatment.

for stem cells, which are often susceptible to degradation 
and migration out of the target area when injected alone (as 
a matter of fact a majority of stem cells die within days after 
an intraarticular injection if injected without a membrane or 
a scaffold) [28]. This scaffold approach could aid in directing 
cell behavior, providing biochemical and mechanical cues 
that foster differentiation toward chondrogenic pathways and 
enhance cell viability [29,30].

Moreover, using hydrogels as a scaffold in combination 
treatments aligns with recent trends in tissue engineering, 
which emphasize the importance of a supportive matrix to 
encourage the regenerative potential of biological therapies. 
Such scaffolds not only create a microenvironment that 
supports cell growth but also offer controlled degradation and 
release profiles tailored to deliver cells and growth factors 
over extended durations [31]. The result could be a more 
effective, sustained healing response in the joint, reducing 
symptoms and delaying the progression of osteoarthritis [32].

To our knowledge, until this date no prior studies have 
been published on the combination of intraarticular injections 
of exosomes and polyacrylamide hydrogels in combination, 
our initial ultrasound examinations indicate a much faster 
regeneration compared to treatments with only stem cells 
or PRF, the patients also reported an improvement in pain 
symptoms faster than they would without the combination. 
The limitations of this small study prevented us from going 
into detail on this matter, larger more thorough studies on this 
combination with more measurable data would be helpful to 
further investigate this initial indication.

Despite the promising applications, further research 
is needed to determine optimal formulations, dosing, 
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and delivery techniques for hydrogel-based combination 
therapies. Long-term studies on efficacy, safety, and 
potential adverse effects are essential before such treatments 
can become widely adopted in clinical practice. As this 
field evolves, polyacrylamide hydrogels may serve as a 
foundational component in the next generation of biologic-
based joint therapies.

In our clinic more than 20 treatments with a combination 
of hydrogel, autologous stem cells and exosome injections 
have been performed in the last 4 months prior to the 
publication with promising results. The proposed scaffold-
effect of the hydrogel is currently being evaluated and tested, 
a retrospective study on a larger patient group is being 
conducted presently with the hope that a larger portion of the 
injected stem cells survive after intraarticular injection.

Conclusion
In conclusion, based on the experience of this case series 

and a review of the current specialist literature, we advise that 
polyacrylamide hydrogel may be an effective intervention in 
the treatment of knee osteoarthritis. Especially in combination 
with other regenerative medicine interventions. Further 
research is required to test this theory.
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