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Introduction

Aging quadriceps are composed of slow-twitch, oxidative type-l myofibers, in
predominance to fast-twitch, glycolytic type-ll myofibers (lla, llx, and Illa/x
subtypes).l* Myofibers differentially express myosin heavy chains (MHC), such as
those encoded by MYH7 and MYH1, in myocytes around type-l and type-lix fiber
isoforms, respectively. Fiber distribution and quality in each of the quadriceps varies
between older individuals, dependent on activity and exposure to insults such as
osteoarthritis (OA).12 OA-related joint disuse alters fiber distribution favoring type-lI
with higher occurrences of type-lla/x hybrids.*® OA quadriceps also manifest targeted
atrophy of type-Il fibers, specifically in the Vastus lateralis (VL)* and Vastus medialis
(VM)®. Together, these changes act as hallmarks of poor peri-articular muscle quality.?
Deep to and continuous with the Vastus intermedius (V1) is the Articularis genu (AG).
The AG is the intra-articular muscle of the knee that coordinates retraction of the
suprapatellar bursa during extension’ and has a similar mechanism of action,
concurrent innervation, and fiber distribution closest to the VI, with a type-l (~70%)
over type-ll ratio of ~2.3 in aging populations.® The AG is removed during total knee
arthroplasty (TKA) and the only knowledge of its sensitivity to OA is ultrasound-based
evidence of atrophy, leading to functional limitations as measured by isometric
extension exercises.? Our objective is to expand this knowledge by analyzing fiber
counts and size in banked OA AGs using quantitative immunohistochemistry (QIHC)
coupled with QPCR of genes likely regulated in support of changes in AG structure. We
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Figure 1. Co-detection of slow MHC (green; type-l) and fast MHC (red; type-Ill) myofibers by QIHC and confocal microscopy. Total
patient sample (n=40) was grouped by (A) good (n=10), (B) fair (n=19), and (C) poor (n=11) ROM.
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Conclusions

The AG is sensitive to OA-related deficits in ROM.

The AG undergoes changes in fiber distribution and atrophy as a response to OA,
consistent with similar studies of the VL? and VM® 10 of knee OA patients.
Subtyping of increasing atrophied type-Il fibers in the AG relative to poor ROM is
critical, to test the prediction that type-lia/x hybrids are elevated in wasting AGs.

OA-related limitations in knee motility may act in synergism with aging-related
muscle wasting to more severely alter the AG, with progressively severe atrophy
and aberrant re-distribution of myofibers as ROM worsens.

The AG has the potential to act as a surrogate the quadriceps in a diagnostic testing
platform of peri-articular muscle status.

More refined and in-depth analyses of banked AGs will provide insight on the
global health of peri-articular muscles in patients afflicted with knee OA to
potentially guide peri-operative pain management (e.g. neuromuscular electrical
stimulation) and individualized strength rehabilitation strategies post-TKA.
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0 0 . .
good fair poor 50 100 150
Measure % and CSA L type ROM -@-type ' ROM (degrees) REfe re n Ce S
_ — [ type I C]-type I

ROM*

Good: > 115° < - < T 1. Moreillon, M., et al. Hybrid fiber alterations in exercising seniors suggest contribution to fast-to-slow muscle
' _ 4000+ - fiber shift. J Cachexia S ia Muscle. 10, 687-695 (2019).
Fair: > 90° & < 110° ) 3000- i ) g re0.5854 iber shi achexia Sarcopenia Muscle. 10, . ( . ) | |
FIXATION QO s QO - 0 =7 2. Bougea, A., et al. An Age-Related Morphometric Profile of Skeletal Muscle in Healthy Untrained Women. J
Poor: < 85° PARAFFIN PROCESSING ~ TvpE | = o & 3000- Clin Med. 5, (2016).
* 135°2 max total arc SECTIONING 0O 2000- T 1 0 . 3. Aagaard, P., Magnusson, P.S., Larsson, B., Kjaer, M. & Krustrup, P. Mechanical muscle function, morphology,
% T “6 2000- and fiber type in lifelong trained elderly. Med Sci Sports Exerc. 39, 1989-1996 (2007).
Vastus Lateralis > > i 4. Noehren, B., et al. Alterations in quadriceps muscle cellular and molecular properties in adults with
- 10004 = 1000- moderate knee osteoarthritis. Osteoarthritis and Cartilage. 26, 1359-1368 (2018).
Rectus Femoris Articularis Genu ] 5. Tanner, CJ., et al. Muscle fiber type is associated with obesity and weight loss. American Journal of
ARTICULARIS 0 0 . . Physiology-Endocrinology and Metabolism. 282, E1191-E1196 (2002).
Vastus Medialis Suprapatellar Bursa good fair poor 50 100 150 6. Fink, B., et al. Morphologic changes in the vastus medialis muscle in patients with osteoarthritis of the knee.
GENU type | ROM @type | ROM (degrees) Arthritis Rheum. 56, 3626-3633 (2007).
type Il C-type I 7. Grob, K., Gilbey, H., Manestar, M., Ackland, T. & Kuster, M.S. The Anatomy of the Articularis Genus Muscle

TKA

Each ROM group:
Age: 64-68 years
BMI: 33-34 kg/m?
60% female

CRYOPRESERVATION
HOMOGENIZATION
RNA ISOLATION

\ 2\ .;
i ﬂ(
Sequence

Gene
F: 5 — GAA GAAACT CTG CCAGTA CC—37

F BXO32 R:5' — GTATCT CCA TACTGC TCTTTCC - 3'
F: 5" - CTG GGC TAC CAT CAA TAA CC— 3’
MYHl R: 5’ — CAC TGT TGC TTT CAC AAA GG — 3’

F: 3" — CAA GTG GAT GAT CTG GAA GG -3
R:53' —TGC TGCTTG TCATTCTCC-3"

F: 5" — CCATTG CAG AGTGTCTTCC-3'
R:5 —GCT CAG CTCTTCCTTTAC C-3

)

LSU INTEGRATED MUSCULOSKELETAL BIOBANK (LIMB) ‘

Figure 2. Metrics of fiber distribution and CSA tested by one-way ANOVA between and within groups with Pearson’s correlation
analyses (r) against ROM. *p<0.05 between groups and #p<0.05 within groups; **p<0.01; ***p<0.001; and ****p<0.0001.
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Figure 3. Trends in mean expression of relevant gene transcripts between good (G), fair (F), and poor (P) ROM groups.
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