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Abstract

Aims: Muscle biopsy techniques range from needle muscle biopsy (NMB) and

conchotome biopsy to open surgical biopsy. It is unknown whether specific biopsy

techniques offer superior diagnostic yield or differ in procedural complication rates.

Therefore, we aimed to compare the diagnostic utility of NMB, conchotome and open

muscle biopsies in the assessment of neuromuscular disorders.

Methods: A systematic literature review of the EMBASE and Medline (Ovid) databases

was performed to identify original, full-length research articles that described the muscle

biopsy technique used to diagnose neuromuscular disease in both adult and paediatric

patient populations. Studies of any design, excluding case reports, were eligible for

inclusion. Data pertaining to biopsy technique, biopsy yield and procedural complications

were extracted.

Results: Sixty-four studies reporting the yield of a specific muscle biopsy technique and,

or procedural complications were identified. Open surgical biopsies provided a larger

tissue sample than any type of percutaneous muscle biopsy. Where anaesthetic details

were reported, general anaesthesia was required in 60% of studies that reported open

surgical biopsies. Percutaneous biopsies were most commonly performed under local

anaesthesia and despite the smaller tissue yield, moderate- to large-gauge needle and

conchotome muscle biopsies had an equivalent diagnostic utility to that of open surgical

muscle biopsy. All types of muscle biopsy procedures were well tolerated with few

adverse events and no scarring complications were reported with percutaneous

sampling.

Conclusions: When a histological diagnosis of myopathy is required, moderate- to

large-gauge NMB and the conchotome technique appear to have an equivalent diagnos-

tic yield to that of an open surgical biopsy.
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INTRODUCTION

A muscle biopsy has long been considered the cornerstone of the

diagnosis of myopathy [1]. Despite advances in serological and

genetic evaluation of myopathies, histopathological evaluation of skel-

etal muscle remains an important diagnostic test in patients with

quantifiable weakness of uncertain aetiology [2]. Evaluation of muscle

tissue through biopsy may permit a specific diagnosis, support or

exclude a diagnosis made on clinical grounds and provide invaluable

material for functional studies, molecular analyses or biobanking. Mus-

cle biopsies are generally targeted to muscles that are suspected to be

affected by disease; either because of clinical weakness, evidence of

active myopathy on electromyography (EMG) studies or imaging

changes detected by ultrasound (US) or magnetic resonance imaging

(MRI) [2]. Deltoid, biceps and quadriceps muscles are commonly biop-

sied, as established norms for fibre type percentages and muscle fibre

size of these muscle groups exist [2]. The volume of muscle tissue

obtained in a given biopsy sample is important because a yield of at

least 200–250 muscle fibres in a well-oriented transverse section is

generally required to confidently diagnose or exclude a myopathic

process on histological grounds [3]. Sample volume is also an impor-

tant consideration for nonmorphological diagnostic tests, such as

mitochondrial studies.

Various muscle biopsy techniques exist (Figure 1). Based upon

institutional experience, preference is given to either open surgical

biopsy, needle muscle biopsy (NMB) or conchotome biopsy. Open

muscle biopsies require a surgical team, with or without general

anaesthesia, and an incision through the skin, subcutaneous tissue

and muscle fascia, to obtain a sample that is characteristically

1 cm � 0.5 cm in size [2]. Needle muscle biopsies are performed with

needles of various gauges, commonly under local anaesthesia or light

sedation, and can be performed at the bedside. A specialised muscle

biopsy needle, the Bergström needle was developed in the 1960s,

when percutaneous NMB was reintroduced to routine clinical practice

[4]. This needle, constructed of two parallel cylinders of up to 5 mm in

diameter, can yield sufficient muscle tissue without the need for an

open incision. While NMB has the advantage of not requiring general

anaesthesia or a large incision, the tissue yield of an NMB is smaller

[5]. Insufficient yield of tissue from an NMB has been considered a

limitation of this procedure, leading to the introduction of suction

NMB to increase the volume of tissue obtained with each procedure

[3]. The Well–Blakesley conchotome forceps (alligator forceps that

open with a scissor grip [3]) are an alternative to the Bergström needle

for percutaneous muscle biopsy, again allowing for bedside muscle

biopsy under local anaesthesia. A conchotome biopsy is thought to

yield a similar volume of tissue as an NMB, but the conchotome for-

ceps may allow for more precise placement of the forceps compared

with percutaneous needle puncture, which may be advantageous in

diagnosing focal rather than diffuse myopathic changes [3].

The diagnostic equivalence of various muscle biopsy techniques

has not been systematically compared. Given the potential benefits of

an NMB or conchotome biopsy, it is of clinical importance to establish

whether an NMB has equivalent diagnostic utility to an open surgical

biopsy. Therefore, we performed a systematic literature review of

NMB, conchotome and open muscle biopsies, both in relation to the

volume of muscle tissue obtained and the diagnostic yield of each

procedure.

METHODS

This study was performed in accordance with the Preferred Reporting

Items for Systematic Reviews and Meta-Analysis (PRISMA) checklist

[6]. A systematic literature search of the EMBASE and Medline (Ovid)

databases from January 1970 to July 2021 was performed to identify

original research articles that described the muscle biopsy technique

used to diagnose neuromuscular disease in either adult or paediatric

patients. Keywords used in the search were (muscle, muscles or mus-

cular), (biopsy, biopsies, microbiops*), (percutaneous or needle or nee-

dles), conchotome (diagnosis or diagnostic or pathology or sensitivity

or specificity or classification or safety or complication).

After de-duplication, all retrieved abstracts were reviewed by a

single author (JD) to identify relevant studies for full-text review. If

there was any uncertainty about study eligibility, it was included for

full-text review. Two authors (LR and JD) independently reviewed the

full text of all eligible abstracts. Each author independently assessed

the eligibility of all full-text articles and uncertainty was resolved by

consensus. Studies were eligible for inclusion if they were original

research articles that provided information about muscle biopsy tech-

nique and described the muscle biopsy sample size, diagnostic yield or

complications of the procedure. Human studies of any neuromuscular

condition published in English were eligible for inclusion. Studies were

excluded if combined nerve and muscle biopsies were performed.

Studies including both adult and paediatric populations were eligible.

Case reports and scientific meeting abstracts were excluded from the

review. The same two authors independently extracted information

regarding the study design and patient population, muscle biopsy

technique and biopsy yield and procedure complications according to

a prespecified template (see Data S1). An open surgical muscle biopsy

Key points

• Muscle biopsy remains an important diagnostic test for

patients with muscle weakness of unknown aetiology.

• Various muscle biopsy techniques exist, including needle

muscle biopsy, conchotome muscle biopsy and open sur-

gical biopsy. The diagnostic equivalence of each biopsy

technique has not previously been compared.

• The moderate- to large-gauge needle and conchotome

biopsies have an equivalent diagnostic yield to an open

surgical biopsy, with the advantage of requiring only local

anaesthesia, with or without light sedation.

• Muscle biopsies, irrespective of the technique, are safe

and well tolerated with few adverse events reported.
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was defined as a biopsy requiring an incision through the skin and

subcutaneous tissue and excision of muscle tissue using a scalpel. A

fine-needle biopsy (FNB) was defined as a percutaneous diagnostic

procedure performed using a 14- to 16-gauge needle. A moderate-

gauge NMB was defined by the use of a 9- to 10-gauge needle, and a

large-gauge NMB was defined by the use of <9-gauge needle to per-

form a percutaneous procedure. Descriptive statistics were used to

present the study results. Owing to the heterogeneity of study meth-

odology and outcome, it was not possible to perform a meta-analysis

of the data extracted. Abstracts were screened using the citation man-

agement software Covidence (www.covidence.org), and full-text arti-

cles were managed using the bibliographic manager EndNote X9.3.3

(Thomas Reuters). Ethical approval was not required for this study.

RESULTS

The search identified 9536 citations which after de-duplication left

5479 references for review. The full text of 124 studies was reviewed.

A further 41 references were identified through manual searching of

study reference lists. A total of 64 studies met the prespecified criteria

for inclusion in the final review (Figure 2). The study characteristics of

all studies included in the final review are detailed in Table 1 and

Figure 1.

Studies considered the role of muscle biopsy in the evaluation of

suspected neuromuscular disorders (n = 26), myopathy not further

specified (n = 13), muscular dystrophies (n = 5), idiopathic inflamma-

tory myositis (n = 4), healthy volunteers (n = 8) and other diagnoses

(n = 8). Most studies (n = 43 [67%]) were retrospective analyses.

Data from adult patients were presented in 48 (75%) studies. Paediat-

ric data were presented in 32 (43%) studies. Twenty-two (34%) stud-

ies reported open surgical biopsy results, 26 (41%) reported large-

gauge NMB results, 10 (16%) studies reported results of FNB, four

(6%) studies reported moderate-gauge NMB results and five (8%)

studies reported conchotome biopsy findings. Eight (13%) studies

compared two different biopsy techniques. Ten open surgical

biopsies studies reported the type of anaesthesia used, with general

anaesthesia used in 6/10 (60%) studies. Of these six studies, five

were in a paediatric population and thus only one adult study

reported the use of general anaesthesia during open biopsy. Needle

F I GU R E 1 Types of muscle biopsy. Note: n = number of studies of each muscle biopsy technique included in this review.
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biopsies and conchotome biopsies were generally performed under

local anaesthesia (n = 40 [95%]) and commonly in outpatient or bed-

side settings.

Muscle selection

Quadriceps muscles were the most commonly biopsied site, represent-

ing more than 50% of muscle biopsy sites for all types of muscle biopsy

except moderate-gauge NMB. The range of muscles sampled is illus-

trated in Figure 3A. Across all studies, 11 different muscle groups were

sampled surgically, nine using FNB, eight using conchotome and seven

using moderate- to large-gauge needles. The site of muscle biopsy was

selected based on imaging in only a minority of studies, with only three

(4.69%) studies using MRI results to guide the selection of muscle

biopsy sites and a further two (3.13%) studies using US to landmark

the biopsy site. A further six (9.39%) studies used US to guide NMB

for safety rather than muscle selection. An FNB was the most likely

biopsy type to be image guided, typically using US (Figure 3B). The site

of conchotome and open muscle biopsies performed as part of clinical

care, outside of clinical trials, were selected based on clinical examina-

tion and EMG findings. There was little data evaluating the role of

imaging to guide or inform muscle biopsies, based on radiological evi-

dence of active myopathy. An uncontrolled series reported a diagnos-

tic yield of 93% from US-targeted biopsies [29]. The results from the

single study to compare US-targeted biopsies to those guided by clini-

cal and EMG findings alone suggested US targeting of muscle sites was

not superior to the selection of muscles on clinical and/or EMG find-

ings alone [56]. Inclusion of MRI as part of the diagnostic evaluation

for idiopathic inflammatory myopathies showed that sampling a muscle

of intense T2-weighted signal reduced the false negative biopsy rate

to 0.19 compared with the overall cohort false negative biopsy rate of

0.23 [23]. One small study suggested a 100% diagnostic yield of biop-

sies from sites selected by positive MRI and additional targeting of

biopsy site using US at the time of the procedure [51].

Sample yield

Thirty-eight studies quantified the yield of muscle tissue from the

biopsy technique under investigation; however, results were variably

reported (Table 2). Thirty-nine studies reported the rate of inadequate

tissue sampling to permit histological analysis. Not unexpectedly, the

largest tissue samples were obtained from open surgical biopsies. There

F I G UR E 2 PRISMA flowchart of
study selection process.
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was a graded relationship between the size of the needle used for

NMB and the frequency of inadequate tissue sampling. However, only

FNB had an inadequate tissue sample frequency of more than 4%.

Diagnostic yield

Thirty-four (53%) studies provided data on the diagnostic yield of the

muscle biopsies (Table 3). Muscle biopsy findings contributed to a

clinical diagnosis in 31% to 100% of procedures. The tests performed

on muscle tissue were not standardised across studies, which may

have contributed to the variable diagnostic yield observed. Only

11 studies reported isolating genetic material from muscle tissue for

analysis; the majority of these were published after 2007 and per-

formed targeted gene profiling [11, 12, 18, 24, 26, 30, 36, 43, 47,

54, 55]. There was no observed difference in the diagnostic yield of

muscle biopsy between specific neuromuscular disorders.

A comparison between the diagnostic yield of various muscle

biopsy techniques was performed in eight studies. One study com-

pared conchotome biopsy to a large-gauge NMB, with both proce-

dures performed in all study participants under local anaesthetic.

Study results indicated equivalent diagnostic utility for both proce-

dures but less pain resulting from a conchotome biopsy [64]. Two

studies made a direct comparison between the diagnostic yield of

NMB, one study comparing FNB and the second comparing large-

gauge NMB to open surgical biopsies performed in the same patient.

These studies both demonstrated equivalent diagnostic information

can be gained from both procedures [65, 68]. Retrospective chart

review of the diagnostic yield of FNB compared with open biopsy at

two different centres suggested a reduced sensitivity (80% to 83%) of

FNB for the detection of neuromuscular disorders compared with

open biopsy (95% to 98%). However, in these studies, both proce-

dures were not performed in each patient, and the diagnostic yield of

each respective procedure was calculated from tissue samples taken

from different patients [69, 70].

The clinical utility of repeat muscle biopsy was investigated in

single-centre retrospective studies [7, 12, 59]. Repeat muscle biopsy

secured a diagnosis in 24% of patients and supported treatment deci-

sions in a further 45% of patients in one series [12]. A second case

series found that 47% of repeat muscle biopsies demonstrated differ-

ent findings compared with initial biopsy results [7]. Repeat biopsy

findings were more likely to be clinically relevant if the procedure was

performed in a patient with a definite abnormal and inflammatory ini-

tial biopsy, ongoing proximal muscle weakness without myalgia and if

the follow-up biopsy showed evidence of polymyositis or inclusion

body myositis [7].

Complications

Muscle biopsy, irrespective of the biopsy technique, was generally

well tolerated with a complication rate of less than 3% for all compli-

cations except haematoma or ecchymosis (Table 4). Haematoma orT
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F I GU R E 3 Site of muscle biopsy. (A) The range of muscles sampled using various muscle biopsy techniques. (B) Muscle selection strategies
employed for various muscle biopsy techniques. ‘Fine’, ‘moderate’ and ‘large’ refer to needle biopsy size. Cohorts in which the needle size was
not described have been excluded. N: number of biopsies; n: number of studies; NR: not reported.

T AB L E 2 Muscle biopsy sample yield.

Biopsy type

Sample yield
Rate of inadequate sampling
for histological analysis

PercentageRangeWeight (mg)Fibres per sectionVolume

Open [8, 9, 11, 14, 17, 18, 22, 24, 63, 65, 69, 70] 1–3 � 1 cm3

pieces

n = 6 studies

NRNR 0% to 5%

n = 10 studies

4/1294

(0.3%)

Fine-gauge needle [25–31, 65, 67, 70] 2 � 0.2 cm3

pieces

n = 1 study

min: 144 (38–286)a

max: 500

n = 5 studies

min: 4.2 ± 2.7 mgd

max: 55 ± 17 mgd

n = 5 studies

0% to 15%

n = 7 studies

68/598

(11.4%)

Moderate-gauge needle; no vacuum [33] NR 125 (80–40)a

n = 1 study

12–28 mgb

n = 1 study

NRNR

Moderate-gauge needle with vacuum

[32, 34, 35]

NRNR min: 190 mg

(80–500 mg)c

max: 377–550 mgb

n = 2 studies

0% to 8%

n = 3 studies

8/242

(3.3%)

Large-gauge needle; no vacuum

[37–40, 44–46, 52, 53, 55, 66–68]

NR min: 400–1200b

max (infants):

5000–10,000b

max (adults):

1060–1350b

n = 4 studies

min: 37 ± 3 mge

max: 217 ± 89 mgd

n = 8 studies

0% to 8.3%

n = 9 studies

39/2312

(1.7%)

Large-gauge needle with vacuum

[36, 41–43, 47, 48, 50, 51, 54, 64]
2 � 0.5–1 cm3

pieces

n = 1 study

425 (288–623)c

n = 1 study

min: 61.5 ± 15.7 mgd

max: 233 ± 41.6 mgd

n = 8 studies

0% to 8%

n = 8 studies

29/14,027

(0.2%)

Conchotome [59–62, 64] NR 500 (100–2000)c

n = 1 study

min: 23–123 mgb

max: 500–1000 mgb

n = 5 studies

0% to 3%

n = 4 studies

26/1500

(1.8%)

Note: Grey shaded boxes = data not reported for specific biopsy type.

Abbreviations: max, maximum; mg, milligrams; min, minimum; NR, not reported.
aMedian (IQR).
bRange.
cMean (range).
dMean ± SD.
eMean ± SE.
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ecchymoses were reported in up to one-third of patients undergoing

large-gauge NMB [44]. However, these results are from a study that

actively screened for postprocedure bleeding complications with US

[44]. Twenty-one (33%) studies that included 2713 biopsies reported

zero complications from any type of muscle biopsy procedure. There

were no complications reported in any studies that performed a

moderate-gauge NMB without vacuum. Wound infections were most

commonly reported in open surgical muscle biopsy studies, affecting

between 1% and 5% of biopsy sites [70] as compared with up to 0.5%

of biopsy sites with large-gauge NMB [42, 49, 54]. Where reported,

surgical incisions were ≥2 cm in length for 75% of open biopsy studies

[17, 19, 22, 63] and ≤1 cm for 89% of percutaneous biopsy studies

[25–27, 29–39, 41–44, 47, 48, 50, 52–54, 56, 57, 59–67, 69, 70]. Per-

sistent adverse events following muscle biopsy were uncommonly

reported, with a 3.1% rate of keloid scarring reported in one open sur-

gical biopsy study [15], and persistent sensory disturbance at biopsy

site reported in 0.03% to 1.8% NMB studies [27, 42, 54, 59]. Ongoing

weakness was reported in 2.3% of patients in one study following

conchotome biopsy [60].

In general, muscle biopsies were well tolerated by patients, with

periprocedure pain being the most frequently reported adverse event.

Numerical rating scores of periprocedure pain were between 3.2 and

5.2 (maximum score 10), for various muscle biopsy techniques [25,

26, 35, 63, 67]. Pain persisting for longer than 14 days was infre-

quently reported [28, 60, 61]. Of the few studies that evaluated the

patient experience of the muscle biopsy, a large-gauge needle biopsy

was reported to be more painful than an open surgical biopsy [63],

conchotome biopsy [64] and FNB [67].

DISCUSSION

The results of this systematic literature review demonstrate that mus-

cle biopsy is a safe and generally well-tolerated investigation that aids

T AB L E 3 Diagnostic yield of muscle biopsy procedures.

Biopsy type

Frequency of diagnostic
tests performed on

muscle

Biopsy
contributed to the

diagnosisa

Specific
pathological

findings observed

Normal
histological

findings

Nonspecific or
nondiagnostic findings

observed

Open [8–11, 13–24, 69, 70 MS and HC (100%)]

IHC (70%)

EM (60%)

Western blot (10%)

Metabolic studies (30%)

34% to 91%

n = 9 studies

N = 1317 total

biopsies

23% to 80%

n = 10 studies

N = 2573 total

biopsies

9% to 41%

n = 11

studies

N = 1917

total

biopsies

9% to 53%

n = 13 studies

N = 3038 total biopsies

Fine-gauge needle

[25–31, 65, 67, 70]
MS and HC (100%)

IHC (0%)

EM (33%)

Western blot (0%)

Metabolic studies (33%)

43% to 80%

n = 4 studies

N = 327 total

biopsies

67%

n = 1 study

N = 55 biopsies

13% to 30%

n = 2 studies

N = 260 total

biopsies

13% to 48%

n = 4 studies

N = 417 total biopsies

Moderate-gauge needle

with vacuum [34]

NR 38%

n = 1 study

N = 102 biopsies

NR 17%

n = 1 study

N = 102

biopsies

36%

n = 1 study

N = 102 biopsies

Large-gauge needle; no

suction [37, 39, 45, 50]

MS and HC (100%)

IHC (0%)

EM (100%)

Western blot (0%)

Metabolic studies (100%)

31% to 100%

n = 2 studies

N = 56 total

biopsies

49% to 58%

n = 2 studies

N = 940 total

biopsies

18% to 28%

n = 3 studies

N = 972 total

biopsies

23% to 41%

n = 2 studies

N = 932 total biopsies

Large-gauge with suction

[51, 54]

MS and HC (100%)

IHC (100%)

EM (0%)

Western blot (0%)

Metabolic studies (0%)

54% to 91%

n = 2 studies

N = 164 total

biopsies

35%

n = 1 study

N = 153 biopsies

8%

n = 1 study

N = 153

biopsies

9% to 37%

n = 2 studies

N = 164 total biopsies

Conchotome [59, 60, 62 MS and HC (100%)]

IHC (100%)

EM (50%)

NR 26% to 56%

n = 3 studies

N = 1268 total

biopsies

21% to 34%

n = 3 studies

N = 1268

total

biopsies

13% to 40%

n = 3 studies

N = 1268 total biopsies

Note: Grey shaded boxes = data not reported for specific biopsy type. Only studies that reported the diagnostic yield of initial diagnostic muscle biopsies

are presented. Studies evaluating the yield of repeat muscle biopsies are excluded from this table.

Abbreviations: EM, electron microscopy; HC, histochemistry; IHC, immunohistochemistry; MS, morphological stains; n, number of studies; N, number of

biopsies; NR, not reported.
aAll analyses performed on biopsied tissue, not limited to histological findings.
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the diagnosis of many neuromuscular disorders. Various percutaneous

techniques have been reported, and all except the fine-needle

approach yield sample sizes sufficient for histological analysis. More-

over, the diagnostic yield of a moderate- to large-gauge NMB or con-

chotome biopsy appears equivalent to that of an open surgical biopsy.

These findings have important implications for clinical practice in that

percutaneous muscle biopsy can be safely performed at the bedside

with only local anaesthesia or light sedation. Cardiorespiratory compli-

cations of neuromuscular disease are common, and a diagnostic pro-

cedure that does not require general anaesthesia reduces the overall

risk to the patient. Repeat biopsies to reassess the diagnosis or moni-

tor response to therapy have been demonstrated to be of clinical

utility. The rare persistent adverse event following muscle biopsy sug-

gests that serial assessment of muscle histology may be a viable

method of monitoring response to therapy either in clinical practice or

clinical trials.

The overall diagnostic yield of each muscle biopsy technique was

not possible to calculate because of the heterogeneous data available.

Heterogeneous study methodologies and patient selection as well as

variable outcomes presented precluded any meta-analysis. Moreover,

the medical and surgical specialities involved in requesting, performing

and interpreting muscle biopsies vary within and between institutions

and this heterogeneity in personnel may influence the diagnostic out-

come of muscle biopsy. Variability in muscle processing protocols

T AB L E 4 Complications of muscle biopsy.

Open

Needle
not

Fine gaugedescribed

Moderate
gauge with

vacuum

Large
gauge; no

vacuum

Large gauge with

Conchotomevacuum

Haematoma or

ecchymosis

2.3%

n = 1 [15]

N = 479

NR 1% to 2%

n = 2 [28, 30]

N = 318

23%

n = 1 [35]

N = 13

36%

n = 1 [44]

N = 11

0.01% to 1.4%

n = 4 [42, 48, 49, 54]

N = 16,090

0.6% to 1.2%

n = 3 [59, 60, 62]

N = 395

Bleeding NRNRNR 0.7%–2.9%
n = 2 [32, 34]

N = 230

NR 0.01% to 0.4%

n = 3 [42, 49, 54]

N = 15,711

NR

0.6%Vascular injury

n = 1 [11]

N = 169

NRNRNRNRNRNR

3.1%Keloid scar

n = 1 [15]

N = 479

NRNRNRNRNRNR

Persistent skin

erythema (>3 days)

NRNRNRNRNR 1.27%

n = 1 [49]

N = 496

NR

1% to 5%Wound infection

n = 2 [70]

N = 519

NRNRNRNR 0% to 0.5%

n = 3 [42, 49, 54]

N = 15,711

NR

0% to 1.1%Malignant hyperthermia

n = 2 [19, 20]

N = 967

NRNRNRNRNRNR

Persistent pain (>3 days)

or excessive

intraprocedural pain

NRNR 1%

n = 1 [28]

N = 98

0%

n = 1 [32]

N = 128

0.5%

n = 1 [44]

N = 444

0.03% to 2.4%

n = 4 [41, 42, 49, 54]

N = 15,794

0.7% to 2.3%

n = 3 [59–61]
N = 326

Persistent numbness or

hyperesthesia at

the biopsy site

NRNR 1.8%

n = 1 [27]

N = 55

NRNR 0.03% to 0.15%

n = 2 [42, 54]

N = 15,215

0.7%

n = 1 [59]

N = 149

Persistent weakness NRNRNRNRNRNR 2.3%

n = 1 [60]

N = 86

Anxiety or panic

episode

NR 5%

n = 1 [56]

N = 40

NRNRNR 0.8%

n = 1 [49]

N = 496

NR

Presyncope or syncope NRNR 0.5%

n = 1 [30]

N = 220

NR 1.4%

n = 1 [44]

N = 444

0.2%

n = 1 [48]

N = 379

1.3%

n = 1 [62]

N = 160

Note: Grey shaded boxes = complication not reported for specific muscle biopsy procedure. Data presented from studies that explicitly reported

complications from the procedure.

Abbreviations: n, number of studies; N, number of biopsies across all indicated studies; NR, not reported.
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between laboratories—for instance, the use of a dissection microscope

to orient fibres—may additionally affect the quality of the muscle sam-

ple. Importantly, more recent diagnostic advances such as genetic and

molecular analyses are likely to improve upon the diagnostic yield of

muscle biopsies reported in early studies. While the ‘clinical utility’ of
biopsies was a frequent endpoint, the definition of a useful test is

highly variable depending on the clinical context and question. Mea-

surement of utility based upon a change in diagnosis ignores other

important indications for obtaining a tissue sample. These may include

confirmation of diagnosis, exclusion of potentially progressive and fatal

myopathic conditions, assigning pathogenicity to molecular variants

using RNA sequencing, providing functional insights by linking genetic

abnormalities to morphological phenotypes and biobanking for

research. The few comparative studies included in this review suggest

a reduced sensitivity of FNB for the detection of muscle pathology.

However, the diagnostic utility of conchotome and moderate- to large-

gauge needle techniques appears equivalent to open surgical biopsy.

Few studies included in this review systematically evaluated the

role of imaging to select muscle biopsy sites. Certain myopathies, par-

ticularly idiopathic inflammatory myopathies, are characterised by pat-

chy muscle involvement, and false negative biopsies may occur as a

result of sampling error. Whether imaging may be used to select a rep-

resentative muscle for histological examination and hence improve

the diagnostic utility of muscle biopsies is thus of interest. One study

included in this review concluded that a biopsy of an MRI hyperin-

tense muscle had a lower false negative rate than a biopsy of an MRI

negative muscle [23]. This concurs with an earlier study of 25 patients

(not included in this review because the muscle biopsy technique was

not described) that showed the false negative rate of a muscle biopsy

is reduced when the biopsy site is selected on the basis of abnormal

MRI findings [71]. Aside from MRI, there is growing interest in the role

of novel US techniques to identify muscle pathology [72]. Another

benefit of sonographically guided biopsy is that critical structures may

be visualised in real time, potentially permitting a wider range of mus-

cles to be safely sampled. Larger prospective studies are needed to

definitively demonstrate that image-directed biopsies are superior to

biopsies guided by clinical or EMG findings.

This review has limitations. We intentionally used a comprehen-

sive and inclusive search strategy to capture as many articles that

reported muscle biopsy techniques as possible. It is possible this

review strategy did not identify studies that did not list muscle biopsy

in the abstract or keywords. Our review was limited to English-

language studies and full-length texts, so it is possible that this study

did not include pertinent articles published in other languages or data

published in conference proceedings. Additionally, the heterogeneous

nature of the studies evaluated prevented meta-analysis of data and

pooling of study results. Importantly, the published literature may not

reflect real-world practice or the diagnostic utility of muscle biopsy;

therefore, clinical recommendations regarding specific clinical scenar-

ios cannot be made as a result of this systematic literature review

alone. To ensure this review was as representative of clinical practice

as possible, we elected to include case series and observational stud-

ies. Future endeavours may wish to audit institutional practices

worldwide to ascertain a truer representation of the scope of muscle

sampling techniques. The strength of our conclusions is limited by the

heterogeneity of the data available. However, to our knowledge, this

is the first systematic review of muscle biopsy techniques and is the

largest and most comprehensive comparison of the utility and compli-

cations of muscle biopsies to date.

What does the future hold for muscle biopsies?

Despite the advancements in genetic profiling, autoantibody testing

and the increasing sophistication of muscle imaging techniques, mus-

cle biopsy continues to play an important role in the evaluation of

myopathies. Additionally, while this review did not specifically evalu-

ate the diagnostic role of genetic and molecular analysis of muscle tis-

sue, it is recognised the advent of high-throughput, integrative omics

technologies has further accelerated our ability to interrogate tissues

to an extraordinary level of molecular detail. Although a diagnosis of

specific myopathies such as muscular dystrophy or dermatomyositis

may no longer require a muscle biopsy [1, 73], it is likely that analysis

of affected tissues obtained via muscle biopsy will play an increasingly

important role in the era of personalised, omics-informed neuromus-

cular medicine. It is foreseeable that molecular signatures obtained

from muscle tissue will be increasingly used to understand disease

pathogenesis, guide therapeutic decisions and inform individual

patient prognostics.

CONCLUSIONS

Our results demonstrate that the clinical utility of moderate- to large-

gauge NMB and conchotome biopsies appears equivalent to that of

open surgical biopsies. All muscle biopsy techniques are safe and well

tolerated. NMB and conchotome biopsies have the additional benefit

of being procedures that can be performed under local anaesthetic at

the bedside and do not require a large incision, a surgical team or the-

atre time. Therefore, given the apparent diagnostic equivalence of all

biopsy techniques, NMB or conchotome biopsy could be considered

when histopathological evaluation is indicated in cases of suspected

myopathy.
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