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SUMMARY: The articularis genus, which lies under the vastus intermedius, has been regarded as part of the quadriceps femoris.
However, they are well known to have different function because their respective origins and insertions are mutuallyaisgnct.
muscles are considered to work almost simultaneously when the knee is extended. The electromyogram has been used to demonstrate
muscle co-contraction. However, the articularis genus is deeper than other muscles. Moreover, it is difficult to anayriadeby
electromyogram. The relative proportions of muscle fiber types and the characteristics of these fiber types are impuonitzant tdeér
the surface electromyogram. Furthermore, biomechanical analysis of AG has remained unclear. This study investigated the ratio o
muscle fiber types in these muscles. Muscle samples from seven human cadaveric specimens were used with application of
immunofluorescence double staining. Results show that in the vastus intermedius and articularis genus, the percentafijeco$ Type |
was significantly higher than that of Type Il fibers. No significant difference was found in the mean percentages of Typed &nd
fiber types. The percentages of Type | and Type Il fibers in articularis genus muscle were correlated positively to tgepertent
vastus intermedius. These results suggest that similar muscle fiber compositions of these muscles might reflect their daritrgcti
the same active phase of knee extension, despite their different functions.
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INTRODUCCION

The quadriceps femoris (QF), the great extensélistribute to AG after passage through VI; moreover, AG
muscle of the leg covering almost all the front and sides ahd QF are supplied by the same nerve (Kimura & Takahashi,
the femur (Standring, 2004), comprises four parts: rectd§87; Standring). Some studies have demonstrated the
femoris (RF), vastus lateralis (VL), vastus medialis (VM)difficulty of distinguishing AG from VI on MRI in terms of
and the vastus intermedius (VI). Nerves stemming from ttigeir neural branching (Kimura & Takahashi) and their
femoral nerve distribute to each muscle and control musclegndles (Woodlewt al, 2012). However, the function of
generally. The QF function is extension of the knee, but tH&G apparently differs from that of VI because the respecti-
origins and insertions of each muscle mutually diffeve origins and insertions of AG and VI differ. Reportedly,

Consequently, their strict functions are known to diffefhe function of AG is to elevate the capsule and synovial
slightly. membrane of the knee during knee extension, and to prevent

their entrapment between the patella and the femur (DiDio

The articularis genus (AG) lies deep, adjacently t6t al, 1967, 1969; Ahmaeit al).
VI. Reportedly, it is present in 80-100 % of individuals
(DiDio et al, 1967, 1969; Ahmast al, 1975; Puicet al, Human skeletal muscles can be categorized into two
1996; Rothet al, 2004). It originates from the anteriormain types (Ross & Pawlina, 2010). Type | fibers, so-called
surface of the distal aspect of the femur and inserts into tBl@w twitch muscle fibers, are well known to be difficult to
proximal and posterior aspects of the suprapatellar buréatigue and to have weak occurrence tension. Such fibers
The last branch of the femoral nerve for VI is known t@re well suited for persistent contraction necessary to remain
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upright for a long time. Type Il fibers, called fast twitchof 2 % bovine serum albumin (Sigma) in PBS was applied
muscle fibers, can emit maximum contractility in contrasit 37°C for 30 minutes. Two primary antibodies, anti-fast
to Type | fibers, but they are easily fatigued. For QF, myosin skeletal heavy chain (1: 1,000, #ab91506, Abcam,
difference in fiber type composition between VL and VICambridge, UK) and anti-slow myosin skeletal heavy chain
(Edgertonet al, 1975) is known to exist, even though it(1: 10,000, #ab11083, Abcam), were used to label myosin
remains unknown whether this is the case for all distal QReavy chains of Type | and Type Il fibers respectively.
or not. Linsseret al. (1991) described that the relativeSections were incubated overnight at@&vith the primary
proportions of muscle fiber types and the characteristics afitibody. The secondary antibody, anti-mouse 1gG (H+L)
these fiber types are important determinants of surface EM@Bghly Cross-Adsorbed Secondary Antibody Alexa Fluor 488
However, it is difficult to analyze AG by surface EMG.(1: 400, #A-11029, Thermo Fisher Scientific Inc. MA,
Biomechanical analysis of AG has remained far from cledd.S.A.) and anti-rabbit IgG (H+L) highly Cross-Adsorbed
Therefore, we consider that their ratio might reflect th8econdary Antibody Alexa Fluor 568 (1: 400, #A-11036,
character or function of muscles and hypothesized that thhermo Fisher Scientific Inc.), were used for an hour at 37
fiber type composition of AG would differ from that of VI °C. After washing in PBS, slides were mounted with
because AG purportedly functions differently than QF. Thisuorescent mounting medium (#S3023, Agilent
study specifically examined the ratios of muscle fiber typeeechnologies, CA, U.S.A.) and stored at’@ until
in these muscles. observation. As a negative control of immunohistochemistry,
nearly adjacent sections were incubated without the primary
antibody, and then incubated with the secondary antibody.
MATERIAL AND METHOD No labeling was confirmed in these control sections.

Taking images and counting fiber typelmages of prepared
Cadaveric specimensSeven human cadaveric specimentissue sectionswere captured with a DFC7000T (Leica
(six males, one femglembalmed by 10 % formalin solution Microsystems GmbH, Wetzlar, Germany) attached to
for tissue excision were obtained from Yamagata UniversitpM2500LED microscope (Leica), and images were then
Mean age of specimens was 81+5.61 (range: 76-93) years saved in a high resolution Tiff format. A total of three to five
old. According to available death certificate, none had angnages were taken of both muscle in part of each specimen,
history of neuromuscular disease. Specimens were dissecserth that an average of one thousand fibers were
to expose the right VI and AG following the conventionaphotographed. Each fiber was counted on the Adobe
method. All procedures were performed in accordance witPhotoshop (Adobe Systems Inc., CA, U.S.A.), and the mean
the institutional guidelines, and approved by the researgercentages of Type | and Type Il fibers in the fiber
ethical committee at Yamagata University (#315). population of muscles part of each specimen were calculated.

The hybrid fibers were excluded because of the number of
Tissue sampling and slide preparationSamples of muscle that was little in this study.
tissue, each approximately 10-20 mm in length and 5-10
mm in depth, were collected from right VI and AG of eacl$tatistical analysis.The data was statistically analyzed by
specimen. All samples were taken from the center of eache-way ANOVA followed by the student T test and linear
muscle along the midpoint of the fiber bundles, and eacbgression, as appropriate, using StatView software (Hulinks,
sample was post fixed overnight in Bouin’s solution withouinc., Tokyo, Japan). The P value was set at < 0.01.
acetic acid at 4C. Tissues were then dehydrated in a graded
ethanol series, and embedded in Paraplast embedding me-
dia (Sigma, St Louis, MO, U.S.A)). Cross sections of eadRESULTS
sample were cut at a thickness of 5 mm, and sections were
extended onto the slides (Matsunami Glass Ind., Ltd. Osaka,
Japan) at 40C for overnight. Morphology of muscle fibers.The photomicrographs of

VI (Figs. 1 A-C) and AG (Figs. 1 D-F) were shown in Figu-
Immunofluorescence double stainingThe sections were re 1. Type | fibers (Figs. 1A and 1D) were observed as cir-
deparaffinized in xylene and hydrophilized in a gradedular or polygonal shapes. By contrast, Type Il fibers (Figs.
ethanol series. Subsequently, the samples were incubai®&l and 1E) exhibited an irregular shape. Although the
with antigen retrieval agent pH 9.0 (Nichirei Co., Tokyostaining intensity in each fiber showed little difference, Type
Japan) at 98C for 20 minutes and rinsed with phosphatéand Type Il fibers were little overlapped in merged images
buffered saline (PBS, 0.02 M sodium phosphate buffer, 0.15igs. 1C and 1F). Furthermore, the cross-sectional area of
M sodium chloride, pH 7.4). Blocking solution consistingType |l fibers was apparently smaller than that of Type |
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Fig. 1. Photomicrographs demonstrating Type | fibers (A and D), Type Il fibers (B and E) and merge (C and F) in VI (A-Cjznd AG
F). Both of muscles showed complementary immunohistochemical staining of Type | and Type |l fibers. It seemed that there was
apparently no difference in the size of each fiber between AG and VI. Magnification is x400.
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Fig. 2. Comparison of mean percentage of each fiber type in VI (A) and AG (B). In VI, mean percentage
of Type | and Type Il fibers are 738D.38 % and 26.H1.38 %. In AG, mean percentage of Type |

and Type Il fibers are 70.64.80 % and 29.361.80 %. Type | fibers were higher percentage than Type

Il fibers in each muscle. Each column shows the mean, and bar represents the standard error in each
group. **P < 0.01 analyzed by the student T test.

fibers. It appears, however, that there were no differencesHowever, the percentage of Type I fibers is significantly higher
the sizes of fibers between AG and VI. than Type Il fibers in AG (P < 0.01). The mean percentage of
Type I fibers is 70.641.80 %, ranging from 57.18 to 83.17 %
Percentage of fiber type Mean percentage of fiber types inin AG. A comparison of VI and AG shows no significant
VI (Fig. 2A) and AG (Fig. 2B) are showed. In VI, thedifference in the mean percentages of fiber types both Type |
percentage of Type | fibers was significantly higher than théFig. 3A) and Type Il (Fig. 3B). In regression analysis, the
of Type Il fibers (P < 0.01). The mean percentage of Typepercentage of Type | and Type Il fibers in AG are positively
fibers is 73.981.38 %, ranging from 60.30 to 85.47 % in VI.correlated with thg@ercentage of VI (P < 0.01, R2 = 0.743).
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Fig. 3. Comparison of mean percentage of each muscle in Type | fibers (A) and Type Il fibers (B). In
Type | fibers, mean percentage of VI and AG are 7BLEB % and 70.64L.80 %. In Type I fibers,

mean percentage of VI and AG are 2&1.38 % and 29.361.80 %. There was no significant difference

in the ratio of fiber types of each muscle. Each column shows the mean, and bar represents the standard
error in each group. NS: no significant analysis by the student T test.

DISCUSSION

Reports of earlier studies describe a difference in fiber Edgertoret al reported that VI has 43 % of Type
type composition between VL and VI (Edgerteinal). We | fibers and 533 % of Type Il fibers. These results differed
inferred that the difference of ratios might reflect the musclgreatly from those of our study (Fig. 2A). The mean age of
character or function. Actually, AG is known to have thgpecimens was 81.376.61 years old in this study: this was
function of preventing the capsule from being pinched duringategorized as a very old group (80 years and older) in an
leg extension. Also, VI has the function of knee extensiogarlier study (Lexell, 1995). In addition, the area of Type II
(DiDio et al, 1967, 1969; Ahmast al; Standring). Itis true fibers was apparently smaller than that of Type | (Fig. 1).
that both are completely different functions. However, nThe area and number of muscle fibers, particularly for Type
significant difference was found in the ratio of the percentagg is known to decrease and show atrophy with age (Lexell).
of each fiber type between VI and AG in this study (Figs. 2ype | fibers are regarded as too difficult to change with
and 3). Furthermore, the ratio of muscle fibers between Ylging (Lexell; Nilwik et al, 2013). Consequently, it is
and AG was found to have a strong positive correlatiofeasonable to infer that atrophy occurs because of aging in
Reportedly, the relative proportions of muscle fiber types ande samples of this study and that our resdiffered from
the characteristics of these fiber types are importatiose of preceding studies. Muscular atrophy is degeneration
determinants of the surface EMG (Linsstral). Analyzing caused by aging. Reportedly, it occurs in various muscles.
AG by surface EMG is difficult because AG lies under the ViLexell described changes in the sizes of muscle fiber types
Synchronicity between AG and VI has not been proved, bufith increasing age in VL and the tibialis anterior muscle.
the similar muscle fiber composition of these two musclephe tibialis anterior muscle exhibited atrophy of Type i fibers,
might reflect their contraction during the same active phasg did VL (Jakobssoet al, 1990). This result suggests the
of knee extension. Woodley al reported the proportions of possibility of occurrence of similar atrophy associated with
fiber types between the AG and VI in two cadavers. They algie aging of each muscle. Therefore, it can be speculated that
described that the results of one cadaver might have been mgirgilar atrophy occurs in both AG and VI. The muscle cross
reliable than those for the other cadaver, which appearggkctional area, total number of fibers, mean Type Il fiber area
atrophic in some areas. However, the number of their samp{gsit not Type 1) and relative area of Type Il fibers decreased
was insufficient. Their research results therefore did not cowith aging. Furthermore, the relation between age and
pare statistically. Consequently, the ratios of muscle fibefieasures of the arrangement of Type | and Type Il fibers
compositions of these muscles clarified in this study constituégowed the same tendency. From that result, we infer that
a new finding. We used only right muscles in this studynuscle fibers undergo continuous denervation and
However, Woodleet al reported that the proportion in thereinnervation because of the accelerated loss of motor neurons
right limb muscle of each cadaver was like that in thi the spinal cord (Lexell). In other words, the change of
corresponding left limb muscle. It was inferred that no lateralityeurodegeneration with aging of Type | and Type |l fibers
exists in the composition of muscle fiber type. displays a similar tendency. It is inferred that similar aging
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