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Abstract

Introduction: Exosomes, nanosized vesicles derived from various cellular sources, hold immense potential in modulating physiological processes and promoting 
tissue repair. Exosomes derived from amniotic fl uid show signifi cant promise in regenerative medicine and tissue repair. To our knowledge, there are no reported cases of 
reduction of chronic pain due to bone- and cartilage degeneration reported after exosome treatment.

Case presentation: Three male patients, all with chronic pain and reduced physical function due to bone- or cartilage degeneration all showed a remarkable reduction 
in pain and increase in function after one single injection of amniotic-derived exosomes.

Conclusion: These cases raise the hypothesis that amniotic-derived exosomes may be an effective intervention in the treatment of degenerative bone- and cartilage 
diseases. Especially in combination with other regenerative medicine interventions. Further research is required to test this theory.
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Introduction

Regenerative medicine, aimed at harnessing the body's 
innate ability to heal and repair tissues, has witnessed a 
surge in interest and research efforts in recent years. Central 
to this fi eld is the exploration of extracellular vesicles, 
particularly exosomes, as promising mediators of intercellular 
communication and tissue regeneration [1]. Exosomes, 
nanosized vesicles derived from various cellular sources, hold 
immense potential in modulating physiological processes and 
promoting tissue repair.

Exosomes derived from amniotic fl uid, have emerged as 
pivotal mediators in intercellular communication, holding 
signifi cant promise in regenerative medicine and tissue repair 
[2]. These lipid bilayer-enclosed vesicles carry a cargo of 
proteins, lipids, nucleic acids, and other bioactive molecules 
refl ective of their cell of origin. Their role in modulating 

physiological processes has garnered considerable attention in 
recent years.

Exosomes derived from amniotic fl uid are implicated 
in various cellular functions, including cell proliferation, 
differentiation, and immunomodulation [3]. They participate 
in cross-talk between different cell populations within the 
microenvironment, infl uencing cellular responses crucial 
for tissue homeostasis and regeneration. Studies have 
demonstrated that exosomes derived from amniotic fl uid 
possess potent pro-regenerative properties, promoting tissue 
repair and modulating infl ammatory responses [4].

Moreover, exosomes offer unique advantages over their 
parent cells in therapeutic applications, including enhanced 
stability, reduced immunogenicity, and the ability to traverse 
biological barriers [5]. Harnessing the regenerative potential 
of exosomes derived from amniotic fl uid holds promise for 
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developing novel therapeutic strategies for addressing various 
pathological conditions.

Several mechanisms underlie the therapeutic effects of 
exosomes derived from amniotic fl uid, including the transfer 
of bioactive molecules, modulation of signaling pathways, 
and regulation of immune responses [6]. Understanding the 
complex interplay between exosomes and recipient cells is 
crucial for optimizing their therapeutic effi cacy and translating 
them into clinical practice.

This case series highlights effects in joint healing previously 
unpublished where exosomes derived from amniotic fl uid 
promote tissue regeneration in bone and cartilage tissues.

Case presentations

Case 1

Our fi rst patient was a 32-year-old man who presented at 
the clinic with chronic hip pain and radiographically verifi ed 
osteoarthritis (OA) of the left hip joint. He had a history of 
Perthes disease and had undergone 5 surgical interventions over 
the years he presented symptoms typical for hip osteoarthritis 
such as restricted movement in fl exion, internal- as well as 
external rotation, and pain both at resting and while loading 
and weight-bearing. He is a professional basketball player, 
but at the time he came to the clinic, he was unable to play or 
exercise due to the pain and restrictions. He reported that his 
pain at exercising was 8 on the Verbal Rating Scale (VRS) and 
resting pain after professional basketball games in the last year 
was between 6-8 on the VRS scale. He was considering ending 
his professional career due to the pain.

Case 2

Our second patient was a 33-year-old man, he was a former 
professional ice hockey player but had to end his career 7 years 
earlier due to multiple lower back injuries with 4 separate disc 
hernias in the lower back and severely reduced disc space as 
a result. Since the injuries, he experienced constant chronic 
pain in the lower back every day with periods of sharper and 
stronger pain. He reported that his pain level was constantly 
between 3 and 7 on the VRS scale.

Case 3

Our third patient was a 54-year-old man with multiple 
injuries and chronic pain after a motocross injury 35 years 
earlier where he fractured a vertebra in the thoracic spine (Th 
4), his left shoulder had partial tears of the rotator cuff, his left 
hip had signs of earlier fracture and the left knee had severe 
medial osteoarthritis. Upon presentation he reported that he 
had chronic pain in his thoracic spine since the accident when 
he was 19, the spinal pain was always present while moving 
or exercising and it made many movements and strenuous 
activities diffi cult. Upon presentation at the clinic, he reported 
that his knee made him wake up between 5 and 10 times every 
night and if he walked approximately 3km he had swelling and 
pain for about a week after.

All three cases had different injuries and anamnesis and 
therefore received different treatments for their conditions, 
however, they all had chronic pain due to bone- or cartilage 
degeneration and they all received a single injection of amniotic 
fl uid-derived exosomes and experienced similar intriguing 
responses in terms of long-term symptom relief of chronic 
pain.

Materials and methods

Various types of autologous platelet concentration have 
been proposed to be used to treat osteoarthritis and cartilage 
defects. Some studies have indicated a positive effect on pain, 
function, and stiffness symptoms however, the effect of 
injected platelets in the injured joint might require multiple 
injections and no standard protocols exist [7]. 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 be extended from 2 weeks to 
greater than 4 months (ALB-PRF) [8].

The use of autologous mesenchymal stem cells harvested 
from the Stromal Vascular Fraction (SVF) has been used 
increasingly in the treatment of osteoarthritis with promising 
results in cartilage repair. The combination of autologous blood 
products such as PRF intra-articular has shown benefi cial 
effects for OA treatment [9].

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 [10,11]. Different routes of administration have been 
evaluated and the most common route in preclinical studies 
was the intravenous (IV) injection [12].

Preparation of PRF, ALB-PRF, SVF and exosomes

40ml blood was collected from the patients before each 
of the PRF injections. Four 10ml Plastic, round-bottomed 
vacuum tubes (Liquid PRF 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 2000xg for 8 min and 
a Heat-Coagulated Albumin Gel-PRF (ALB-PRF) protocol 
of 2000xg 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 utilization 
published by Miron, et al. in 2019 [13].

The PRF injections consisted of concentrated Platelet Rich 
Fibrin (C-PRF) [14] injection of 4ml, centrifuged at 2000×g for 
8 min. While ALB-PRF injections given were 5ml ALB-PRF, 
2000xg for 8 min on a horizontal centrifuge, the albumin layer 
was heated according to the ALB-PRF protocol; 75 degrees for 
10 min [15]. 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).
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The SVF preparation followed the MyStem™ system protocol 
(MyStem evo Bi-Medica, Treviolo, Italy). 80 ml of adipose 
tissue from the abdomen was harvested through liposuction 
and then added to the MyStem system, after fi ltration and 
wash cycles, the residual fl uid and oil were removed. 10 ml of 
the SVF suspension was extracted and prepared for injection.

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 
1 and 3 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. In case 2 all the extracellular 
matrix was diluted in Saline for intravenous injection.

Administration of PRF, ALB-PRF and SVF

The patients in both case 1 and case 3 underwent a series 
of intra-articular C-PRF, ALB-PRF injections, and one intra-
articular SVF injection in the osteoarthritic joints. In the fi rst 
week one intra-articular C-PRF injection two days before the 
SVF treatment followed by two intra-articular C-PRF injections 
in the following week spaced two days apart, fi nishing with 
one intra-articular ALB-PRF injection. The treated joins were 
instructed to avoid weight bearing for 5 weeks using crutches. 
All intra-articular joint injections were performed with 
ultrasound guidance to ensure needle placement inside the 
joint capsule.

Administration of the exosomes

In cases 1 and 3 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 [16]. In case 2, all 4 trillion 
exosomes were diluted in saline and injected intravenously 
with the IV-Push technique, no allergic or adverse reactions 
were observed after any of the injections.

Results

Case 1

6 months after the PRF, SVF, and exosome treatment of the 
hip. His fl exibility and pain levels had improved signifi cantly 
(Figure 1), and he was able to return to professional basketball 
where he is still currently active one year later. Radiographic 
pictures were taken to compare the status before- and after the 
treatment an increase of approximately 1.5-2 mm in the joint 
space was seen cranially (Figure 2).

Case 2

3 weeks after the intravenous exosome treatment, the 
patient reported that “all former back pain was gone”. 6 
months later he still reported that the back was completely 
pain-free. Situations and activities that usually caused pain 
for the last 7 years are now pain-free, he reported that he had 
been able to exercise and train in the gym on a level that was 
impossible since his injuries (Figure 3).

Case 3

1 month after the PRF, SVF, and exosome treatment the 
patient reported that he “hasn’t had any spinal pain for weeks” 
This was the fi rst time in 35 years that he didn’t experience 
pain in the area where his vertebra Th4 was fractured. 3 months 
and 6 months later he reported the same thing. He was able to 
exercise and move in ways that had been impossible because 
of the back pain for 35 years. His knee pain had also improved 
signifi cantly. Before the treatment, he reported that if he 
walked 3km he would experience swelling and pain for weeks 
after. 6 months after the treatment series he reported that he 
was able to walk 10km or more without any swelling or pain 
at all. He also reported that he hadn´t been woken up by pain 
in the knee at all for many months (Figure 5). A radiographic 
examination of the left knee was performed to evaluate the 
difference before- and after the treatment series. The former 
joint space narrowing on the medial side of the knee had now 
increased by approximately 2 mm (Figure 4).

Flexibility improvements in the left hip: 
Flexion from 90 deg. to 110 (22%)  
Int. rotation from 5 deg to 20 (300%)  
Ext. rotation from 35 deg. to 40 (14%) 
Pain Scores – Verbal Rating Scale (VRS)  
Before:   After: 
Loading pain (max) 8 Loading pain (max) 2 
Resting pain (max) 8 Resting pain (max) 0 

Figure 1: Flexibility and pain improvements before- and after the treatment series.

Figure 2: Radiographic pictures of the left hip taken before the SVF treatment and 
6 months after (screws seen from earlier surgeries mentioned above can be seen).

Figure 3: Diagram of the pain levels reported on the VRS-scale, before- and after the 
exosome treatment 1 month, 3 months, and 6 months after the treatment.
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Discussion

The cases presented herein describe a successful novel use 
of a combination of PRF, ALB-PRF, SVF, and amniotic-derived 
exosomes for osteoarthritis and a treatment with amniotic-
derived exosomes against chronic spinal pain and degeneration, 
thus providing us insight into an alternative intervention for 
patients where the standard conservative treatment has failed 
or as an option to surgical intervention.

SVF treatment alone or in combination with platelet 
injections has been studied and has seen a growing level of 
evidence for its use, especially for symptom alleviation in the 
short term for knee osteoarthritis [17]. In this case series, two 
individual cases of osteoarthritis showed an increase in joint 
space on radiographic pictures, and the reported pain levels 
drastically lowered within a month after treatment.

The use of exosomes has been proposed in both bone and 
tendon healing for their extraordinary regenerative potential, 
however, clinical data is still scarce and most studies focus on 
preclinical data [18]. Numerous studies have also focused on the 
regenerative potential exosomes have on cartilage [19,20]. In 
the cases in this study, amniotic-derived exosomes were used 

as an addition to SVF and PRF treatments with extraordinary 
results. However, the positive effects on chronic spinal pain 
in degenerative conditions in two of the reported cases were 
intriguing and showed a somewhat unexpected but highly 
positive result. 

The range of potential uses of the exosomes raises 
interesting regulatory questions and challenges. Although 
derived from cells and containing nucleic acids, exosomes 
will not be considered Advanced Therapy Medicinal Products 
(ATMPs) in Europe, unless they are used to deliver gene therapy 
or as a drug delivery vehicle [21].

Spinal injuries and degeneration of discs and vertebras 
have been proven to be diffi cult to effectively treat and hard to 
successfully cure. The risk of interventions such as injections 
or surgery on spinal injuries is higher than with peripheral 
joints and requires high specialization 

[22]. Mesenchymal-derived exosomes have been utilized 
as a stand-alone treatment of degenerative disc disease 
with positive results after administration of a single dose 
systemically, however, data is missing for multiple infusions 
[23]. In a recent study, the effects of different stem cell and 
exosome-based therapies on intervertebral disc disease were 
compared, and concluded that the initial effects from studies 
were promising however the dosage for a particular disease 
treatment is not determined, and individual reactions might be 
unpredictable [24].

The intravenous IV-Push injection of exosomes may be one 
minimally invasive way to treat spinal conditions in certain 
cases. The common denominator in the two successfully 
treated cases from this study was that they were old spinal 
injuries where chronic pain developed over time. This case 
series focused on the fi rst 6 to 12 months after the treatments, 
a longer follow-up time in future studies is desired and needed 
to evaluate and optimize the protocol. A larger patient group 
is also needed to further test the theories in full. However, the 
conditions in all three cases were chronic, treatment-resistant 
conditions, with little to no chances of spontaneous healing 
while presenting to the clinic and the positive results were 
signifi cant.

Exosome therapy is still in its infancy and the appropriate 
dosage and protocols are still to be determined. Exosomes are 
becoming a novel and promising cell-free therapeutic tool in 
multiple ongoing clinical studies and have demonstrated safety 
and potential effi cacy in a handful of reported clinical studies. 
On the other hand, exosomes face challenges regarding their 
clinical applications, such as product heterogeneity, uncertain 
clearance from the body, and long-term preservation stability. 
there is also an urgent need to standardize the therapeutic 
doses and route of administration [25]. Long-term effects 
are still unknown and especially if repeated or prolonged 
administration, remain poorly understood. Longitudinal studies 
tracking the fate of exosomes in vivo and monitoring for late-
onset adverse events are necessary to assess the long-term 
safety profi le of exosome therapy. Standardization and quality 
control of exosome isolation, purifi cation, and characterization 

Figure 4: Radiographic pictures from before- and 6 months after the PRF, SVF, and 
Exosome treatment, a visible increase in joint space can be seen on the medial side 
of the knee.

Figure 5: Diagram of the spinal pain levels reported on the VRS-scale, before- and 
after the exosome treatment 1 month, 3 months and 6 months after the treatment, 
similar pattern as seen in Case 2.
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are critical. Variability in isolation techniques, cell sources, and 
purifi cation methods can affect the composition and effi cacy 
of exosome preparations, potentially leading to inconsistent 
therapeutic outcomes or safety issues [26].

The cases in this study show a remarkable short-term effect 
on back pain and osteoarthritic pain, however, the long-term 
effects are still unsure due to the time limitation of the available 
data, future studies where the long-term effects and potential 
adverse effects might occur are warranted before a treatment 
protocol can be proposed. Also, the use of more standardized 
and validated measurement tools in future studies, such as 
Western Ontario and McMaster University Arthritis Index 
(WOMAC) [27] might be used to compare the results to other 
modalities and interventions previously published. 

One of the main advantages of exosome therapy is the 
minimally invasive approach, where the risks of a conventional 
intervention such as surgery can be avoided and at a relatively 
low cost in comparison, however, the outcome of surgeries 
with years of studies behind it is diffi cult to match with the 
uncertainty the exosome therapy effects present today.

Conclusion

In conclusion, based on the experience of this case series 
and a review of the current specialist literature, we advise that 
amniotic-derived exosomes may be an effective intervention 
in the treatment of degenerative bone- and cartilage diseases. 
Especially in combination with other regenerative medicine 
interventions. Further research is required to test this theory.
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