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A B S T R A C T

This study tested the hypotheses that 1) skeletal muscle biopsies performed with the Bergstr€om needle evoke
larger perceptions of pain and greater hemodynamic reactivity compared to biopsies performed with the
microbiopsy needle, and 2) both needles yield samples with similar fibre type compositions when samples are
collected at similar skeletal muscle depths. Fourteen healthy (age: 21.6� 3.2 years; VO2peak: 41.5� 5.8 mL/kg/
min) males (n¼ 7) and females (n¼ 7) provided two resting skeletal muscle biopsies, one with each needle type,
following a randomized crossover design. Participants completed the short-form McGill Pain Questionnaire and
the Brief Pain Inventory before, during, and after the skeletal muscle biopsies. Hemodynamic reactivity was
assessed by measuring heart rate (HR) and mean arterial pressure (MAP) at rest and during the biopsy procedures.
Immunofluorescence analysis was used to assess fibre type composition in vastus lateralis samples. Compared to
the microbiopsy needle, the Bergstr€om needle elicited a larger perception of pain but similar hemodynamic
reactivity during the biopsy. Both needles yielded skeletal muscle samples with similar fibre type composition and
resulted in similar perceptions of pain and pain-related interference during the post-biopsy recovery period.
Collectively, these findings suggest that studies should consider using the microbiopsy needle rather than the
Bergstr€om needle unless large amounts of muscle tissue or certain muscle fibre lengths are required. However,
future work should determine whether our findings are generalizable to biopsies performed with different pro-
cedures and/or types of Bergstr€om/microbiopsy needles.
1. Introduction

For nearly 70 years skeletal muscle biopsies have helped characterize
various diseases and investigate physiological responses to exercise, diet, and
many other homeostatic perturbations (Ekblom, 2017). The Bergstr€om nee-
dle is used in the majority of skeletal muscle biopsies (Ekblom, 2017) as it
yields large samples (~100–200mg) and is believed tobeminimally invasive
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When applying external pressure to skeletal muscle, larger pressure
diameters augment perceptions of pain (Finocchietti, Nielsen, Mørch,
Arendt-Nielsen, & Graven-Nielsen, 2011; Lautenbacher, Kunz, Strate,
Nielsen, & Arendt-Nielsen, 2005). If biopsy needles produce a similar
dose–response relationship, then it is reasonable to speculate that the
Bergstr€om needle's larger diameter may evoke larger perceptions of pain
compared to the microbiopsy needle. Indeed, Hayot and colleagues
(Hayot et al., 2005) reported larger pain responses during Bergstr€om
needle biopsies compared to biopsies performed with microbiopsy nee-
dles. Painful experiences also increase heart rate (HR) and mean arterial
pressure (MAP) (Tousignant-Laflamme, Rainville, & Marchand, 2005); a
response herein referred to as “hemodynamic reactivity” (Poitras, Slat-
tery, Gurd, & Pyke, 2014). Therefore, we speculate that the Bergstr€om
needle elicits larger pain responses and causes greater hemodynamic
reactivity compared to the microbiopsy needle.

Previous studies have also compared skeletal muscle morphological
and molecular characteristics between samples obtained with Bergstr€om
and microbiopsy needles (Hayot et al., 2005; Isner-Horobeti et al., 2014;
Hughes et al., 2015). For instance, Hughes et al. (Hughes et al., 2015)
reported more type I fibres and less type IIX fibres in samples obtained
with the Bergstr€om needle compared to the microbiopsy needle. Because
many molecular characteristics (e.g. mitochondrial content, substrate
storage, etc.) are fibre type dependent (Schiaffino& Reggiani, 2011), this
observation by Hughes et al. (Hughes et al., 2015) suggests that
comparing whole-muscle Bergstr€om and microbiopsy samples may lead
to inaccurate conclusions. However, Hughes et al. (Hughes et al., 2015)
obtained microbiopsy needle samples at shallower depths (needle
insertion angle ~30�) compared to the Bergstr€om needle (needle inser-
tion angle ~90�; see Supplemental Figure 1 for visual representation).
Given that fibre type composition varies by depth in the vastus lateralis
(i.e. more type I fibres in deep muscle vs. superficial) (Dahmane,
Djordjevi�c, �Simuni�c, & Valen�ci�c, 2005; Lexell, Henriksson-lars�en, &
Sj€ostr€om, 1983), these authors speculated that sampling at similar depths
would eliminate the difference in fibre type composition between
Bergstr€om and microbiopsy needle samples (Hughes et al., 2015).

The present study tested the hypotheses that 1) skeletal muscle bi-
opsies performed with the Bergstr€om needle elicits larger perceptions of
pain and greater hemodynamic reactivity compared to the microbiopsy
needle, and 2) the Bergstr€om and microbiopsy needle yield samples with
similar fibre type composition when samples are obtained at a similar
depth of the vastus lateralis. Confirming our hypotheses would demon-
strate that the microbiopsy leads to less perception of pain and smaller
samples with similar fibre type compositions, and suggests that future
studies should consider using the microbiopsy needle if large amounts of
tissue or certain muscle fibre lengths are not required.

2. Methods

Fourteen healthy, young males (n¼ 7) and females (n¼ 7) vol-
unteered to participate in the current study (participant characteristics
presented in Table 1). Volunteers were enrolled in the study only if they
were between 18 and 30 years of age, non-smokers, free of cardiovas-
cular and metabolic diseases, and were recreational active (self-reported
Table 1
Participant characteristics.

Males (n¼ 7) Females (n¼ 7)

Age (years) 22.6� 3.3 20.2� 2.9
Height (cm) * 179.6� 6.8 165.1� 5.0
Body mass (kg) 81.1� 23.0 60.9� 2.6
BMI (kg/m2) 25.0� 5.9 22.4� 1.7
VO2peak (mL/kg/min) 43.6� 5.6 39.0� 5.5

All values mean� standard deviation. BMI, body mass index, VO2peak, peak
oxygen uptake.
* Significant (p< .05) difference between males and females.
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completing less than 3 h per week of moderate to vigorous physical ac-
tivity). Participants attended a preliminary screening session during
which they were briefed on the experimental protocol and its associated
risks prior to providing written informed consent. All experimental
procedures performed on human participants were approved by the
Health Sciences Human Research Ethics Board at Queen's University.

2.1. Experimental design

Participants attended the lab on four separate occasions, and the
experimental design is illustrated in Fig. 1. During the first visit, partici-
pants performed an incremental step test on a Monark Ergomoedic 874 E
stationary cycle ergometer (Monark Exercise, Vansbro, Sweden) to
determine peak oxygen consumption (VO2peak), as we have described
previously (Edgett et al., 2013). The test protocol consisted of a 2-min
warmup of load-less cycling at 80 revolutions per minute (RPM) fol-
lowed by a step increase to 80W for 1min and subsequent increases of
24W per minute until volitional fatigue (determined by the inability to
maintain a cadence of 70 RPM). At least 72 h following the VO2peak test,
participants returned to the lab for their first skeletal muscle biopsy.
Participants received both skeletal muscle biopsy needles following a
within-subjects, randomized crossover design that followed experimental
best practices, as described previously (Preobrazenski et al., 2019). Spe-
cifically, participants were stratified by sex and subsequently randomized
in a 1:1 allocation to receive the biopsies in one of two orders: micro-
biopsy first and Bergstr€om second or vice versa. In an attempt to reduce
selection bias, N.P. created the random allocation sequence (generated
using the random function on Microsoft Excel) and was not involved in
screening/enrolling participants. Additionally, participant allocation was
not revealed to J.T.B., H.I., or B.J.G. until the morning of the first biopsy
visit. One week after the first skeletal muscle biopsy, participants returned
to the lab for a third visit during which a second biopsy was performed
using the other needle. We performed biopsies on separate visits to
compare differences in activities of daily living between needles during
the recovery period (e.g. changes in mood, physical activity, etc.; question
#9 from the BPI). Finally, participants returned to the lab one week after
the second biopsy to complete an exit survey to ascertain participants’
overall perceptions and preferences of both needles.

2.2. Biopsy procedures

With the exception of the two needles requiring slightly different
procedures (described below), the personnel and protocols were identical
between both biopsy visits. Participants arrived at the lab after an
overnight fast (~12 h) and ate a standardized breakfast (whole wheat
bagel [190 kcal] with 2 tbsp of cream cheese [80 kcal] and an 300mL
bottle of orange juice [130 kcal]) ~30min before the biopsy procedure.
B.J.G. explained the biopsy procedures and its associated risks before
cleaning the participants’ mid-thigh with a disinfectant (Dexidin II;
Laboratoire Atlas Inc., Canada) and injecting the skin with a local anes-
thetic (2% lidocaine with epinephrine; Teligent Inc., USA). For the
microbiopsy needle (Medax Biofeather, Italy) procedure, a ~2mm
diameter cannula was then inserted vertically (~90� angle) ~4 cm into
the vastus lateralis. The cannula served as a guide for the microbiopsy
needle, which obtained a muscle sample at a depth of ~8 cm by making
three separate cuts with the needle turning~90� between each cut (Islam
et al., 2019). We inserted the needle to the top of the cannula during each
biopsy in an attempt to obtain samples at similar depths. Together, the
guide and microbiopsy needle were inserted in the muscle for ~45 s. For
the Bergstr€om procedure, B.J.G. made a small incision in the skin and
deep fascia prior to vertically inserting (~90� angle) the Bergstr€om
needle (~3.5mm diameter) to a depth of ~8 cm. Unlike the microbiopsy
needle, the Bergstr€om technique is unable to control for needle insertion
depth. As described previously (Edgett et al., 2013), we modified the
Bergstr€om technique (Bergstr€om, 1975) with manual suction to obtain
skeletal muscle samples. The Bergstr€om needle was inserted in the



Fig. 1. Experimental design timeline (A) and list of measures at each time point (B). BSL, baseline; ↑, time of biopsy; VO2peak, peak oxygen uptake test; PCS, pain
catastrophizing scale; BPI, Brief Pain Inventory; BPI-6, only question #6 of Brief Pain Inventory; VAS, visual analog scale; PPI, present pain intensity; McGill-D, sensory
and affective descriptors from the short form McGill Pain Questionnaire. * Measures collected only during biopsies (not collected pre-biopsy).
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muscle for ~10 s. After a sample was obtained, B.J.G. covered the
microbiopsy site with an adhesive bandage and closed the Bergstr€om
needle incision site with a suture prior to covering with an adhesive
bandage. Given that the two needles require slightly different proced-
ures, the participants could not be blinded to the biopsy needle. How-
ever, in an attempt to reduce the impact of performance and/or observer
bias, the researchers provided equal verbal support during the biopsy
procedures and did not share the above-mentioned hypotheses with
participants (Boter, van Delden JJM, de Haan, & Rinkel, 2003). The
location of the two biopsies were approximately one inch apart on the
non-dominant leg (second biopsy sampled distally from the first biopsy
site). We are not aware of any evidence suggesting that moving proxi-
mally vs. distally impacts pain responses, hemodynamic reactivity, or
fibre type composition. Further, previous studies (Halkjaer-Kristensen &
Ingemann-Hansen, 1981; Nederveen et al., 2020; Sahl et al., 2018;
Simoneau, Lortie, Boulay, Thibault, & Bouchard, 1986) have reported
similar fibre type composition between samples obtained from similar
distances (2–3 cm apart) on the vastus lateralis. H.I. handled all skeletal
muscle sample processing, which involved rapidly snap-freezing a
portion of the sample in liquid nitrogen (~-80 �C) and embedding a
second portion in optimal cutting temperature (O.C.T.) compound (Tis-
sue-Tek, Sakura Finetek, U.S.A.) before being frozen in liquid
nitrogen-cooled isopentane. All samples were subsequently stored at
�80 �C until immunofluorescence (O.C.T. embedded tissue; described
below) or weight analysis (tissue not embedded in O.C.T.).
2.3. Pain surveys

The present study used four pain surveys (all surveys included in
supplemental material), and Fig. 1 depicts when each survey was
completed. All surveys were described and administered by J.T.B. In an
attempt to reduce observer bias, two other researchers (N.Physiological
and A.G.) entered and coded all survey data so that outcome analysis was
conducted in a blinded fashion.

2.3.1. Pre-biopsy surveys
Prior to the first skeletal muscle biopsy, participants completed the

Pain Catastrophizing Scale (PCS), which is a validated and reliable 13-
item survey to gauge the degree that an individual catastrophizes a
painful stimulus (Osman et al., 1997; Sullivan, Bishop,& Pivik, 1995). In
brief, the PCS asked participants to reflect on previous pain experiences
and rate the degree to which they experienced a given thought or feeling
from not at all (0) to all the time (4). A PCS score for each participant was
calculated by summing scores from all 13 questions. PCS scores were
used to determine whether biopsy-induced perceptions of pain were
associated with participants’ tendency to catastrophize painful
experiences.
3

2.3.2. During-biopsy surveys
Three different measures were used to quantify perceptions of pain

before (baseline) and during the skeletal muscle biopsies. First, partici-
pants completed the validated and reliable full Brief Pain Inventory (BPI)
(Cleeland & Ryan, 1994; Jensen, 2003) at baseline and only question #6
(BPI-6) during the biopsies. BPI-6 asked participants to rate their pain
from “no pain” (0) to “pain as bad as you can imagine” (10). Second,
participants completed a visual analog scale (VAS), which asked partic-
ipants to point to a spot on the scale somewhere between no pain (left
boundary) to worst possible pain (right boundary), and J.T.B. drew a
vertical dash at this point. VAS responses were determined by measuring
the distance (cm) from the left boundary to the participant's vertical dash.
Third, participants completed the Present Pain Intensity (PPI), a
component of the validated and reliable McGill Pain Questionnaire
(Jensen, 2003; Melzack, 1975), which asked participants to rate their
pain across a 6-point scale ranging from no pain (0) to excruciating (5).
Change scores (Δ) for BPI-6, VAS, and PPI were calculated for each
participant by subtracting their baseline value from their
during-biopsy-value. In addition to quantitative assessments of pain, the
McGill Pain Questionnaire descriptors (Melzack, 1975), herein referred
to as McGill-D, were used to qualitatively characterize perceptions of
pain during the skeletal muscle biopsies. The McGill-D asked participants
to provide a rating from none (0) to severe (3) across 11 sensory and 4
affective descriptors.

2.3.3. Post-biopsy surveys
To assess perceptions of pain following the skeletal muscle biopsies,

participants completed the three quantitative pain measures (BPI [results
for BPI-6], VAS, and PPI) during the acute (1–12 h) and sub-acute (1–6
days) post-biopsy recovery period. However, only PPI data was analyzed
(see statistical analysis and results for more details). Additionally, in an
attempt to gauge the impact of skeletal muscle biopsies on daily living,
participants completed the BPI and results for question #9 were analyzed
during the sub-acute (1–6 days) recovery period. BPI-9 asked participants
to rate the degree of pain-related interference for seven different aspects
of daily living (e.g. mood, sleep, walking ability; see supplemental ma-
terial for full list) from “does not interfere” (0) to “completely interferes”
(10). One week following the second biopsy, participants returned to the
lab to complete the exit survey, which consisted of 5 questions gauging
participants’ overall perceptions and preferences of both needles.
2.4. Hemodynamic reactivity

We assessed hemodynamic reactivity by measuring HR and MAP
before and during skeletal muscle biopsies (Fig. 1). With participants
laying supine on the biopsy table (same position assumed during bi-
opsies) and their hands maintained at heart level, a finger
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photoplethysmography (Finometer MIDI, Finapres Medical Systems, The
Netherlands) measured heart rate (HR) andmean arterial pressure (MAP)
from the middle finger of the hand opposite the non-dominant leg. HR
and MAP were obtained on a beat-by-beat basis. Participants lay supine
for 7min and resting HR and MAP were calculated as the average values
over the last 2 min of this 7-min period. HR and MAP were recorded
continuously during the biopsy procedure. During-biopsy HR and MAP
values were calculated as the average HR and MAP during the time
period that the biopsy needle was inserted in the leg. Biopsy-induced
changes in HR and MAP (ΔHR and ΔMAP, respectively) were calcu-
lated by subtracting resting HR and MAP values from their respective
during-biopsy values.

2.5. Fibre type composition

Fibre type composition was determined in O.C.T.-embedded skeletal
muscle samples as we have previously described (Bloemberg & Quad-
rilatero, 2012; Scribbans et al., 2014). In brief, ten micrometre-thick
cryosections were cut using a cryostat maintained at �20 �C and moun-
ted onto positively charged microscope slides (SuperFrost Plus, VWR
International, U.S.A.). Immunofluorescence analysis of myosin heavy
chain (MHC) was performed using primary antibodies against MHCI
(BA-F8), MHCIIA (SC-71), MHCIIX (6H1), and sarcolemmal dystrophin
(MANDYS1; all primary antibodies from Developmental Studies Hy-
bridoma Bank, U.S.A.) followed by isotype-specific fluorescent secondary
antibodies (Life Technologies, Canada). Sections were then mounted
with Prolong Gold Antifade Reagent (Life Technolgoies, Canada) and
imaged the following day using an Axio Observer Z1 microscope (Carl
Zeiss, Germany). This allowed us to identify type I (blue), type IIA
(green), and type IIX/IIAX hybrid (red) fibres, and the dystrophin stain
(red) helped discern adjacent fibres. All fibres within each cross-section
were counted and composition of each fibre type (I, IIA, and IIX/IIAX)
was expressed as a percentage of the total number of fibres. In an attempt
to reduce observer bias, images were coded by N.P. so that J.T.B could
conduct fibre type analysis in a blinded fashion.

2.6. Statistical analysis

Unpaired t-tests compared participant characteristics between female
and male participants. As a first step to determine whether the order of
needles impacted responses during skeletal muscle biopsies, we per-
formed 2-way repeated-measures ANOVAs (between subject factor: order
of needles; repeated-measures factor: needle) on baseline and during-
biopsy BPI-6, VAS, PPI, HR, and MAP values (data collapsed across
time and sex). This approach is similar to Wellek's method for testing for
carryover effects in crossover designs (Wellek & Blettner, 2012), but
modified by using a 2-way ANOVA rather than an unpaired t-test to ac-
count for 2 factors (needle and order of needles). Given that order of
needles did not significantly impact any outcome (see results section for
more details), order of needles was not included as a between-subject
factor in our subsequent analyses.

Relationships between ΔBPI-6, ΔVAS, and ΔPPI were assessed using
bivariate correlations (data collapsed across needle and sex). Because
ΔBPI-6, ΔVAS, and ΔPPI values were highly correlated (see results sec-
tion/Table 1 Fig. 2 for more details), all subsequent statistical analysis
regarding quantitative perceptions of pain were performed on PPI values
only. We chose PPI because it may be informative than BPI-6 and VAS
given that each PPI value is tied to a qualitative descriptor (e.g. 0¼ no
pain, 1¼mild, 2¼moderate; see supplemental material for full list).
Bivariate correlations examined the relationship between PCS scores and
ΔPPI for both needles (data collapsed across sex).

3-way repeated measures ANOVAs compared mean pain responses
(PPI) and hemodynamic reactivity (HR and MAP) over time and between
needle and sex (repeated-measures factors: time and needle; between-
subject factor: sex). Although we investigated sex-effects for our
during-biopsy measures (2 time points), we believe our study was not
4

sufficiently powered to detect possible sex-effects for post-biopsy mea-
sures as a possible sex-effect would likely not persist across the many
time points included in the recovery period (n¼ 9 time points).
Accordingly, post-biopsy PPI and BPI-9 values were collapsed across sex
at each time point and analyzed using 2-way repeated measures ANOVAs
(repeated-measures factors: time and needle). A 2-way repeated mea-
sures ANOVA (repeated measures factors: fibre type and needle)
compared fibre type composition between samples obtained with the
Bergstr€om and microbiopsy needle. Bonferroni post-hoc tests compared
composition (%) across fibre types. A paired t-test compared the weights
of whole muscle tissue (non-O.C.T. embedded portions) collected using
the Bergstr€om and microbiopsy needle. Effect sizes for comparisons be-
tween two means were determined by calculating repeated measures
Cohen's d values using G*Power (version 3.1) (Faul, Erdfelder, Lang, &
Buchner, 2007), and values of .2, .5, or .8 were interpreted as small,
medium, or large, respectively (Cohen, 1992). Significance was accepted
at p< .05 except for the BPI-9 analysis, which used a significance
threshold of p< .007 to account for BPI-9 containing seven sub-questions
(Bonferroni correction: .05/7¼ .007). Statistical analyses were con-
ducted on SPSS version 25 (IBM, USA).

We did not perform statistical analyses on data from the McGill-D or
the exit survey as our small sample size (n¼ 14) provided little statistical
power for categorical analyses (Snapinn& Jiang, 2007). Additionally, the
McGill-D was included to provide qualitative data only, and the exit
survey was not validated (created by the authors) and was only included
to provide exploratory information about participants’ preferred needle.

3. Results

Table 1 presents participant characteristics, including average
VO2peak. There were no significant differences in participant charac-
teristics between females and males except for height, which was
significantly (p< .01) higher in males (Table 1). All pain survey analysis
included 13 participants (M¼ 7, F¼ 6) as 1 female participant did not
return completed surveys to the lab following the second biopsy visit and
did not respond to subsequent communications. The 2-way ANOVAs did
not reveal any significant (all p> .22) main or interaction effects
involving order of needles for any pain (BPI-6, VAS and PPI) or cardio-
vascular (HR and MAP) outcome (data not shown). Accordingly, these
non-significant effects provided justification to exclude order of needles
as a factor in subsequent analysis.

3.1. Pain surveys: pre- and during-biopsies

ΔBPI-6, ΔVAS, and ΔPPI were highly correlated (all p < .01, r > .64;
Fig. 2A–C). As mentioned above (Statistical Analysis), all subsequent
statistical analysis regarding quantitative assessments of pain were per-
formed on PPI values only. PCS scores did not significantly correlate with
ΔPPI for biopsies performed with the Bergstr€om or microbiopsy needle
(both p> .45, r< .25; Fig. 2D).

For ease of viewing, Fig. 3A presents data from the 3-way ANOVAs as
change scores (ΔPPI) in Fig. 3A. We observed a significant main effect of
time (p< .01; d¼ 2.52) and a significant needle� time interaction effect
(p< .01) whereby the Bergstr€om needle increased PPI more than the
microbiopsy needle (d¼ .91). The effect size for the interaction (d¼ .91)
indicates a large effect of the Bergstr€om needle evoking more pain than
the microbiopsy needle. Additionally, we observed a significant main
effect of sex (p< .05; d¼ .31), and a near-significant sex� time inter-
action effect (p¼ .08; d¼ .85) whereby the increase in PPI was trending
to be greater in males than females (Fig. 3A). There were no other sig-
nificant main or interaction effects for PPI scores.

Fig. 4 presents McGill-D responses during the skeletal muscle bi-
opsies. The number of participants reporting a given response (0–3) for
each McGill-D is presented in Fig. 4A. A total sum (Σ) was calculated for
each McGill-D by adding responses across all participants (Fig. 4A).
Accordingly, Σ reflects the magnitude that each McGill-D was endorsed



Fig. 2. Correlations for bivariate correlations between biopsy-induced pain ratings (A–C) and between pain catastrophizing scale (PCS) scores and biopsy-induced
pain ratings (D). Pain ratings presented as change scores (during-biopsy pain score minus pre-biopsy pain score). As described in section 2.6, subsequent analysis
(e.g. panel D) was performed on present pain intensity (ΔPPI) scores only because the three pain variables were highly related (panels A–C). Data in panels A–C
collapsed across needle and sex, and data in panel D is collapsed across sex.
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by participants during the skeletal muscle biopsies. The Σ for each
McGill-D was then used to create a tag cloud (Fig. 4B) whereby the size of
each McGill-D is reflective of Σ (i.e. the greater Σ the larger the font size).

3.2. Pain surveys: post-biopsy

Fig. 5 presents PPI scores during the acute (1–12 h) and sub-acute
(1–6 days) post-biopsy recovery periods. We observed a significant
main effect of time (p< .01), indicating that PPI scores decreased during
the post-biopsy recovery period. However, post-biopsy PPI scores did not
significantly differ by needle (main effect of needle: p¼ .79, d¼ .08;
needle� time interaction: p¼ .71). For BPI-9 scores, we only observed
significant (p< .007) main effects of time for general activity, mood, and
walking ability indicating a decrease in pain-related interference over
time for some but not all aspects of daily living (Supplemental Figure 2).
Although we observed a significant (p< .007) needle� time interaction
for walking ability, no other significant main or interaction effects were
observed for BPI-9 scores (Supplemental Figure 2).

The results from the exit survey are presented in Fig. 6. In general,
participants provided more favourable responses for the microbiopsy
needle compared to the Bergstr€om needle. For instance, although 9/13
participants stated that they would be willing to have another biopsy
performed with the Bergstr€om needle, all 13 participants answered “yes”
to this question for the microbiopsy needle. Further, the majority of
participants (10/13) preferred the microbiopsy needle over the
Bergstr€om needle.

3.3. Hemodynamic reactivity

Thirteen participants were included in the hemodynamic reactivity
analysis (M¼ 7, F¼ 6). One set of female data was excluded from anal-
ysis due to inadequate pulse measurement integrity during measure-
ments. For ease of viewing, data from the 3-way ANOVAs examining the
impact of skeletal muscle biopsies on hemodynamic reactivity are pre-
sented as change scores (ΔHR and ΔMAP) in Fig. 3B–C, respectively. We
5

observed a significant main effect of time (p< .01) for both HR (d¼ 1.26)
and MAP (d¼ 1.13). However, there were no significant main effects of
needle or needle� time interaction effects for HR or MAP (all p> .28;
d< .31). Additionally, there were no significant main effects of sex for
HR (p¼ .30; d¼ .43) or MAP (p¼ .87; d¼ .08) nor any interaction effect
involving sex (all p> .27).

3.4. Fibre type composition

Thirteen participants were included in the fibre type composition
analysis (M¼ 7, F¼ 6), as the microbiopsy did not yield enough tissue for
O.C.T. embedding for one female participant. Fibre type composition
results are presented in Fig. 7. The 2-way ANOVA revealed a main effect
of fibre type (p< .01), and post-hoc tests revealed that there were less
type IIX/hybrid fibres in muscle samples compared to type I and IIA (p <
.01, d > 2.0), but no difference between type I and IIA (p¼ .39 and .12
and d¼ .52 and .78 for Bergstr€om and microbiopsy, respectively).
Importantly, there was no interaction (fibre type x needle) effect
(p¼ .84), indicating that the two needles yielded skeletal muscle samples
with similar fibre type composition. Additionally, weighing the whole
muscle portions not embedded in O.C.T. revealed that the Bergstr€om
needle (85.62� 25.07mg) yielded much more tissue (p< .01; d¼ 2.46)
than the microbiopsy needle (26.23� 5.95mg).

4. Discussion

The present study used a randomized crossover design to compare
perceptions of pain and hemodynamic reactivity to skeletal muscle bi-
opsies performed with the Bergstr€om and microbiopsy needles. The main
findings were 1) compared to the microbiopsy needle, the Bergstr€om
needle elicited larger PPI scores but similar hemodynamic reactivity
during the skeletal muscle biopsy (Fig. 3), 2) both needles produced
similar PPI scores during the post-biopsy recovery period (Fig. 5), 3) most
participants preferred the microbiopsy needle over the Bergstr€om needle
(Fig. 6), and 4) despite the Bergstr€om needle yielding larger skeletal



Fig. 3. Changes (Δ; during-biopsy value minus base-
line value) in present pain intensity (PPI; A), heart rate
(HR; B) and mean arterial pressure (MAP; C) during
skeletal muscle biopsies performed with the Bergstr€om
and microbiopsy needles. Changes were calculated as
during-biopsy value minus baseline value. Circles
represent group averages, vertical lines represent
standard deviations, and individual participant data
are presented as the thin horizontal/angled grey lines
(note two males and females have overlapping data in
panel A; n ¼ 7 males, n ¼ 6 females). * Significant
main effect of time,^ significant needle � time inter-
action, y significant main effect of sex. All significance
accepted at p< .05.
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muscle samples, both needles yielded skeletal muscle samples with
similar fibre type compositions (Fig. 7). Taken together, our findings
suggest that studies not requiring large amounts of tissue
(i.e.>~30–40mg) or certain muscle fibre lengths should consider using
the microbiopsy needle. However, future work is needed to determine
whether variations in biopsy procedures and/or types of Bergstr€om/
microbiopsy needles alter the finding that the Bergstr€om needle is
perceived as more painful and less favourable than the microbiopsy
needle.

To our knowledge, little research has investigated pain responses
during skeletal muscle biopsies in human participants (Hayot et al., 2005;
Dengler et al., 2014), and we believe the present study is the first to
qualitatively characterize perceptions of pain during biopsies. Interest-
ingly, we found that “cramping”, “aching”, and “tender” were the three
most heavily endorsedMcGill descriptors for biopsies performedwith the
Bergstr€om and microbiopsy needles (Fig. 4). Although the PCS is a
validated survey that typically predicts pain scores (Sullivan et al., 1995),
we did not observe significant correlations between PCS scores and
biopsy-induced pain ratings (Fig. 2D). It is currently unclear whether
these insignificant correlations suggest that the PCS does not predict
perceptions of pain during skeletal muscle biopsies or whether they
highlight insufficient statistical power owing to our small sample size.
Nevertheless, our finding that the Bergstr€om needle evoked a larger
perception of pain than the microbiopsy needle (Fig. 3A) is consistent
6

with previous work comparing pain responses during biopsies performed
with both needles (Hayot et al., 2005) and other work demonstrating a
dose–response relationship between pressure diameter and muscle pain
response (Finocchietti et al., 2011; Lautenbacher et al., 2005). However,
the Bergstr€om needle did not elicit greater hemodynamic reactivity
compared to the microbiopsy needle (Fig. 3B–C), and this finding op-
poses our hypothesis and the relationship between HR and pain intensity
reported in previous work (Tousignant-Laflamme et al., 2005). The
explanation for the apparent dissociation between perception of pain and
hemodynamic reactivity in the present study is unclear, but may be
attributable to our small sample size providing insufficient statistical
power to detect needle-based differences in hemodynamic reactivity.
Future studies with larger sample sizes should examine mechanisms
associated with pain responses (e.g. activation of intramuscular mecha-
nosensitive fibres and sympathetic activity (Graven-Nielsen & Mense,
2001; Tousignant-Laflamme et al., 2005)) to further interrogate the
relationship between perceptions of pain and hemodynamic reactivity
during skeletal muscle biopsies.

A large number of studies have investigated sex differences in pain
responses, and the general consensus is that females are more sensitive to
experimentally-induced pain compared to males (Fillingim, King,
Ribeiro-Dasilva, Rahim-Williams, & Riley, 2009). However, we found
that females reported lower perceptions of pain than males during skel-
etal muscle biopsies (Fig. 3A). Many mechanisms may explain sex



Fig. 4. Qualitative assessments of perceptions of pain during the biopsy procedures. Panel A presents the number of participants reporting a given response (0–3) for
each McGill-D and the total sum (Σ) of responses for each McGill-D. Σ reflects the magnitude that each McGill-D was endorsed by participants during the skeletal
muscle biopsies. The Σ for each McGill-D was used to create a tag cloud (Fig. 3B) whereby the size of each McGill-D is reflective of Σ (i.e. the greater Σ the larger the
font size). N¼ 13 (7M, 6F).

Fig. 5. Time course of present pain intensity (PPI) during the acute (1–12 h) and sub-acute (1–6 days) post-biopsy recovery period. Circles represent group means and
error bars represent standard deviations. N¼ 13 (7M, 6F).
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differences in pain responses (Fillingim et al., 2009), and one possible
factor is the sex of experimenters. Some studies have found that partic-
ipants report lower perceptions of pain when experimenters are of the
opposite sex (reviewed in (Daniali & Flaten, 2019; Fillingim et al., 2009;
Racine et al., 2012)). Accordingly, female participants may have reported
lower perceptions of pain because 3 male researchers were present
during the skeletal muscle biopsy procedures. Future studies including
both male and female experimenters are needed to further explore the
possible interaction between experimenter and participant sex on per-
ceptions of pain during skeletal muscle biopsies.

Future work is also needed to determine whether our findings are
generalizable to biopsies performed using different procedures and/or
needle types. For instance, we made 3 cuts with the microbiopsy needle
(~45 s total) while others studies made 5 cuts in an attempt to increase
muscle sample yield (Hughes et al., 2015). It remains unknown whether
participants respond less favourably if more cuts are made and the
microbiopsy needle is inserted for more than ~45 s. Additionally, other
microbiopsy needles may differ in sharpness or not involve a guiding
7

cannula (e.g. one manufactured by Cook Medical, USA), and it is unclear
whether our findings are generalizable to different types of microbiopsy
needles. Thus, while our findings confirmed our hypothesis that the
larger-diameter Bergstr€om needle evoked greater perceptions of pain
than the microbiopsy needle, future studies should test this hypothesis
using different biopsy procedures and/or needle types.

The present findings point to several important practical implications
for future studies performing skeletal muscle biopsies on human partic-
ipants. First, mean PPI scores following the muscle biopsies were low for
both needles (range ~0–1.5 out of 5 maximum) suggesting that pain
induced by the biopsies did not persist during the post-biopsy recovery
period (Fig. 5). Further, the relatively flat lines for mean BPI-9 scores
indicated that biopsies performed with either needle resulted in little to
no pain-related interference across several aspects of daily living (Sup-
plemental Figure 2). Although we did not observe biopsy-related com-
plications in the present study, Tarnopolsky et al. (Tarnopolsky, Pearce,
Smith, & Lach, 2011) reported remarkably few complications (e.g.
arterial bleeding, hematomas, and local skin infections) following



Fig. 6. Data from the exit survey that gauged participants' overall perceptions and preferences of the Bergstr€om and microbiopsy needle procedures. N¼ 13 (7M, 6F).
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~14 000 Bergstr€om needle skeletal muscle biopsies. Collectively, these
findings suggest that skeletal muscle biopsies elicit moderate but tran-
sient painful experiences and are safe procedures that do not negatively
impact various aspects of daily living. Second, our exit survey found that
the majority of participants preferred the microbiopsy needle over the
Bergstr€om needle (Fig. 6). Moreover, 4 participants said they were un-
willing to have another Bergstr€om needle biopsy whereas all 13 partic-
ipants were willing to have another biopsy performed with the
microbiopsy needle (Fig. 6). Although it appears the microbiopsy needle
is perceived more favourably than the Bergstr€om needle, the findings
from our exit survey should be interpreted with caution as the validity
and reliability of this survey are unknown.

In addition to measuring pain responses and hemodynamic reactivity,
we found that the Bergstr€om and microbiopsy needles yielded skeletal
muscle samples with similar fibre type compositions (Fig. 7). This
apparent similarity is consistent with previous studies comparing fibre
type composition between two biopsies performed with the same type of
needle (Sahl et al., 2018; Nederveen et al., 2020; Simoneau et al., 1986;
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Halkjaer-Kristensen & Ingemann-Hansen, 1981). However, repeated bi-
opsies do not always yield samples with similar fibre type compositions
(Boman, Bur�en, Antti, & Svensson, 2015), and we recently reported poor
reliability in fibre type composition between separate portions of the
same biopsy sample (Islam et al., 2019). Although the discrepancies
between these findings are currently unclear, our findings support the
hypothesis that differences in fibre type compositions between the
Bergstr€om andmicrobiopsy needles are attributable to obtaining samples
at different muscle depths (Hughes et al., 2015) (Supplemental Figure 1).
Given that many molecular characteristics are fibre type dependent (e.g.
mitochondrial content, substrate storage, etc.) (Schiaffino & Reggiani,
2011), our findings suggest that molecular comparisons can be made
between samples obtained with the Bergstr€om andmicrobiopsy needle as
long as samples are obtained at similar muscle depths. However, we did
not measure insertion depths during muscle sampling, and we cannot be
certain that samples were collected at an identical relative position
within the vastus lateralis. For instance, it is possible that sex-based dif-
ferences in thigh adiposity (Maden-Wilkinson, McPhee, Rittweger, Jones,



Fig. 7. Representative images from a single participant (A) and fibre type
composition results (B) of skeletal muscle samples collected using the Bergstr€om
and microbiopsy needles. In panel A, blue fibres are type I, green are type IIA,
and red/green are IIX/IIAX (labelled as “IIA/X”), and scale bars represent 100
μm. In panel B, circles represent group averages, vertical lines represent stan-
dard deviations, and individual participant data are presented as the thin hor-
izontal/angled grey lines. N ¼ 13 (7M, 6F). * Significantly (p< .05) different
than type I and type IIA fibres.
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& Degens, 2014; Nevill, Stewart, Olds, & Holder, 2006) resulted in
different needle insertion depths between male and female participants.
Future work should consider measuring muscle sampling depths to
confirm the finding that the Bergstr€om and microbiopsy needles yield
samples with fibre type composition when collected at the same relative
position within the muscle.

5. Conclusion

We found that skeletal muscle biopsies performed with the Bergstr€om
needle are perceived as more painful than biopsies performed with the
microbiopsy needle, and both needles elicited similar hemodynamic
reactivity and yielded samples with similar fibre type compositions.
These findings suggest that future studies should consider using the
microbiopsy needle if large amounts of tissue (i.e.> 30–40mg) or certain
muscle fibre lengths are not required. However, future studies are needed
to determine whether our findings are generalizable to biopsies per-
formed with different procedures and/or types of Bergstr€om/micro-
biopsy needles. Future work can also explore whether differences in
needle characteristics (e.g. level of sharpness) impact perceptions of pain
or hemodynamic reactivity.
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