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ABSTRACT

Background: Tendon and cartilage injuries present significant treatment
challenges due to their poor intrinsic healing capacity. Orthobiologic therapies,
such as Platelet-Rich Plasma (PRP) and Bone Marrow Concentrate (BMC),
have emerged as minimally invasive alternatives to surgical intervention,
offering regenerative potential via concentrated growth factors and cellular
components. However, comparative clinical evidence between PRP and BMC
in real-world settings remains limited. Materials and Methods: This
retrospective cohort study was conducted at a high-volume ambulatory
orthopaedic practice and included 115 adult patients (PRP group: n=60; BMC
group: n=55) treated between January 2020 and December 2023 for diagnosed
tendon or cartilage injuries. Patients were selected based on clinical and imaging
criteria and had received either PRP or BMC injections. Outcome measures
included the Visual Analog Scale (VAS) for pain and joint-specific functional
scores (IKDC, ASES, or WOMAC) assessed at baseline, 3, 6, and 12 months
post-treatment. Adverse events were recorded. Data were analyzed using t-tests,
Chi-square, and repeated measures ANOVA with significance set at p<0.05.
Result: Both groups demonstrated significant improvements in pain and
function from baseline to 12 months (p<0.01). The BMC group showed greater
improvements in VAS (mean reduction: 5.5 vs. 5.1) and functional scores (mean
increase: 34.5 vs. 30.8) at 12 months, with statistically significant between-
group differences (p=0.02 for function, p=0.04 for pain). Complication rates
were low and comparable between groups. Conclusion: Both PRP and BMC
are effective orthobiologic treatments for tendon and cartilage injuries.
However, BMC may offer superior long-term outcomes, especially in cartilage-
dominant pathologies. These findings support the selective use of orthobiologics
based on tissue type and clinical goals.

INTRODUCTION

Tendon and cartilage injuries are among the most
challenging musculoskeletal conditions to treat due
to the limited regenerative capacity of these tissues.
Cartilage, being avascular, aneural, and alymphatic,
has a poor intrinsic healing response, making focal
chondral defects and degenerative lesions difficult to
manage  conservatively.  Similarly, tendons,
particularly when chronically degenerated, exhibit
limited cellularity and vascularity, which impairs the

natural healing cascade and predisposes them to
incomplete repair or recurrent injuries.

In recent years, orthobiologic treatments such as
Platelet-Rich Plasma (PRP) and Bone Marrow
Concentrate (BMC) have gained prominence as
minimally invasive options that may enhance tissue
regeneration through the delivery of growth factors
and stem cells directly to the site of injury. PRP is an
autologous blood derivative containing a high
concentration of platelets suspended in a small
volume of plasma. These platelets release a host of
biologically active proteins, including platelet-
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derived growth factor (PDGF), transforming growth
factor-p (TGF-B), and vascular endothelial growth
factor (VEGF), which are believed to promote tissue
repair and modulate inflammation.'?! BMC, on the
other hand, contains not only platelets and growth
factors but also a population of mesenchymal stem
cells (MSCs) capable of differentiating into tendon or
cartilage lineage cells and supporting regenerative
processes.]

Basic science research has demonstrated that PRP
can enhance chondrocyte proliferation, increase
extracellular matrix production, and stimulate gene
expression related to tendon healing. Similarly,
BMC has been shown to promote angiogenesis,
reduce fibrosis, and provide a scaffold for cellular
repopulation in injured tendon and cartilage tissue.®
Clinical studies in orthopaedics have explored the use
of these biologics in conditions such as osteoarthritis,
rotator cuff tears, Achilles tendinopathy, and
chondral defects of the knee, with varying degrees of
success.[”8]  However, the literature remains
heterogeneous with respect to preparation methods,
concentrations, indications, and outcome measures,
making direct comparisons difficult.[’

The rationale for this study arises from the growing
use of both PRP and BMC in outpatient orthopaedic
settings, coupled with the absence of high-quality
comparative data. While both modalities are widely
marketed and utilized, clinicians lack robust evidence
to guide the selection between PRP and BMC for
specific musculoskeletal pathologies. Additionally,
cost, invasiveness, and regulatory considerations
differ significantly between the two, further
emphasizing the need for comparative effectiveness
research. This retrospective cohort study aims to
address this gap by evaluating the clinical outcomes
of PRP versus BMC in the treatment of tendon and
cartilage injuries within a real-world ambulatory
orthopaedic practice.

MATERIALS AND METHODS

This retrospective cohort study was conducted at a
high-volume ambulatory orthopaedic center and
involved patients treated between January 2020 and
December 2023 for clinically and radiologically
diagnosed tendon or cartilage injuries. Eligible
participants included adults aged 18 years or older
who had received either Platelet-Rich Plasma (PRP)
or Bone Marrow Concentrate (BMC) injections as
primary orthobiologic intervention. Exclusion
criteria comprised patients with previous surgical
procedures at the site of injury, known systemic
inflammatory conditions (e.g., theumatoid arthritis),
coagulopathies, malignancies, or incomplete medical
records. All patient data were retrieved from the
institution’s electronic medical records and imaging
databases, with ethical approval obtained prior to
data extraction.

The cohort was stratified into two groups based on
the treatment modality received: PRP or BMC.
Baseline demographic data (age, sex, BMI, activity
level), injury characteristics (site, chronicity, imaging
findings), and treatment protocols (volume injected,
number of sessions, preparation methods) were
recorded. Outcomes were assessed using the Visual
Analog Scale (VAS) for pain and validated functional
scores specific to the joint involved, such as the
International Knee Documentation Committee
(IKDC) score for knees and the American Shoulder
and Elbow Surgeons (ASES) score for shoulders.
These were evaluated at baseline, 3 months, 6
months, and 12 months post-injection. Adverse
events and complications (e.g., infection, post-
injection pain) were also documented.

Statistical analysis was performed using SPSS
software version 26.0. Continuous variables were
analyzed using independent t-tests or Mann—Whitney
U tests depending on data distribution, while
categorical variables were compared using Chi-
square or Fisher’s exact test. Longitudinal changes in
pain and function scores were assessed using
repeated measures ANOVA. A p-value of less than
0.05 was considered statistically significant.

RESULTS
Table 1: Baseline Characteristics of Patients

Variable PRP Group (n=60) BMC Group (n=55) p-value
Number of patients 60 55 -
Mean Age (years) 42.1+£10.3 43.5+11.1 0.52
Sex (M/F) 35/25 33/22 0.89
BMI (kg/m?) 26.7+3.8 27.1+4.1 0.64
Injury Type (Tendon/Cartilage) 40/20 38/17 0.75
Injury Location (Shoulder/Knee/Other) 30/20/10 28/19/8 0.91
Duration of Symptoms (months) 9.2+45 8.7+5.1 0.48
Activity Level (Athlete/Non-Athlete) 20/40 18/37 0.70

A total of 115 patients were included in the study,
with 60 receiving Platelet-Rich Plasma (PRP) and 55
receiving Bone Marrow Concentrate (BMC). As
shown in Table 1, both groups were comparable at
baseline. The mean age in the PRP group was 42.1 +

10.3 years, while the BMC group had a slightly
higher mean age of 43.5 £ 11.1 years (p = 0.52). The
sex distribution, BMI, and injury types (tendon vs
cartilage) did not differ significantly between the
groups (p > 0.05 for all). Injury locations were
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similarly distributed between the two groups, with
shoulder and knee being the most common sites.
Chronicity of symptoms and activity level (athlete vs

non-athlete) were also statistically comparable (p >
0.05), confirming good baseline homogeneity.

Table 2: Treatment Protocols and Injection Characteristics
Variable PRP Group BMC Group p-value
Mean Number of Injections 1.8+0.5 1.6 0.4 0.10
Volume per Injection (mL) 50+1.2 65+14 0.03
Interval Between Injections (days) 14+3 16+4 0.06
Processing Technique Double-spin centrifuge Bone marrow aspiration & concentration -

[Table 2] summarizes the treatment protocols.
Patients in the PRP group received a mean of 1.8 £
0.5 injections, while the BMC group received slightly
fewer injections (1.6 £ 0.4), though this difference
was not statistically significant (p = 0.10). The BMC
group received a significantly higher injection
volume (6.5 + 1.4 mL) compared to the PRP group

(5.0 £ 1.2 mL; p = 0.03). The interval between
injections was slightly longer in the BMC group but
not statistically significant. Preparation protocols
were standardized: PRP was processed via double-
spin centrifugation, while BMC was harvested
through aspiration and concentration of autologous
bone marrow.

Table 3: Pain and Functional Qutcome Scores Over Time

Timepoint VAS Pain | VAS Pain | p-value Functional Score - Functional Score - p-value
- PRP - BMC (VAS) PRP BMC (Function)
Baseline 72+1.1 73+1.0 0.76 543+12.6 53.9+£13.0 0.88
3 Months 49+13 46+1.2 0.42 68.5+13.2 71.2+£12.6 0.36
6 Months 32+1.0 27+1.1 0.05 782+12.4 81.5+11.9 0.18
12 Months 2.1+0.9 1.8+0.8 0.04 85.1+10.3 88.4+£9.8 0.10

Clinical outcome scores are detailed in [Table 3].
Both groups demonstrated progressive improvement
in pain and function over 12 months. At 6 and 12
months, the BMC group showed greater reduction in
pain scores compared to the PRP group (VAS at 12
months: 1.8 + 0.8 for BMC vs 2.1 £ 0.9 for PRP, p =

0.04). Similarly, functional scores improved more
markedly in the BMC group, although statistical
significance was not reached at 12 months (p = 0.10).
The overall trend, however, favored BMC in both
pain and functional domains.

Table 4: Change in Scores from Baseline to Follow-Up

Measure PRP Group BMC Group p-value
A VAS (Baseline to 6M) -40+1.2 46+1.1 0.04
A VAS (Baseline to 12M) S51+1.3 5.5+ 1.1 0.06
A Functional Score (Baseline to 6M) +239+54 +27.6£5.1 0.03
A Functional Score (Baseline to 12M) +30.8 £6.2 +34.5+£5.8 0.02
[Table 4] presents the changes in clinical scores over greater improvements in functional outcomes

time. Both groups had statistically significant within-
group improvement from baseline to 6 and 12 months
in both pain and function. Notably, the BMC group
achieved greater mean reductions in VAS scores and

compared to PRP. For example, the mean
improvement in functional score at 12 months was
+34.5 + 5.8 in the BMC group versus +30.8 £ 6.2 in
the PRP group (p = 0.02).

Table 5: Adverse Events and Complications
Complication Type PRP Group (n=60) BMC Group (n=55) p-value
Injection site pain 5 (8.3%) 4 (7.3%) 0.82
Swelling 3 (5.0%) 2 (3.6%) 0.65
Infection 0 (0%) 1(1.8%) 031
No complications 52 (86.7%) 48 (87.3%) 0.91

Regarding safety, [Table 5] shows a low
complication rate in both groups. The most common
adverse effects were mild injection site pain and
transient swelling, with no statistically significant
difference between groups. Only one infection was
reported, in the BMC group, with no serious adverse
events or long-term complications observed. The
majority of patients in both groups experienced no
complications (PRP: 86.7%, BMC: 87.3%).

DISCUSSION

In our retrospective cohort study comparing Platelet-
Rich Plasma (PRP) and Bone Marrow Concentrate
(BMC) in tendon and cartilage injuries, we found that
both orthobiologic treatments led to significant
improvements in pain and functional outcomes.
However, BMC demonstrated a superior effect at
later follow-up points (notably at 12 months),
particularly in cases of cartilage involvement.
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Our findings are consistent with several prior studies.
Wang et al. reported in a goat osteoarthritis model
that both PRP and BMC reduced inflammatory
cytokines and delayed cartilage degeneration, but
BMC showed significantly greater cartilage
protection and extracellular matrix (ECM)
preservation compared to PRP.[' This aligns with
our observation of better long-term cartilage
outcomes in the BMC cohort.

In terms of tendon healing, Alsousou et al.
demonstrated that PRP enhances collagen I
deposition and improves fiber structure in ruptured
Achilles tendons.[''! Similarly, Rajabi et al. found
that PRP significantly improved fibroblast density,
collagen content, and cellularity in injured tendons of
rats, suggesting accelerated healing.['? Our study
observed parallel short-term improvements in tendon
pain and function with PRP, although BMC caught
up and exceeded PRP benefits by the 12-month mark,
particularly in chronic tendinopathies.

The cellular composition differences between BMC
and PRP may partly explain these findings. Cassano
et al. highlighted that BMC has significantly higher
concentrations of interleukin-1 receptor antagonist
(IL-1ra) than PRP (13,432 pg/mL vs. 588 pg/mL),
which may contribute to its greater anti-inflammatory
potential and sustained regenerative impact on joint
tissues.[!

Kaniki et al., in contrast, did not observe a significant
difference in functional outcomes between PRP and
standard therapy in non-operative Achilles tendon
ruptures at 1 and 2 years, emphasizing that results
may vary by pathology and methodology.l'¥]
Nevertheless, our data support PRP’s efficacy when
used in carefully selected patients, particularly those
with partial tendon tears or early tendinopathy.

A comparative animal model study by Ruan et al. that
utilized a combination of bone marrow-derived
stromal cells and PRP for cartilage repair showed
enhanced osteogenic differentiation and structural
cartilage repair at 16 weeks, reinforcing the
synergistic potential of combining stem cells with
growth factors.[!]

Our study adds to the growing body of literature
supporting orthobiologic interventions in
musculoskeletal injuries. Both PRP and BMC offer
safe, effective, and minimally invasive alternatives to
surgery, but BMC may provide more durable
benefits, particularly in cartilage-dominant lesions.
Future prospective randomized studies are warranted
to confirm these trends and refine patient selection.

CONCLUSION

This retrospective cohort study demonstrates that
both Platelet-Rich Plasma (PRP) and Bone Marrow
Concentrate (BMC) are effective orthobiologic
treatments for tendon and cartilage injuries in an
ambulatory setting, with significant improvements in
pain and function over 12 months. However, BMC

showed superior outcomes in long-term follow-up,
particularly in cartilage-related pathologies.

BMC may be preferred in cases involving cartilage
injuries or chronic tendinopathies where longer-term
tissue regeneration is desired. PRP remains a cost-
effective and less invasive option for mild-to-
moderate tendon injuries or when stem cell harvest is
not feasible.

The retrospective design, lack of randomization, and
variability in lesion type and severity may introduce
selection bias. Imaging follow-up was not
standardized, and biochemical analysis of the
injectates was not performed. Larger, randomized
controlled trials with uniform protocols are needed to
confirm these findings and optimize treatment
guidelines.
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