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Skeletal muscle is one of the most sur-
gically accessible tissues in the body, yet
histclogically adequate muscle biopsies are
not easy to obtain ewing to the contractile
quality of this tissue. Both surgieal manip-
ulation and contact with tne fixing solution
excite fresh muscle fibers to contract, often
resulting in a curled, twisted piece of tissue
from which it is hard to obtain properly
oriented sections. Several instruments have
heen devised with the object of overcoming
this difficulty in handling muscle tissue;
however, they have generally proved to be
too cumbersome for careful surgical tech-
nique, and some were quite painful to the
patient.) The most satisfactory meth-
ods' ' for handling biopsy material that
have been employed to date involve care-
fully placing a small straight piece of tissue
on cardboard (sometimes slightly stretching
the specimen) and then placing it in a Petri
dish containing filter paper moistened with
normal saline solution for 15 to 30 minutes
prior to immersing it in fixative. Although
this procedure has usually proven to be
satisfactory for conventional light micro-
scopic evaluation, it is a time-consuming
and annoying chore for the busy physician
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or technologist. In addition, where electron
mieroscopie studies are anticipated, this
method is not rondueive to good cell pres-
crvation. In order to overcome these handi-
caps, we have devised a new biopsy proce-
dure that has been used suceessfully thus
far in 30 patients to obtain well-fixed, uni-
form, interpretable tissue sections for either
electron microscopic or light mieroscopic
evaluation.

BIOPSY

The biopsy procedure is primarily de-
pendent on the use of & new surgical
clamp? that we have devised (Fig. 1), This
clamp is in essence a modified forceps with
a handle made of the usual surgical spring
steel, and a two-pronged fork tip of a
firmer, highly corrosion-resistant stainless
steel that is not chemically affected by the
fixative osmium tetroxide. It has a setscrew
at the midpoint of the handle which makes
it possible to permanently retain the speci-
men and prevent it from retracting once it
has been clamped and dissected free.

It is also surgically advantageous to
fashion a thin double-cdged razor blade
into a scalpel blade by breaking it in two
and rebreaking cach half at a 45° angle.
Mainly becuause of its flexibility coupled
with its sharpness, the resultant blade when
grasped with a small hemostat makes a
mor¢ satisfactory tool for sharp delicate
disscction than most standard surgical
scalpel blades. It must be borne in mind,
however, that all razor blades have a thin
coating of grease that may interfere with
the effectiveness of the fixative; therefore,

t Patent pending.

194




Vel. 14, No. 2, 1965 MUSCLE BIOPSY TECHNIQUE 195

Fic. 1. Muscle biopsy clamp. The body of the clamp is made of the usual surgieal spring
steel, The twospronged fork tip ix mude of a firmer, highly corrosion-resiztant stainless steel
that will resist the chemical effeets of the fixative =0, . Clamps with widths of 05 to 20 cm.
between the furk tips have bees used,

Fii. 2. Human (undriceps femoris, Crossesection, Fixed in 6.5 per cent glutaraldehyde so-
Intion diluted with Millonig’s Lbuffer” Light micrograph.  Hematoxyhin and eovin (H&F);
> 480.

Fie. 3. Human quadrieeps femoris, Longitudinal seetion. Clamped and then fixed in 10
per cent neutral formatin =olution. Even the Z-line can be readily delineatesd in this routinely
fixedl and stained surgienl biopsy. Light microgmph. H&E: x480,

prior to sterilization the ruzor blades should  than autoclaving, xinee that dulls the fine
be briefly rinzed in acctone to remove thizx  sharpness of the blade.

packing lubricant. Steriligation should be In taking biopsy specimens from yvoung
by souking in a gernmicide solution rather  children, it ix often desirable to use a gen-
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erul anesthetie or regional block; however,
for most biopsies from older children and
adults, a locally infiltrated anesthetic is
satisfactory, providing the patient has heen
premedicated. The surg: » st be cau-
tioned not to ‘nject the local anesthetic
agent into the muscle specimen to be
biopsied. On exposing the body of the mus-
cle to be biopsied, the overlying faseia is
carefully dissected free from the underlying
musele. A narrow strip of musele fasciculi
is developed by making two parallel inci-
sionx in line with the muscle fibers. A third
incixion inferiorly leaves this slip of muscle
attached only at its ends. The loosened
fascicular strip is then grasped with the
fork tips of the elamp and the serew of the
clamp is promptly tightened, holding the
musxcle fibers at their original length. The
clamped muscle segment is freed from the
body of the musele by sectioning along the
outer margin of each fork tip of the clamp.*
Care is taken to avoid any unnecessary
manipulations of the biopsy specimen. The
elamp tip with the secured specimen ix then
immediately immersed and gently agitated
in a container of fixative to flush away any
exeess serum or blood, and then placed in
the final fixative solution. The most desira-
ble specimens for light microscopy are
found to be 1.5 to 2 em. long, 1 em. wide,
and 0.5 to 0.8 cm. thick; for electron mi-
croxecopy, 1.0 to 1.5 by 0.5 by 0.5 em.

FIXATION AND STAINING

ELectroN Microscopy

Both 2 per cent omi:-om tetroxide and
2 to 6.5 per cent glutaraldehyde solutions
diluted with Millonig's buffer® have been
used ax fixatives. The tissue ix left in the
fixative with the clamp still applied for
approximately 15 minutex. Small  blocks
(2 by 0.8 by 0.8 mm.) of tissue are then cut

® Ocensionally 1t has heen found convenient to
vary the biopey technique as follows, After the
two parallel incisions have been made, the clamp
can be applied vertieally from above and tight-
encd on the muscle strip. One end of the strip i
then cut outxide the clamp, which is then used as
a gentle lever to elevate and expose the under
mirface of the strip for dimection from the urder-
Iving muscle maw. Finally the dictal end of the
srip i divided and the biopey specimen removed.

Laboratory Investigation

from marging of the large biopsy specimen,
taking care to orient the muscle fibers and
myofibrils parallel to the long axis of cach
block. These picees of tissue are kept moist
with the fixative during the trimming proe-
ess and afterwards they uce placed back
into the original container of fixative until
fixation time is complete. Fixation time for
00y, has been 45 minutes at room tempera-
ture, and for glutaraldehyde, 4 hours at
4° C. After appropriate washing in Millo-
nig's buffer,” the tissue fixed in glutaralde-
hyde is postfixed with buffered Os(); .'? The
tissue samples are then dehydrated and
embedded in one of the epoxy resing, usu-
ally Araldite.* Some of the tissue blocks
are stained with 1 per cent phosphotungstic
acid* prior to embedding (Fig. 4). Tissue
sections on the grids are stained with
uranyl acetate' (Figs. 7 and 8) or lead
c.trate,! or hoth (Figs. 5 and 6).

The irritant effect of the fixative, espe-
cially Os(); on excitable muscle tissue usu-
ally causes some pulling against the rigidly
fixed clamp margins. Specimens obtained
from these regions may have slightly over-
stretched sarcomeres, Markedly contracted
sarcomeres are rare. Usually the most satis-
factory Os(), material is that obtained from
the middle third of the biopsy specimen.

As compared to Os0,, glutaraldehyvde
secms to be less of an irritant to freshly
excised muscle as well as a better fixative
for the contractile filamentous organelles
(actin and myosin) (Figs. 6 to 8). The band
pattern of the myofibrils ix more clearly
defined, and actin and myosin filaments are
found to have a larger diameter than Os(Q),
fixaution alonc has indicated. Connecting
bridges between the thick myosin filaments
in the M zone, which have only been vaguely
demonstrated in heart' and skeletal® mus-
cle fixed with Os()¢ are more readily de-
lincated in the glutaraldehyde prepara-
tions.t In =ome cross-sections, the myosin
filaments even exhibit a hollow center (Fig.
7). Recent studies of fish® and rabbit?
skeletal muscle fixed with glutaraldehyde
concur with these observations of the myo-
filaments. In addition, the diameters of

t These stritctures are distinet from the croms
bridgrs between thick and thin filaments an first
deneribhed by Huxley! in the regions of the A-band
where the thick and thin filaments intendigitate.
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Fic. 4. Human quadriceps frmoris. Longitudinal section depicting segments of several
myofibrils. The components of each sarcomere are readily identifiable. Note their uniformity
in length. For details of the normal ultrastructure of skeletal muscle the reader is referred
to several review articles® * * Fixed in 2 per cent solution of Ox, diluted with Millonig'
buffer” Timue blocks were immerad in 1 per cent phosphotungstic acid solution of atwolute
aleohol before embedding in Araldite® No other staining wax done, Fletron mic rogeph.

*19.000.

Fic. 5. Human quadriceps femons. Longitudinal section showing tubular components of
the murcoplasmic reticulum. Tieue fixed and embedded as in Figure 4 Yowerver, the e
rection wax Mained with uranyl acetate’ and lead citmte” 1 onder to make st easier to
wentify the membranes dehning the sareoplasnne reticulum and nutochondris. T, Specialiaed
region of the mreoplasmic reticulum referred 1o as the “tnad.” Eleetron nucrograph. = 32,000

negatively stained isolated thick filaments
which have not been fixed with OsO, have
been found to be larger than material fixed
in Ox0), ¢ .

The morphologic characteristics of glyco-
gen also appear to be changed by glutaral-
dehvde fixation. In tissue fixed only with

s, the glyeogen granules are not as
readily stained with uranyl acetate as with
lead =olutions. In the glutaraldehyde prep-
arations, however, uranyl acctate alone
very cffectively stains the glycogen gran-
ules and. in addition, these granules have a
slightly larger average diaeter.
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Fr:. 6. Human quadriceps femoris. Longitudinal section revealing the numerous glyveogen
particles which abound predominantly in the intermyofibillar spaces. The mitochondria are
tvpically @ixposed in prirs opposite the I-bands. Fixation in 8.5 ver cent gluiarnbdehyde solu-
nien wiluted with Millonig’s buffer” and postfixed in 2 per cent O, prepared with the same
hidor Trsue blocks were stained with phosphotungstic acid (PTA) (ux in Fig. 4) and tissue
se~tion was stained as in Fugure 5. The myvofilunents and glveogen particles are better pre-
woved than in OO, fixed material. Eleetron microgaph. < 22,000.

Fic. 7. Human quadriceps femons. Croseesection through the A-band of a myofibeil de-
picting the interdigitating thick and thin flaments which minke up this region of a myofibril.
Each thick flament ix surrounded by xix thin filaments. An ocensional myosin filiment ix
scen which has o prominent hollow center tarrow). Tieue fixed a< in Figure 8. Tieue blocks
were stained with PTA, and tissue section was stained with amnyl acetato. Electron miero-
grph. > 130,000,

Fic. 8. Human quadneeps femoris, Crive=section through M-hne region of Hezone of a
relaxed srcomere. No thin tacting filaments are present in this region: only thick (myosin)
filaments are present, and hese have a shightly inerensed dinmeter in this gone of the sarco-
mere. They are interconnectid by diserete croe bridges which ane more readily delineated
following fixation with ghutarnddehvde. Treue stned as in Figure 7. Flectron merograph
x 160,000

Licir Microscory : tissue the elamp ix left on for a longer time

Speeimens may be fixed in cither glue  (about 45 minutes). The tixsue is then cut
taraldchyde or neutral formalin solutions from the elamp and readily sectioned into
(Figs. 2 and 3). With these larger picees of  proper  longitudinal  and  cross-sections.
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Hematoxylin and eosin or speeial stains are
employed after the usual methods of
paraffin embedding,.

COMMENTS

The size of the clamp allows one operator
to casily manipulate it. The delicate nature
of the procedure is implied by the simple
design of the clamp, the need for clean,
sharp disscetion, and the inherent irritabil-
ity of viable muscle fibers. Sharp dissection
is best attained if the surgeon uses the
double-edged razor blade, as suggested
above. The design of the instrument prac-
tically precludes securing a poorly oriented
specimen since it can only he suceessfully
applied to carefully exposed longitudinally
oriented musele fasciculi; therefore, it is
quite simple for the pathologist to cut well-
oriented longitudinal and eross-sections and
also avoid the crushed edges of the speci-
men. During the eatire initial steps the
musele is kept under reasonable natural
tension so that artifacts secondary to
marked contracture or overstretching are
avoided. In conclusion, a more uniformly
satisfactory musele biopsy specimen can be
obtained for both light and electron micro-
scopic examination by the techniques as
outlined in this brief report. It is reasonable
to suggest that such a technique should be-
come standard procedu. . in order to avoid
the handling ortifacts that otherwise in-
variably occur in viable musele and which
have made precise hixtologic interpretation
of muscle biopsy material extremely diffi-
cult.
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