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Introduction Results Conclusions
» Cases of osteoarthritis (OA) are a common cause of disability Function Biomarker Role in Knee Hemarthrosis . L
) o _ : , . — : . * Pro-inflammatory activity is broadly present
among medically separated military service members and rates IL-1a Early pro-inflammatory cytokine released from damaged joints; promotes synovitis and cartilage-degrading enzymes.
: o - IL-1B Key driver of blood-induced joint damage; stimulates cartilage degradation and MMP production " 110, 1L-1B, IL-6, TNF-a, IFN-y, MCP-1, and MIP-T were measurable
of OAin the military have been observed at higher rates than the Pro-inflammatory y L Jom T . . P ' in every patient. TNF-a was comparatively consistent, with a
. ) IL-6 Marker of acute joint inflammation and synovial activation after bleeding. : :
general population. biomarkers - - . . median of 34.02 pg/mL, while IL-1a, IFN-y, and MCP-1 showed
TNF-a Amplifies synovitis, cartilage breakdown, and osteoclast activation. : .
. . . : pronounced patient-specific peaks.
: . — . IFN-y Reflects activation of T cells and macrophages; contributes to chronic inflammation.
* Emerging evidence has revealed an association between intra- , —— , —
ul  ti S q £ OA ting i Lo Immune-cell IL-8 Neutrophil chemoattractant that recruits inflammatory cells into the joint. o o .
articular soft tissue injuries and cases o resulting in total joint recruitment/chemotaxis MCP-1 Recruits monocytes/macrophages to the joint, indicating persistent inflammation. * Anti-inflammatory compepsatlon is |n09n3|stent
replacements. MIP-1 Attracts leukocytes and macrophages to the synovium, promoting inflammation. * IL-TRAwas measurablg In10 of 15 patients.
IL-1a Early pro-inflammatory cytokine released from damaged joints; promotes synovitis and cartilage-degrading enzymes. * IL-10 was measurable in 6 of 15 patients. . .

* These acute, traumatic soft-tissue injuries typically result in Cartilage degradation IL-1B Key driver of blood-induced joint damage; stimulates cartilage degradation and MMP production. * TGF-B1was measurable in all patients but varied approximately 31-
significant hemarthrosis containing inflammatory biochemicals ge deg TNF-a Amplifies synovitis, cartilage breakdown, and osteoclast activation. fold, from 48.56 to 1514-.79 pg/mL. o .
and cells associated with OA. MMP-3 Marker of cartilage and extracellular matrix degradation. * Theresults suggest that inflammatory activity Is not accompanied

TGF-B1 Regulates tissue repair and fibrosis; associated with synovial hypertrophy and remodeling. by a uniform counter-regulatory response.
 To attain a better understanding of the OA development process, Repair and remodeling Osteopontin Involved in inflammation, tissue remodeling, and bone turnover. _ .
the purpose of this study was to determine the expression profile Osteocalcin Marker of bone formation and subchondral bone remodeling. Zhe ellwe'\lc;?tyogn’oilllﬁ 0, Il_.—1 RA, aTdtTGF'B:j gqg%er]sts sorrle patler:ls may
——— . — : —— . , e exhibiting inflammation resolution and joint homeostasis, while
: : : : : IL-1R Natural inhibitor of IL-1 ling; tect tinfl t d cartil d :
of inflammatory cytokines in the patient plasma near the time of Anti-inflammatory L 1Oa Aa .u.raﬂm DItoro Ijlgnahmg PIOSCEIVE agalhsﬂm ammation jn cart! de .amage others may remain in a more persistent inflammatory state.
injury. Iorotecti - nti-inflammatory cytokine that suppresses pro-inflammatory mediator production.
protective . L , - :
a2-Macroglobulin [Protease inhibitor that neutralizes MMPs and limits cartilage damage. _ _ , ,
- . * The datasetis consistent with a heterogeneous inflammatory response
Angiogenesis and . : : : : : : : : :
HEMARTHROSIS recurrent bleedin VEGF-A Promotes angiogenesis and formation of fragile vessels that may contribute to recurrent bleeding. following hemarthrosis, accompanied by variable counter-regulatory,
(Bleeding into Joint) g angiogenic, matrix-remodeling, and bone-turnover signals.
|
/ s ;P/ Blood Table 1. Functional classification and biological roles of biomarkers associated with knee hemarthrosis. Biomarkers are grouped according to patho-
/ &l accumutation physiology of blood-induced joint injury. « VEGF-Awas zero in 10 of 15 patients. Patient 6 showed the highest

detectable VEGF-A and the broadest multi-marker response.
Pro-Inflammatory Burden

* We ranked the 15 patients from highest to lowest relative pro-

-, inflammatory biomarker burden within this cohort using only R f
il _ Biomarker Median (range) Unit Observation pro-inflammatory markers IL-1a, IL-1B, IL-6, TNF-a, IFN-y, ererences
k ~ IL-1a 4.36 (1.72-29.11) pg/mL[Patient 15 highest MCP-1, and MIP-1.
- e T IL-18 4.92 (0.54-15.37) pg/mL |Patient 7 highest « Lyons, L. P.,, Weinberg, J. B., Wittstein, J. R., & McNulty, A. L. (2021). Blood in the
https://stock.adobe.com/search?k=hemarthrosis ELEOW JOINT . . - . . . .
IL-6 4.92 (0.54-15.37) pg/mL [Patient 7 highest e For each included marker, patients were assigned an average joint: Effects of hemarthrosis on meniscus health and repair techniques.
Figure 1. Knee h throsis is th ation of blood within th TNF-a 34.02 (18.89-63.88) pg/mL|Detected in all; patient 6 highest percentile rank. The seven percentile ranks were averaged and Osteoarthritis and Cartilage, 23(4), 471-479.
igure 1. Rnee hemartnrosis 1S the accumutation of blood within the - s : : : https://doi.org/10.1016/j.joca.2020.10.006
IFN- 11.24(2.14-68.97 mL |[Patient 9 markedlyelevated bs g -]
knee joint, usually caused by trauma, ligament injury (e.g.,ACL tear), Y ( ) pe/ J multiplied by 100. Highest quartile, middle 50%, and lowest
fract bleeding disorder. It typicall ts with rapid IL-8 0(0-0) pg/mL Undetected quartile are cohort-relative categories.
rac gre, or. a .ee Ing disorder. ypicatly pres.,en S Wi raF)l MCP-1 25.55(13.74-95.16) pg/mL [Patient 4 highest * Pasta, G., Annunziata, S., Polizzi, A., et al (2020). The progression of hemophilic
Swelll.ng, pain, st!ff.ness, and reduced range of motion as blood fills MIP-1 31.13 (4.72-71.89) pg/mL [Broad interpatient variability o arthropathy: The role of biomarkers. International Journal of Molecular
and distends the joint space. =P 436(1.72.20.11) pe/mL[Patient 15 highest * IL-8 was excluded and anti-inflammatory markers were not Sciences, 21(19), 7292. https://doi.org/10.3390/iims21197292
IL-1P 4.92 (0.54-15.37) pg/mL Patient 7 highest factored in for this analysis.
TNE-a 34.02 (18.89-63.88) pg/mL[Detected in all; patient 6 highest * Badulescu, O. V., Scripcariu, D.-V., Badescu, M. C., Ciocoiu, M., et al (2024).
M Eth Od S MMP-3 1.33 (0.46-2.25) ng/mL|Relatively narrow distribution Biomarkers involved in the pathogenesis of hemophilic arthropathy.
TGF-B1 373.40 (48.56-1514.79) | pg/mL Patients 6 and 14 highest Relative Pro-inflammatory Burden: Most to Least Inflamed InternatiohalJournal of I\-/-Iolecular Sciences, 25(18), 9897.
Osteopontin  [24.95 (18.72-32.77) ng/mL[Relatively stable https://dol.org/10.3390/1jms25189897
. A prospective case-series study design was conducted among Osteocalcin 8.08 (2.25-19.33) ng/mL Broac.l range Wlth.0ut one extreme value Patient 6 03.3 . Mohana, E-S. E.. Khafaga, A. F., & ELBlehi, S. S, (2018). The role of matrix
. IL-1Ra 92.89 (0-539.17) pg/mL[Zero in 5/15; patient 6 highest Patient 15 e e e B S ' _ _
Cadets enrolled at a US Service Academy. IL-10 0 (0-86.06) pg/mL|Zero in 9/15; patient 4 highest metalloproteinases in osteoarthritis pathogenesis: An updated review. Life
- . s Patient 14 . . . .
| | | o a2-Macroglobulin [1097.30 (802.68—1319.40) ng/mL Relativelystable N Sciences, 234, 116786. https://doi.org/10.1016/].1fs.2019.116786
* Potential subjects with a knee joint injury were referred to and | .
for the study. Patient 7 > International Journal of Molecular Sciences, 20(23), 6008.
o Patient 13 7 >33 https://doi.org/10.3390/ijms20236008
_ . . . Table 2. Summary of biomarker concentrations measured in plasma samples from 15 2 Patient 8+ 49.5
’ SUbJ??tS un.derwe.nt mformed Conser.1t. and pr0V|deq dgmographlc patients, grouped according to their principal biological functions. Values are presented ™ Patient 11 - 48.6 Figure 2. Retative pro-nflammatory
and injury history information. In addition to an aspiration of the as median concentrations with ranges. Observations highlight notable findings. Patient 1 - 476 burden across patients. Horizontal Acknowled ments
1 iNniti 1 . . . . bar chart showing composite g
knee during initial evaluation, blood plasma samples were Concentrations are reported in pg/mL or ng/mL as indicated. Patient 9 - nflarmation scores (0 10 100)
collected within 96 hours of injury. patient 3 - a9 ranked from highest to lowest
| inflammatory burden among 15 The opinions and assertions expressed herein are those of the author(s) and do not
Patient 2 7 400 patients. reflect the official policy or position of the Uniformed Services University or the
* Plasma samples were collected, stored, and batch-screened by Patient 10 - 40.0 Department of War.
ELISA to probe for the presence of a panel of pro- and anti- Patient 12 - 33.8 Conflict of Interest Statement: The authors have no financial interests or
inflammatory cytokines and select other blood-based biomarkers. | | | | | relationships to disclose.
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