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Histochemical Study of Muscle Fibers in Human Vertebral Muscle

Soon Kyu Park, M.D., Sung Man Rowe, M.D., Soon Pal Suh*, M.D.
and Joo Yong Yoo*, M.D.

Departments of Orthopedic Surgery and Clinical Pathology*, Chonnam University Medical School,
Kwangju, Korea

We evaluated the muscle fiber characteristics, the mean proportion of muscle fiber types and its
range of individual difference in human vertebral muscle.

Muscle samples used were from subjects who had a relatively brief history of spinal dysfunction
such as compression fracture, disc hernia etc., and obtained from precisely defined superficial and
deep sites on both sides of the vertebral column. In particular, samples were collected from three
different levels of the column and flash-frozen sections of biopsied adult vertebral muscles were
stained for H-E, trichrome, PAS, regular and reversed myosin ATPase, and SDH.

Discrimination of muscle fiber types in H-E and trichrome stained sections was not evident.
Three types of muscle fibers were, however, evident in PAS-stained sections according to the de-
gree of positivity in observed vertebral muscles.

The mean proportion of muscle fiber types was different in regular and reversed myosin ATPase,
and SDH stains and the majority of fiber types in human vertebral muscles was type 1 in three dif-
ferent levels of vertebral clumn. There was a decreasing tendency in percentage of type I fibers at
both superficial and deep levels as the vertebral column descended.

The size of muscle fibers was relatively larger in deep levels than in superficial levels of vertebral
muscles. The human vertebral muscle showed moderately individual and regional differences in the
mean size of fiber types.

The evaluation for the combination patterns of various enzyme histochemical activities showed
that the common muscle fiber types(type 1, 11 A and 11 B) were moderately reduced in the mean
proportions and unusual rare muscle fiber types increased in number. And the decreasing tendency
in the mean proportion of type  as the vertebral column descended was not evident in the combi-
nation patterns of histochemical activities.

Key Words: Vertebral musculature, Muscle fiber type, Histochemistry, Variation.
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Table 1. Enzyme histochemical reactions in hu-
man vertebral muscle

Muscle fiber type 1 IIA uB
Regular ATPase(pH 9.4) 2 @ @O
Reversed ATPase(pH 4.6) ® O 4

SDH ® 2 O
O =Weak, @&=Moderate, @=Strong
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Table 2. Mean proportions(%) and its ranges of muscle fiber types in both sides of the human vertebral column at three levels(Ts, T, and L;) by H-E,
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S:Strongly reactive, M:Moderately reactive, W:Weakly reactive.




e WO e NN R ) w;.:_‘wwommwﬁﬂﬂﬂuﬂ TIRRTERXE B
TARTTRTL<m P By AR EEITER AErTZ42% ot @
kT T ETF L aoF ] q L T o0 e T T T A2 @ Ao o F = o o
TAeTE TUET R T B Apod T Vopy p®w ™ ok e
A N e e T W R Wi C e TRzl om o wm B
TR pPxETE_Ngg FRFR L BT + AEgTIE® g X
CEnE wERgTesad T ERefLaMTaa txRad soiBIe @
L) & S . i ] plo To = T <
& Tl oy g Rag® 3 e e e A LS =
F U SN N ok = o X e T < ° % E ook = iof
M o B4 > o~ 4 3% FT¥ . BE T o o o= L;._“%.or L
AT TR EE S L SR D S R EE LT DI P
8= i JO I | (I R = N = - N0 w ool T o
ohpglmtle g g e g NmdEoy i Ao 7 W e W
oy 57 M Em™N 53 ﬂ,eFAuﬂ% J.mﬂi_.‘ﬂ PRI R S ITEAE
%ﬁmmﬁ%waf w%ﬁsmw% M 5ma%ﬂm%°€TiT a wgw%d%w%mil a
— H.l -~ o - on W) - —— _laa
Yo S 4SS " 2o TE27 T T & o a]mziyﬂa.y./; 0
LI m%%:%ﬂﬂaﬁz*%% R e g i R =T gﬂﬂ%%z%%%; AT
WESET bR« T E mu.mwpnﬂo%}iﬂif " A LT g Mo XTRR &
Fe ot Maggr 59222 8 S 8T 4l egrapX [ a4 gFde gl o
E n.._ﬂun._ .mﬂ.ﬂu@n._t( ~ = n mmMMo oT.Mn Ak B . Auvv_-.tlﬂdﬂ m%ﬂ\.ﬂl;ﬂ . Eeﬁo
PEFHR_BIUTGTRN T o G AOHT T3 2h ¢ PRV ez d2 gy o OF
BEFNTRTTRAN  J S o SR WT FTHNFTEEHRI T TP 1}

‘steqy g 2d43y jo suonsodoud Jourw Buipnpouy:, ‘sajosnw [BIgE1I0A uswny paisdorq sy} ul sadA) 1aqyy Jo suoriiodoad fenplAtpur jo soduey:( )
(2°92-6'9) (6'91-7'6) (861-6'8) (8€2-2'6) (L02-%9) (81I-2%) (T2€-T'TI) (S'62-8'L) (8'62-6'6) (¥'€2-0'6) (8'GT-G'%) (6LI-¥'G)

8Vl et 1 21 9Ll Vit V'8 g€z gal 961 g8l 62 01 dn
(8'8€-2'¥1) (6°0¥-2'81) (S'0£-6'01) (8'€E~¥'8) (802-8'9) (8'61-6'6) (I'IE-8'TT) (8'2E-L'6T) (8'82-F'ST) (€°2€-6'1T) (8'22-L21) (L'0£-9°01)

'8¢ €Ze I've (%4 et 8¥1 .92 8'7e 6'2¢ 602 6'61 60 V1
(67LL-C'€V) (9°82-3'8Y) (£'€L-8'GF) (2'89-8'FF) (8'28-L'GS) (8'88-8'6%) (6°08-4'2¢) (£24-T'TF) (T°08-6'6%) (6'T18-2'€E) (€£26-8'LS) (8'LL-609)

L8 9'sg 9’19 268 S 892 8’14 665 ¥i8 019 3L 269 1 _HAS
(Z61-T'7) (822-6'6) (I'V1-8°S) (8€2-8'6) (80E-6'S) (2€2-68) (1'06-2L) (5G2-€0) (1'62-%'9) (8'62-8'T1) (6%1-L'S) (2'92-G6)

€L A S0t oSt et 641 £LT 211 5 21 ¥61 1’01 g1 dn
(L'SE-9'11) (L'83-8'6) (T'IE-8'II) (8'€2-L'8) (832-G'9) (ZGI-8F) (8GE-6'8) (9°LE-66) (9'82-€°2) (v'2€-8'6) (102-86) (L'91-28)

862 02 §'2¢ Lyt A2 ¥'9 V'oz 2'€e ¢LT vt (US4 gIT v
(¥'2L-6'09) (0'68-8'2¥) (6'3L-L'8Y) (6'28-¥'69) (V'18-£'8S) (¥'88-6'G8) (T'€6-L'CY) (8°06-L0%) (2'88-60F) (6€8-52¥) (1'16-2°68) (L'L8-%'2S) 9s8dLV

699 %9 ¥19 €0L 2'gl L' £29 9'69 2’89 699 6°62 8°0, I pesieasy
(8'6€-6'52) (8'2¥-¥'22) (¥'S¥-8'91) (¥'9¥-6'81) (9°'8€-621) (226-'21) (985-6'SZ) (L-2G-80E) (6Gh-£82) (¥'¥5-6'31) (§'9€-¥'¥1) (G'6€-€'91)

§'6E 6'9¢ €0¢ 6'GE 622 L've L'8¢ €0¥ 8'6¢e g'1e L've 6'8¢ I .
(8°08-6'T¥) (1°08-8'€S) (6'68-L'2¥) (1'6L-8'2F) (L'68-5'9S) (Z'€8-6'2S) (1°08-8'6¥) (£19-8'LF) (8'06-L6€) (€°26-670%) (£'06-6'67) (5'8L-7'63) 9SBJLY

S'v9 e L'69 '¥9 24 €€ £'19 465 3’v9 §'89 88 Y I iendey

3ol W3y Wel W3y o] EREIRE o] W3y e W3y el EREIRY \__umg

i A A " A ‘L
des(g [eIedng

(6=U)sSulels H(JS pue 858 ]y UISOAW Pasianal ‘9sed ]y UISOAUW JejnSal
Aq (*] pue 5], €1,)S[oAS] 931} 18 UWIN[OD [RIGA}ISA uBwIng 8y1 jJo sepis yloq ut sadA1 Jaquy aposnuwt jo seBuel sy pue uondodoud jo (% )senjea uwdp ‘g djqe]

-15638-



100

%, 7 A ALK H
SN ' i
AN AA m | i
. v s Ml
ZA\GANA A7 E: i i 174
%% ZEW L iy 7
ol T2 . n Il B
AN A A )
40 ]
N
)
i
201 )
]
A A
0— RLRLR L RL ;???é/{%éé??? %u?L{???é???
| Superficial _Deep ;| Superficial ﬁegp | L Superticial Deep
Regular AT Pase Reversed ATPase SDH
{:strong {TJ:moderate :weak ﬁﬁ'gf

Fig. 1. The histogram showing 'proportions(%) of muscle fiber types in both sides of the human
vertebral column at three levels(T;, Ty and L3) by regular myosin ATPase, reversed myosin ATPase
and SDH stains(n=9).
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Fig. 2. Mean diameters(um) of long axis(up-
per mark) and short axis(lower mark) of mu-
scle fiber types in both sides of the human ver-
tebral column at three levels(T;, Ty and L;) by
SDH stain.

Fig. 3. The histogram showing proportions
(%) of muscle fiber types in both sides of the
human vertebral column at three levels(Ts, T,
and Ls) by combination patterns of regular
myosin ATPase, reversed myosin ATPase and
SDH activities in serially sectioned identical mu-
scle fibers.
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Table 4. Proportion(%) of muscle fiber types in both sides of the vertebral column at three levels(Ts,
Ts and L;) by combination patterns of regular myosin ATPase, reversed myosin ATPase and SDH
activities in serially sectioned identical muscle fibers

Level

Side T, T Ls
Type Right Left Right Left Right Left
Superficial
1 61.1 57.8 47.5 46.6 54.2 48.1
nA 7.3 10.9 12.2 © 105 9.8 10.1
B 2.8 3.9 8.4 12.8 5.9 6.7
1nC 35 4.3 7.3 7.7 4.9 5.8
Other 25.3 23.1 24.6 22.5 25.2 29.3
Deep
1 58.0 . 625 53.8 51.7 53.0 50.8
nA 8.0 5.9 11.2 9.5 10.7 9.5
uB 4.1 33 2.3 6.8 4.1 6.4
nc 5.2 1.7 2.8 4.2 3.3 38
Other 24.7 26.6 30.2 27.8 28.9 29.5
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FIGURE LEGENDS

Fig. 1. Muscle fiber types in hematoxylin-eosin stained sections are poorly classified. H-E, x 200

Fig. 2. Differentiation of muscle fiber types is not evident in trichrome stained sections. Trichrome,
x 200

Fig. 3. Three fiber types are classified into strong(S) moderate(M) and weak(W) fibers by PAS
positive reaction in sections of human vertebral muscle. PAS, x 200

Fig. 4. Two types of muscle fibers are shown according to the staining activity of myosin ATPase.
Type 1 fibers exhibit low or no ATPase activity, and type  fibers exhibit intense strong ATPase ac-
tivity. Regular myosin ATPase, x 200

Fig. 5. Three muscle fiber type (type I, IIA and 1IB) are well exhibited. Type I fibers possess
strong intense activity of ATPase and type 11 A showed low ATPase activity, while type 11B fibers
exhibit moderate ATPase activity. Reversed myosin ATPase, x 200

Fig. 6. Three types of muscle fibers are well differentiated. Type 1 fibers show strong SDH ac-
tivity, and type mA possess intermediate activity compared to low SDH activity of type OB fibers.
SDH, x 200

Fig. 7. Number of type 1A fibers which possess weak degree of staining activity are reduced in the
right deep portion of the vertebral muscle with the third thoracic spinal level. Type uB fibers which
show moderate enzyme activity slightly increase in number. Reversed myosin ATPase, x 200

Fig. 8. Number of the type 1 fibers which show weak enzyme activity increase in the left super-
ficial portion of the vertebral muscle with the third thoracic spinal level. Type 1 fibers which possess
strong activity markedly reduced in number. Regular myosin ATPase, x 200

Fig. 9. Relative size of each fiber type in the vertebral muscle with the ninth thoracic spinal level is
as follows:Type 1B is the smallest and type 1 A the largest.

Fig. 10-a, b, c. Reactive enzyme patterns of muscle fiber type are reciprocal or different in the
same region of muscle at three different enzyme stains.Patterns of myosin enzyme activities by regular
myosin ATPase stain(a), are partially or completely reversed by reversed myosin ATPase stain(b).
Partially or nonreversed muscle fibers seem to be rare muscle fiber type(R). Type 1 fibers showing
strong SDH activities(c) are the most frequent one. Regular myosin ATPase(a), x 200, Reversed myo-
sin ATPase(b), x200, SDH(c), x 200
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