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Abstract 

Introduction: Intra articular injections of platelet rich plasma (PRP) and adipose-derived mesenchymal stem cells (AD-

MSCs) have individually shown potential benefit in the treatment of intraarticular pathology of the knee, hip and 

shoulder. However, outcomes data is sparse in regards to PRP and AD-MSCs injected in the same setting. The purpose of 

this study is to assess the midterm clinical outcomes and safety profile of intraarticular injection of PRP and AD-MSCs 

into arthritic hips, knees and shoulders. 

Methods: After IRB approval, a retrospective chart review identified 50 patients who had received intraarticular 

injection of PRP and AD-MSCs into their hip, knee or shoulder for intraarticular pathology. Clinical outcomes including 

the need for further injections, progression to surgery and any adverse effects were collected. Patient reported outcomes 

scores and patient satisfaction were collected at average 2-year follow-up for 39/50 patients (78%).  

Results: Clinical outcomes were favorable at 2-year follow-up. Approximately 70% of people were satisfied with the 

results of their treatment overall. Only 4% of patients progressed to repeat PRP and AD-MSC injection into the joint of 

interest while 21% of patients progressed to surgery. There were no significant adverse events encountered during the 2-

year period. Median improvement in clinical outcome scores was above the minimally clinically important difference.  

Conclusion: Intraarticular injections of PRP and AD-MSCs into hips, knees and shoulders are safe and have a low rate of 

progression to further surgery or repeat injection at 2-year follow-up. Improvement in clinical outcome scores and high 

patient satisfaction were demonstrated at 2-year follow-up.  
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Introduction 

Musculoskeletal disorders are among the most 
prevalent chronic conditions and a leading cause of global 
disability and pain [1,2]. Osteoarthritis and degenerative 
intraarticular soft tissue injuries such as rotator cuff and 
meniscal tears make up a large proportion of these 
disorders, causing significant morbidity and economic 
burden. As such, it is imperative to find effective 
treatments for these intraarticular disorders. Currently, 
non-operative treatments such as lifestyle modification, 
NSAIDs, intraarticular corticosteroid injections and 
physical therapy seek to mitigate the symptoms of these 
diseases but do not necessarily halt progression. Surgery 
may be warranted if symptoms become severe. 
Intraarticular injection of orthobiologics including 
platelet rich plasma (PRP) and mesenchymal stem cells 
(MSCs) represent another treatment option that can aim 
to both improve symptoms associated with intraarticular 
pathologies as well as promote regeneration of damaged 
tissues. PRP contains many growth factors that have 
important roles in wound healing and tissue regeneration. 
Intraarticular PRP injection has been shown to be helpful 
in cartilage regeneration and attenuates arthritis in 
animal models [3,4].  

 
Research has shown that MSCs have the ability to 

differentiate into osteocytes, adipocytes, myocytes and 
chondrocytes [5-7]. In addition, MSCs possess powerful 
immunosuppressive and anti-inflammatory functions in 
the intraarticular environment [6,7]. Autologous stem 
cells can be derived from bone marrow, adipose tissue 
and the umbilical cord, among other sources. In the 
current regulatory environment only minimally 
manipulated MSCs can be administered at the time of 
acquisition, making stem cells acquired from bone 
marrow and adipose tissue the most commonly used [8]. 
Studies have shown similar chondrogenic potential 
between adipose-derived and bone marrow-derived MSCs 
[9].  

 
Multiple animal and human studies have been 

performed in order to research the role of autologous 
MSCs in the treatment of osteoarthritis and intraarticular 
soft tissue defects. The vast majority of AD-MSCs research 
has centered around the role of in the treatment of knee 
osteoarthritis. Several studies have shown a favorable 
safety profile and good clinical outcomes at short to 
medium term follow-up, with improvements in pain and 
patient-reported outcome scores [10-15]. The majority of 
these injections were performed in a surgical setting 
rather than the office setting. There have been a smaller 

number of studies researching the role of autologous 
MSCs in the treatment of hip or shoulder pathology. In 
regards to shoulder, the majority of research has 
surrounded the use of autologous MSCs for treatment of 
rotator cuff pathology rather than glenohumeral arthritis. 
One study showed that autologous MSCs may help 
improve re-tear rates used as an adjunct along with 
rotator cuff repair [16]. Another study showed 
improvements in pain and function as well as evidence of 
tendon regeneration when autologous MSCs were used as 
a standalone treatment of rotator cuff tears [17]. 
Autologous MSCs have also been shown to be effective in 
reducing pain and improving function in patients with hip 
osteoarthritis [18,19].  

 
Van Pham et al showed that PRP with MSCs improved 

healing of injured cartilage in a murine model compared 
to MSCs alone [20]. This study demonstrated that PRP 
promoted MSCs proliferation and differentiation into 
chondrogenic cells and increased expression of collagen 
11, Sox 9 and aggrecan. Also, PRP inhibited expression of 
the angiogenic factor vascular endothelial growth factor 
[20].  

 
As detailed above, the majority of clinical research 

surrounding autologous MSCs has looked at their 
effectiveness in the treatment knee osteoarthritis and has 
been performed in the surgical setting. Our study is 
unique in that both PRP and MSCs were injected in the 
same setting and for a variety of joints and pathologies. In 
this study, intraarticular injections of PRP and AD-MSCs 
were performed in the office into the shoulder, hip and 
knee joints. Pathology included osteoarthritis, rotator cuff 
tears, tendinitis, meniscus tears and labral tears. The aim 
of the study was to evaluate the safety profile and patient-
reported outcomes of office-based intraarticular 
injections of PRP and AD-MSCs into the shoulder, hip and 
knee.  
  

Methods 

This is a retrospective cohort study of platelet rich 
plasma and mesenchymal stem cells delivered by intra-
articular injection into the knee, hip and shoulder. Fifty 
patients between the ages of 18 and 81 who received a 
PRP injection and AD-MSC injection into the knee, hip or 
shoulder for intraarticular pathology were included in the 
study. Intraarticular pathology included osteoarthritis, 
tendon tears, tendinitis, meniscal tears and labral tears. 
Only patients with at least one year follow up were 
included in the study. The data that support the findings 
of this study are available on request from the 
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corresponding author. The data are not publicly available 
due to privacy or ethical restrictions. Study data were 
collected and managed using REDCap electronic data 
capture tools hosted at Duke University [21].  

 
Injections were performed by one physician who has 

done over 20,000 ultrasound-guided intraarticular 
injections and was trained by plastic surgeons to perform 
simple lipoaspirations. The Harvest AdiPrep Adipose 
Concentration System and the Harvest Platelet 
Concentration System (Terumo BCT, Lakewood, CO) were 
used. After the risks and benefits of the procedure were 
explained, written consent was given, and time-out was 
performed. First, the PRP harvest was performed by 
drawing 60 cubic centimeters of blood from the 
antecubital fossa. This was spun in the Harvest centrifuge 
for 14 minutes to obtain 8-10cubic centimeters of platelet 
rich plasma.  

 
The patient was then prepped and carefully positioned 

on the table. An area on the patient’s flank and buttocks 
was then prepped with and surgical prep solution of 
chlorhexidine and was anesthetized with 5 milliliters of 
1% lidocaine using the 25 gauge 1-1/2 inch needle. An 
#11 blade was then introduced to create a track down to 
the fat graft. The tumescence solution (mixture of 500 
cubic centimeters of normal saline, 50 cubic centimeters 
of 2% lidocaine with 1 cubic centimeter of epinephrine 
1:1000) was injected into the area for fat grafting. This 
area was then allowed to rest for 12 minutes. Then 
approximately 30 cubic centimeters of fat graft was 
removed through a cannula on a 30cc syringe applying 
suction. The 30cc of lipoaspirate was then placed in the 

harvest centrifuge spun for 4 minutes. The knee, shoulder 
or hip was then injected with the harvested PRP and 
lipoaspiration of MSCs under ultrasound guidance. 
Routine orthopedic post-injection instructions were 
given. 

 
Patient-reported outcomes were obtained over the 

phone at least one year following injection and at an 
average of nearly two years. Data collected include 
patient satisfaction, VAS pain, HOOS Jr for patients with 
hip pathology, KOOS Jr for patients with knee pathology 
and ASES for patients with shoulder pathology. Patients 
were also asked about any side effects from the injections; 
whether they had any further injections into the joint of 
interest and whether they went on to have surgery on the 
joint of interest. Need for further injections were also 
corroborated through chart review so as to not miss any 
repeat injections due to recall bias.  
 

Results 

The mean age of the patients in this study was 54. 
Thirty patients received the intraarticular injection into 
the knee, 12 patients received the injection into the 
shoulder and 8 received the injection into the hip. Table 1 
includes demographic information for the cohort broken 
down by the joint injected. Complete outcomes data was 
obtained in 78% of the entire cohort, with 88% of the hip 
patients having complete follow-up, 83% of knee patients, 
and 58% of shoulder patients. Median time to final follow-
up was 692 days for the cohort. 

 
Demographic Information Hip Knee Shoulder All joints 

Number of patients 8 30 12 50 
Patients with complete follow-up 7 (88%) 25 (83%) 9 (75%) 41 (82%) 

Median follow-up (years) 1.9 2 1.7 1.9 

Table 1: Demographic info broken down by joint injected. 
 

Clinical Outcomes 

The PRP and AD-MSC injections in the same setting 
were found to be safe, with no severe adverse events and 
only low rates of minor adverse events. There were no 
deaths and no severe adverse events including infection 
or numbness encountered during the study period. Only 
minor adverse events were reported at an overall rate of 
26%. These included 1 skin reaction (2%), 3 bruises (6%) 
and 9 instances of transient swelling (18%). Less than half 
of the patients (46%) experienced any pain from the 
injection.  

Similarly, the rates of repeat injection or progression 
to surgery were low in this study. 31% of patients had an 
additional injection into the joint of interest during the 
study period, with the majority of these being 
corticosteroid injections (27%) and only 4% of patients 
having repeat PRP and AD-MSC injection. 21% of patients 
progressed to surgery on the joint which had received the 
PRP and AD-MSC intraarticular injection. Surgery was 
joint replacement in 50% of the overall cohort, however 
there were differences depending on the joint involved. 
100% of surgeries on the hip (1/1) or shoulder (2/2) 
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were joint replacement, while only 20% (1/5) of knee 
surgeries were joint replacement.  
 

Patient-Reported Outcomes 

Patient-reported outcomes were favorable at 2-year 
follow-up (Table 2). VAS pain scores improved from a 
median of 7.0 before injection to 2.5 at final follow-up. 
VAS pain scores improved an average of 6 points for the 
knee, 5 points for the hip and 2 points for the shoulder. 
Median outcome scores as measured by HOOS Jr, KOOS Jr 

and ASES improved from 51.2 before injection to 76.3 at 
final follow-up. Similar improvements were seen in the 
knee (52.5 to 76.3) and hip (57.3 to 76.8), with larger 
improvements seen in the shoulder (36.7 to 71.7). Of 
note, patients reported either the same or increased 
activity at final follow-up compared to activity levels 
before injection, indicating that improvements in pain and 
functional outcome scores were not secondary to 
decreased activity.  

 
Patient-reported Outcome Hip Knee Shoulder All joints 

Patient Satisfaction 71% 68% 66% 68% 
Pre-injection VAS pain 8 8 7 7 
Post-injection VAS pain 3 2 4 2.5 

Pre-injection outcome score (HOOS Jr, KOOS Jr, ASES) 57.3 52.5 36.7 51.2 
Post-injection outcome score (HOOS Jr, KOOS Jr, ASES) 76.8 76.3 71.7 76.3 

Table 2: Patient-Reported Outcomes at 2-year follow-up. 
 

Overall, 69% of patients were satisfied with the results 
of their treatment, with 38% being very satisfied and 31% 
being somewhat satisfied. Rates of overall satisfaction 
were similar between the knee, hip and shoulder joints. 
68% of patients were satisfied with the treatment’s ability 
to improve their pain, with 51% of patients being very 
satisfied. 68% of patients were satisfied with the results 
of the treatment in improving their ability to do home or 
yard work, while 69% of patients reported satisfaction 
with their improvement in ability to do recreational 
activities. 
 

Discussion 

This study reports that intraarticular injection of PRP 
and AD-MSCs into hips, knees and shoulders for 
intraarticular pathology is a safe treatment that can be 
performed in the office. The procedure is associated with 
low rates of progression to surgery and improvement in 
patient-reported outcomes in medium-term follow-up. In 
this study, there were no severe adverse reactions to the 
injection and only a 26% rate of minor adverse effects 
including transient swelling, bruising and skin reaction. 
There were also low rates of additional injection (31%) 
and progression to surgery (21%). 69% of patients were 
satisfied with the results of their treatment, and there 
were improvements in VAS pain scores as well as patient-
reported outcome scores for all joints involved.  

 
This study is unique in that PRP and adipose-derived 

MSCs were injected in the same setting. These 

orthobiologics are often injected separately, likely since 
injecting them simultaneously takes more time, costs 
more money for kits and the FDA regulates that they may 
only be minimally manipulated. Animal models have 
shown that injecting PRP and AD-MSCs together can have 
synergistic beneficial effects. This is one of the first 
studies showing that injecting them simultaneously in 
humans can be safe and effective in treating osteoarthritis 
and other soft tissue pathology of the shoulder, hip and 
knee.  

 
There are some limitations to this study. First, patient-

reported outcomes were obtained retrospectively which 
introduces recall bias. Recall bias could potentially impact 
the change in outcome scores before and after the 
injection. However, even if this were true it is important 
to note that patients did feel as if their symptoms and 
function improved after the injection. Second, the patient 
population was heterogenous and there were no controls 
included in the study. This makes it difficult to draw 
scientific conclusions on the effectiveness of PRP and AD-
MSCs because they were used to treat several entities. 
However, it was our goal to evaluate the use of PRP and 
AD-MSCs in the same clinic setting and it is our belief that 
this research demonstrates that this treatment is safe, 
results in a low progression to surgery or repeat injection 
in the medium-term, and that patients believe that it helps 
their symptoms. This is valuable information for 
practitioners running a clinical practice. A larger 
randomized controlled trial is necessary to further 
evaluate the effect of the combination of PRP and AD-
MSCs as a treatment for various intraarticular pathologies 
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of the shoulder, hip and knee. Last, there were no 
objective measures such as structural evaluations via 
ultrasound or MRI. This objective data would be useful in 
order to correlate any potential objective changes with 
patients’ subjective improvements.  

 
In summary, we demonstrated that intraarticular 

injection of PRP and AD-MSCs can be performed in the 
same office setting into the shoulder, hip and knee joints 
for a variety of pathologies and with a favorable safety 
profile. The treatment resulted in high satisfaction rates, 
low rates of progression to repeat injection or surgery, 
and improvement in patient-reported outcomes over a 2-
year period. Further studies are needed in order to fully 
elucidate the role of the combination of PRP and AD-MSCs 
in the treatment of intraarticular pathology.  
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