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Abstract. – OBJECTIVE: Skeletal Muscle Biop-
sy is a minor surgical procedure for the diagnosis
of different neuromuscular pathological conditions
and has recently gained popularity also in the re-
search field of age-related muscular modifications
and sarcopenia. Few studies focused on the appli-
cation of mini-invasive muscular biopsy in both
normal and pathological conditions.The aim of our
study was to describe a mini invasive ultrasound-
guided skeletal muscular biopsy technique in com-
plete spinal cord injured (SCI) patients and healthy
controls with a tri-axial end-cut needle.

PATIENTS AND METHODS: Skeletal muscle
biopsies were collected from 6 chronic SCI pa-
tients and 3 healthy controls vastus lateralis
muscle with a tri-axial end cut needle (Biopince©
– Angiotech). Muscle samples were stained for
ATPase to determine fibers composition, more-
over, gene expression of cyclooxygenase-1
(COX-1) and prostaglandin E2 receptor has been
analyzed by Real Time RT-PCR.

RESULTS: All the procedures were perfomed
easily without failures and complications. Con-
trol tissue was macroscopically thicker than SCI
one. Control specimen displayed an equal distri-
bution of type I and type II fibers, while SCI sam-
ple displayed a prevalence of type II fibers SCI
specimen displayed a significant reduction in
COX-1 gene expression. This mini-invasive ap-
proach was easy, accurate and with low compli-
cation rate in performing skeletal muscle biopsy
in both SCI patients and controls.

CONCLUSIONS: This technique could be use-
ful in conditions in which the overall quantity of
specimen required is small like for molecular bi-
ology analysis. For histological diagnostic pur-
poses and/or conditions in which the original
tissue is already pathologically modified, this
technique should be integrated with more inva-
sive techniques.
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Introduction

Skeletal muscle biopsy is a minor surgical pro-
cedure that has been conducted over several
decades for the diagnosis of different neuromus-
cular pathological conditions. This technique has
recently gained popularity also in the research
field of age-related muscular modifications and
sarcopenia1 evolving from surgical “open ap-
proach” to less invasive techniques, in order to be
easier to perform and to be more tolerable for the
patient2.
Skeletal muscle contains several fibers deeply

differing in their chemical composition and con-
sequently in their twitch properties. It is general-
ly accepted that muscle fibers can be divided into
two main types: slow twitch (type I) and fast
twitch (type II a,b,c) muscle fibers. Slow twitch
fibers fire more slowly than fast ones and can
sustain contraction for long periods of time be-
fore they fatigue. On the other hand, fast twitch
fibers generate faster strenght and speed but they
fatigue more quickly. These distinctions seem to
influence how muscles respond to training and
physical activity, and each fiber type has unique
contraction ability3-5. On average, human muscles
contain an equal percentage of slow and fast
twitch fibers, however it has been reported a
switch in this ratio in some pathological condi-
tions like chronic neurological diseases and in
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particular spinal cord injury (SCI)6,7. Thus, fiber
type discrimination and their relative distribution
are essential to distinguish between normal and
pathological skeletal muscle tissue.
Muscle tissue biology is regulated by a wide

array of bioactive compounds among which
prostaglandins (PG), and in particular
prostaglandin E2 (PGE2) play a pivotal role8. PG
are a family of active compounds produced by
the ubiquitous cyclooxygenase (COX) enzymes
(COX 1 and 2) and elicit an array of tissue-spe-
cific functions9-10. In skeletal muscle, PGE2, pro-
duced by both isoforms of COX11,12, regulate pro-
tein synthesis and degradation after exercise13-15,
along with being involved in muscle tissue injury
recovery16,17. PGE2 receptors are classified into
four subtypes, Ep1, Ep2, Ep3, and Ep4, all of
which interact with different G-proteins and their
subsequent signaling pathways18,19.
At present time, few studies focused on the ap-

plication of mini-invasive biopsy techniques on
skeletal muscle tissue in both normal and patho-
logical conditions. In light of these considera-
tions the aim of our study was to describe a mini
invasive ultrasound-guided skeletal muscular
biopsy technique in complete SCI patients and
healthy controls with a tri-axial end-cut needle
(Biopince© – Angiotech, Stenlose, Denmark).
Moreover, this study focused on morphological
(fiber type discrimination), molecular (COX-1
and EPs gene expression) and practical proce-
dure related aspects (feasibility, complication
rate and accuracy).

Patients and Methods

Subjects
Six chronic SCI patients (age: 39.8 ± 5.7 years,

AIS score: A 66%, B 33%) were consecutively en-
rolled from the Physical and Rehabilitation Unit of
the AOU “Maggiore della Carità” in Novara
(Italy). Inclusion criteria were the following: spinal
cord injury graded A or B on the American Spinal
Injury Association (AIS) Impairment Scale20. Ex-
clusion criteria were: diabetes mellitus, oral antico-
agulation, osteosynthesis of the femur, and history
of hepatitis B, C, or D or human immunodeficien-
cy virus infection. All patients were male and had a
complete AIS impairment scale score of A or B
(complete motor lesion), and their level of neuro-
logical spine injury ranged from C5 to L1. The
time since injury ranged from 3 to 11 years (mean
time from injury: 6 ± 2.5 years).

Muscle specimens of 3 healthy controls (age:
34 ± 6.9 years) were obtained during knee
surgery for cruciate ligament reconstruction in
operatory room under sedation. The inclusion
criteria for controls were the following: age > 18.
The exclusion criteria were the same as for SCI
group.
Written informed consent was obtained from

each patient before biopsy after a full explanation
of the procedure which was conducted according
to the Declaration of Helsinki guidelines.

Muscle Biopsies
Skeletal muscle samples were obtained using a

percutaneous tri-axial end cut needle (Biopince©

– Angiotech, Stenlose, Denmark) of 18-gauge.
Biopsies were collected from vastus lateralis
muscle at two-third of the distance from
trochanter as previously described by Leger et
al21,22. Correct needle positioning in the target
muscle was confirmed by ultrasound (US) (Hi-
tachi – EUB-5500 Digital Ultrasound Scanner®),
performed by a physician with specific experi-
ence in muscular sonography with a linear trans-
ducer (AL53L – scanning frequence 10 MHz).
All biopsies were performed under local anesthe-
sia (lidocaine 1% in 5 ml). A single incision was
made in the skin, and two different muscle sam-
ples were consecutively taken for each patient.
The stroke length of the biopsy was adjusted

according to the muscle size considering the
presence of blood vessels and other vulnerable
structures proximity; 33 mm stroke length was
chosen whenever possible. All specimen were
immediately frozen in liquid nitrogen until use.
Data about procedure related complications,

easiness of needle US imaging and any other
technical issue have been recorded by the opera-
tor.

ATPase Staining
Frozen sections of 10 µm thick were cut at –

20°C and stored at –20°C until staining proce-
dure. Fiber types were determined by the differ-
ential staining resulting from incubation at pH
9.6. This staining allows to distinguish type I
(light staining) from type II (dark staining)
fibers. Briefly, samples were incubated with 0.5
mg/mL ATP dissolved in 0.1 M glycine/0.1 M
NaCl buffer with 0.75 M CaCl2, for 11 minutes at
37 °C. Samples were then rinsed well in distilled
water and incubated for 5 minutes at room tem-
perature with 2% CoCl2. Samples were exten-
sively washed in both distilled and tap water.
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Specimens were, then, incubated for 30 seconds
in 2% ammonium sulphide solution, rinsed well
in tap water and observed with an optical micro-
scope (Leica DMIL, Leica Microsystems Wetzlar
GmbH, Wetzlar, Germany).

Real-time Reverse Transcription-Polymerase
Chain Reaction (Real Time RT-PCR)
Total RNA was isolated from tissue specimen

using the Ribozol RNA extraction reagent (Am-
resco LLC, Solon, OH, USA). mRNA was con-
verted into complementary DNA (cDNA) using
the high capacity cDNA reverse transcription kit
(Applied Biosystems,Carlsbad, CA, USA). cD-
NA mixtures were subjected to real-time PCR
using SYBR® Green I dye (Applied Biosystems).
Reactions were performed using the following
primer sequences23: COX-1 forward: 5′-AC-
CTTGAAGGAGTCAGGCATGAG-3′; COX-1
reverse: 5′-TGTTCGGTGTCCAGTTCCAATA-
3′; EP2 forward: 5′-TGAAGTTGCAGGCGAG-
CA-3′; EP2 reverse: 5′-GACCGCTTACCT-
GCAGCTGTAC-3′; GAPDH forward: 5′-GAGT-
CAACGGATTTGGTCGT-3′; GAPDH reverse:
5′-GACAAGCTTCCCGTTCTCAG-3′. All real-
time PCR reactions were performed in triplicate
using a Biorad CFX96 instrument. Gene expres-
sion levels were normalized using GAPDH as
housekeeping gene and gene expression was cal-
culated as 2-∆Ct, where ∆Ct = Ct gene – Ct house-
keeping24.

Statistical Analisys
Mann-Whitney U test was utilized for statistical

analysis. Statistical procedures were performed
with Prism 5.0 Statistical Software (GraphPad
Software Inc, CA, USA). Probabiliy of p < 0.05
were considered statistically significant.

Results

A total of 18 specimens were collected (12
from SCI and 6 from healthy controls). All the
procedures were perfomed easily without failures
and in all cases specimen were easily removed.
US needle visibility was good and required in
five cases only a small correction of needle inser-
tion angle to visualize it. No biopsy had to be
abandoned because of insufficient visibility of
the needle. There were no cases of inadequate/in-
sufficient material collection, however SCI speci-
men were macroscopically thinner and brittler
compared to those of healthy subjects.
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Figure 1. Atpase staining of an healthy control (A) and a
SCI patient (B). Type I fiber stain light and Type II fiber
stain dark. Magnification 10×.

Complications were observed in 40% of the
procedures and were all represented by self-lim-
iting small hemorrages requiring no further med-
ical treatment.
From a macroscopic point of view, control tis-

sue was thicker than SCI one, which, from a mis-
croscopical point of view also displayed some
structural degradation (vacuolization).
From an histological point of view the quanti-

ty of specimen collected was sufficient to per-
form ATPase staining. As shown in Figure 1
control specimen displayed an equal distribution
of type I (light staining) and type II (dark stain-
ing) fibers, while the pathological sample dis-
played a prevalence of type II fibers.
To maximize information gain from biopsy

specimen obtained during this study further mol-
ecular analysis were performed in order to evalu-
ate COX-1 and EP2 gene expression. As shown
in Figure 2, EP2 expression did not display any
significant difference between SCI patients and
healthy controls. Interestingly COX-1 expression
reduction was statistically significant in SCI pa-
tients compared to healthy controls (p < 0.05).

Discussion

This study results highlighted the feasibility
and accuracy of the tri-axial end-cut needle
(Biopince© – Angiotech) biopsy in discriminating
type I and II muscle fibers in complete SCI pa-



recommended, providing a larger specimen for
histological evaluation. However, the quality of
the specimen does not only depend on the tissue
amount but also on the eventual presence of
crush artifacts and pathological modifications27.
A good example of pathological modifications
that could be observed in muscle specimen is
represented by SCI, where it has been previously
described a fiber atrophy, myosteatosis and a
shift from type I to type II fiber prevalence6 and
this last pathological feature, called “fiber shift”
has been previosly described also in other chron-
ic neurological conditions like stroke6,7.
The results obtained in SCI specimen were

consistent with these macroscopic pathological
modifications, being thinner and more fragile
compared to those of healthy controls. For a long
time, fiber type determination in muscle speci-
mens has been based on the classical myosin AT-
Pase staining method developed by Padykula and
Herman in 195528,29. This method underwent sev-
eral modifications, including the use of glycine
buffer instead of sodium barbital buffer30 to incu-
bate tissue specimen maintaining a constant pH,
providing in the end better histochemical results.
Regarding fiber type identification, after alkaline
ATPase staining, the results obtained in SCI pa-
tients were consistent with those previously de-
scribed in literature6, showing the expected shift
from type I to type II fibers.
In this study the expression of some genes in-

volved in muscle tissue biology like COX-1 and
EP2 has been investigated. It is known that COX
genes are involved in PGE2 metabolism. COX-1
is traditionally viewed as a constitutively ex-
pressed protein primarily displaying homeostatic
functions9,11. To the best of our knowledge, there
are no studies focused on these genes expression
modification in SCI patients. Thus, the results
obtained seem to be promising, as they highlight
that, like in previous animal studies16, in an at-
rophic muscle an altered expression of COX
genes is observed.

Conclusions

Results obtained herein support the easiness,
accuracy and low complication rate of a mini-
invasive percutaneous tri-axial end cut needle
biopsy in skeletal muscle of both SCI patients
and healthy controls. This technique could be a
useful tool, even for definitive diagnosis, in
conditions, like malignancies, in which the
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tients and healthy controls. Moreover, the com-
plication rate was also evaluated, showing only
self-limiting hemorrages requiring no additional
treatment.
Skeletal muscle biopsy is often essential in

clinical setting to confirm a previous diagnosis
emerged from imaging or circulating biomarkers.
Thus, this approach should be a compromise be-
tween expected definitive diagnosis and compli-
cations and discomfort for the patient. For this
reason image-guided percutaneous biopsy per-
formed with a fine needle represent an interesting
tool to solve this issue. A recent paper investigat-
ed the feasibility, dignostic accuracy and compli-
cation rate of biopsies performed in different soft
tissues with a tri-axial end cut needle (Biopince©

– Angiotech). Authors showed that this 18-gauge
biopsy needle was easy to handle allowing both
ultrasound and computed tomography-guided
percutaneous biopsies of various organs. More-
over, the accuracy of biopsies was high, without
crush artifacts and with low complication rate.
However, even if this study was performed on a
sample of 100 cases, only one biopsy was per-
formed on skeletal muscle tissue25. Furthermore,
previous studies, even with ultra thin (21-25 g)
needles were limited to citologic diagnosis in
malignancies and were not applicable in benign
lesions or conditions in which larger samples for
histological evaluations are needed26. Thus, in
these circumstances, more invasive and technical
demanding approaches, like core biopsies, are

Figure 2. Gene expression quantification by real time RT-
PCR. EP2: Prostaglandin E2 receptor; COX-1: Cyclooxyge-
nase I; CT: healthy controls; SCI: Spinal Cord Injured pa-
tients. *p < 0.05.
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overall quantity of specimen to perform a cito-
logical or molecular analysis is really small.
Similarly, this technique could be suitable for
research purposes, to perform molecular analy-
sis, even in benign conditions. However, for his-
tological diagnostic purposes and/or conditions
in which the original tissue is already pathologi-
cally modified, like skeletal muscle in SCI, this
technique could not be the most appropriate and
should be integrated with more invasive core
biopsy techniques.
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