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ABSTRACT
Background  Musculoskeletal disorders (MSDs) are a 
leading cause of disability worldwide and account for a 
substantial proportion of healthcare utilisation. Injection 
therapy combining corticosteroids with local anaesthetic 
(LA) is widely used for MSD management, including 
within physiotherapy practice. Despite widespread use, 
uncertainty remains regarding the safety profile of LAs and 
the potential risk of adverse events.
Objective  To map the available evidence on adverse 
events and associated risk factors following local 
anaesthetic use in the management of musculoskeletal 
disorders.
Methods  A scoping review was conducted following 
Joanna Briggs Institute methodology and reported 
according to Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses extension for Scoping Reviews 
(PRISMA-ScR) guidelines. MEDLINE, CINAHL, PubMed 
and Cochrane were searched from database inception 
to 2025, alongside targeted grey literature searching. 
Studies reporting adverse effects of LAs administered for 
musculoskeletal conditions within physiotherapy scope of 
practice were included. Data were extracted by multiple 
reviewers and synthesised thematically.
Results  39 sources were included. Cytotoxicity, 
particularly chondrotoxicity, was the most frequently 
reported adverse effect, appearing in 74% of included 
sources. Evidence indicated reduced chondrocyte viability, 
mitochondrial dysfunction and apoptosis following 
exposure to commonly used agents such as lidocaine 
and bupivacaine. Systemic toxicity, allergic reactions and 
psychogenic responses were reported less frequently. 
Key risk factors included higher dose or concentration, 
prolonged exposure duration, continuous intra-articular 
infusion, patient comorbidities and accidental intravascular 
injection.
Conclusion  Evidence on adverse effects of LA use in 
MSD management is heterogeneous but consistently 
highlights cytotoxicity as a potential concern. Further 
clinical research is required to quantify risk and guide safer 
injection practices.

INTRODUCTION
Musculoskeletal disorders (MSD), defined 
as diseases impacting the locomotor system 
involving bones, joints and soft tissues, are 
the leading cause of years lived with disability 

worldwide and place a substantial burden on 
individuals and healthcare systems.1 2 In the 
UK, they account for around 30% of primary 
care consultations and are major contributors 
to work absence and persistent pain.3–5 Clinical 
practice guidelines consistently recommend 
conservative, patient-centred management 
as first-line care for MSD.6 However, the fluc-
tuating and often persistent nature of these 
conditions means that symptoms frequently 
recur, and some patients ultimately progress 
to more invasive treatment options.6–8

WHAT IS ALREADY KNOWN
	⇒ Musculoskeletal disorders (MSD) are the leading 
cause of disability worldwide.

	⇒ Injection therapy is a common intervention used in 
those with persistent/recurring symptoms, most of-
ten consisting of a combination of corticosteroid and 
local anaesthetic.

	⇒ Commonly reported factors that influence clinicians’ 
decision to offer local anaesthetic (LA) as part of 
injection therapy for MSD are often not evidence 
based.

	⇒ The existing literature on potential adverse events 
associated with LA use in the management of 
MSD has not been comprehensively mapped or 
synthesised.

WHAT ARE THE NEW FINDINGS
	⇒ Most of the studies investigating adverse events fol-
lowing LA use in vitro experimental designs or non-
systematic literature reviews.

	⇒ Cytotoxicity, specifically chondrotoxicity emerged 
as the most frequently reported adverse event and 
was often suggested to be exacerbated by pro-
longed exposure, higher dosages and the presence 
of osteoarthritis.

	⇒ Other serious adverse events such as systemic 
toxicity and allergic reaction were less frequently 
reported.

	⇒ Despite being fragmented, the current evidence 
base is sufficiently developed to support a focused 
systematic review on the risk of chondrotoxicity fol-
lowing intra-articular LA use.
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Injection therapy, commonly consisting of a combi-
nation of corticosteroid and local anaesthetic (LA), has 
been used in the treatment of MSD for over 70 years and 
has been within the scope of physiotherapy practice since 
1997.9 10 Recent years have seen a progressive increase 
in the number of physiotherapists performing injection 
therapy, likely due to the expansion of advanced prac-
tice and first contact physiotherapy roles.10 11 Although 
evidence regarding its effectiveness is mixed across a 
range of MSD such as tendinopathy, tenosynovitis and 
bursitis, injection therapy is recommended by National 
Institute for Health and Care Excellence (NICE) for the 
management of conditions such as osteoarthritis (OA) 
and for individuals with severe sciatica following unsuc-
cessful conservative management.9 12 13

While the predominant driver for corticosteroid use 
in musculoskeletal (MSK) injections can be attributed 
to its anti-inflammatory properties, rationale for LA 
inclusion appears to be more varied. Amide-type LA are 
most frequently administered in MSK practice in the 
form of lidocaine and bupivacaine. Their membrane 
stabilising effects reduce the propagation of action 
potentials by reversibly blocking sodium gated ion chan-
nels, thus limiting nerve conductivity. This makes them 
well placed to provide local pain relief and aid diag-
nosis during the clinical examination.9 A recent survey 
of injection therapy practices among UK physiothera-
pists found that 58.1% of respondents cited increased 
volume to aid steroid dispersal as the main justification 
for LA use, despite limited evidence of its benefit on 
outcomes.10 14 Emerging evidence has also suggested 
that LAs may possess anti-inflammatory, antimicrobial 
and potential anticancer properties.15 However, despite 
these suggested benefits, as with all medicines, LA use is 
not without risk.16

Adverse events associated with LA use are well docu-
mented in the literature and range from mild allergic-type 
reactions to more serious complications, including 
anaphylaxis and local or systemic toxicity.17 18 However, 
despite these potential risks, questionable mechanisms 
and limited evidence of benefit to longer-term outcomes, 
over 80% of UK physiotherapists practising injection 
therapy report including LA alongside corticosteroids 
for MSK conditions.10 14 19 20 This may be explained, in 
part, by the fragmented and inconclusive nature of the 
existing evidence.

The aim of this scoping review was to systematically 
collate, map and present the available evidence on 
adverse events and risk factors of LA use for MSD. By 
synthesising preclinical and clinical literature, this 
review will describe the range and severity of reported 
complications, including both frequent and rare events, 
as well as factors that may contribute to their occur-
rence. Consolidating the currently fragmented evidence 
base will help advance injection therapy as a treatment 
approach for MSD and identify future research priorities 
in the field.

METHODS
Protocol and framework
This scoping review was conducted following the Joanna 
Briggs Institute (JBI) methodology for scoping reviews, 
which provides a structured and rigorous approach to 
mapping complex and heterogeneous literature.21 The 
review also adhered to the Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses extension for 
Scoping Reviews (PRISMA-ScR) guidelines to ensure 
transparency, reproducibility and completeness in 
reporting.22 The study protocol was not published prior 
to its undertaking. PRISMA-ScR methodology checklist 
can be found as online supplemental materials 1.

Eligibility criteria
As per JBI recommendations, the inclusion/exclusion 
criteria for this review followed the Population, Concept, 
Context concept.21

The inclusion criteria for this scoping review were 
as follows: (1) studies involving human participants 
or human-derived cells in in vitro designs; (2) studies 
reporting adverse effects of LAs administered for the 
treatment of MSK disorders within the scope of phys-
iotherapy practice23; and (3) studies conducted in any 
clinical setting or MSK-related specialism, using any 
study design, including randomised controlled trials, 
observational studies, case reports and literature reviews. 
Exclusion criteria were as follows: (1) studies involving 
non-human participants; (2) studies in which the injec-
tion target was deemed to be outside the scope of 
physiotherapy practice23; (3) studies focused solely on 
dentistry, dermatology or regional anaesthesia; and (4) 
studies not published in English.

Information sources and search strategy
A comprehensive search strategy was developed in 
conjunction with the subject librarian at Sheffield Hallam 
University to capture relevant studies across multiple 
disciplines. The following electronic databases were 
screened due to their relevance to the research topic: 
Cumulative Index to Nursing and Allied Health Litera-
ture (CINAHL), MEDLINE, Cochrane and PubMed. A 
targeted Google Scholar search was conducted with the 
first 100 hits screened to capture grey literature sources 
such as unpublished theses, dissertations, conference 
papers and abstracts.22 References of studies identified 
as suitable for inclusion were screened to identify addi-
tional relevant sources.21

Keywords were categorised according to the Popu-
lation–Exposure–Outcome framework: (“Local 
anaesthetic” OR “local anesthesia” OR “lignocaine” 
OR “lidocaine” OR “bupivacaine” OR “rupivacaine”) 
AND (“injection” OR “intra-articular” OR “soft tissue 
injection” OR “periarticular injection”) AND (“adverse 
effects” OR complications OR “side effects” OR toxicity 
OR “allergic reactions” OR “negative effects” OR “risks” 
OR “neurological effects” OR “cardiovascular effects” 
OR “adverse reactions”) AND (“joint” OR “knee” OR 
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“shoulder” OR “elbow” OR “hip” OR “tendon” OR “liga-
ment” OR “bursa” OR “synovial tissue” OR “muscle” OR 
“soft tissue”) NOT (“nerve block” OR “peripheral nerve 
block” OR “regional anaesthesia”).

The search was performed in April 2025 from the 
inception of each included database.

Selection of sources of evidence
Following duplicate removal, titles and abstracts were 
independently screened by two reviewers, with any 
discrepancies resolved by a third independent reviewer. 
Full-text screening of all sources was subsequently 
undertaken independently by four reviewers, with 
disagreements resolved through consultation with the 
supervisory team.

Data extraction and synthesis
Data was extracted using a standardised table and checked 
by two members of the research team following a piloting 
exercise using one included study. This consisted of the 
following: author, title, study design, aim/purpose, study 
population, type of LA, targeted tissue/joint, mode of 
administration, reported adverse effects, identified risk 
factors and key findings. No formal quality appraisal was 
conducted, consistent with scoping review methodology, 
as the aim was to map the evidence base rather than eval-
uate intervention effectiveness.21

Patient and public involvement
Patients and members of the public were not involved in 
the conceptualisation, design, analysis, interpretation or 
dissemination of this study.

Equality, diversity and inclusion statement
The research team comprised six individuals from the 
UK (JP), India (MW/ON/SB/AR) and Spain (DSB) 
representing a breadth of cultural and ethnic back-
grounds. The group was gender-balanced, with three 
males and three female researchers. Four authors (MW/
ON/SB/AR) completed this work as part of their post-
graduate MSc studies at Sheffield Hallam University. The 
remaining two authors (JP and DSB) are early career 
researchers.

To ensure comprehensive mapping of the existing 
evidence, no restrictions were placed on participant char-
acteristics within the included sources. Our team hopes 
that these findings will support future researchers in 
identifying, exploring and addressing health inequalities 
within this field.

RESULTS
A total of 4313 results were identified through the data-
base search. Following the removal of duplicates, titles 
and abstracts of 3392 studies were screened. 187 articles 
were included for full-text screening, of which 158 were 
excluded for not meeting the inclusion criteria. 29 arti-
cles were identified through database searching, with an 
additional five studies retrieved via Google Scholar. One 
article was identified through reference list screening, 

and four were included through hand searching. In total 
39 studies24–62 were included in the final scoping review 
and taken to data extraction (see figure 1).

Sources were published between 1992 and 2024 
and consisted of 12 (30.7%) experimental studies, 11 
(28.2%) literature reviews, 5 (12.8%) systematic reviews, 
3 (7.7%) case series, 2 (5.1%) cohort studies, 1 (2.6%) 
case report, 1 (2.6%) retrospective comparative study, 1 
(2.6%) pilot study, 1 (2.6%) text and opinion, 1 (2.6%) 
book and 1 (2.6%) editorial. All experimental studies 
were conducted in vitro.

Following data extraction, the findings were organised 
into two main themes: Adverse effects (figure 2) and risk 
factors contributing to adverse effects (figure  3). Each 
was further divided into subthemes reflecting common 
patterns and classifications across the included studies. 
Details of the studies contributing to the development of 
these themes are provided in online supplemental mate-
rials 2.

Cytotoxicity
Cytotoxicity was the most frequently reported adverse 
effect, appearing in 29 (74.3%) sources. Four sources 
described general cytotoxicity, including reduced cell 
viability, apoptosis and mitochondrial dysfunction. Chon-
drotoxicity was the predominant tissue-specific finding, 
reported in 25 of the 29 sources. It was most often 
associated with continuous intra-articular LA adminis-
tration in the glenohumeral joint (n=12), with a smaller 
number of reports involving the knee (n=7). Lidocaine 
and bupivacaine were the most frequently implicated 
agents reported in 26 sources and were associated with 
decreased chondrocyte viability, impaired mitochondrial 
activity and apoptosis.

Systemic toxicity
Systemic toxicity was documented in six studies (15.4%). 
Local anaesthetic systemic toxicity (LAST), described as 
rare but potentially life-threatening, was reported in six 
of these. Central nervous system (CNS) manifestations 
appeared in six studies, including agitation, seizures, 
tinnitus, dizziness, perioral numbness and loss of 
consciousness. Cardiovascular system (CVS) involvement 
was reported in five studies, with presentations such as 
hypotension, bradycardia, arrhythmias and cardiac arrest. 
Methemoglobinaemia was identified in three studies, 
characterised by cyanosis, fatigue, headache and oxygen 
desaturation unresponsive to supplemental oxygen.

Allergic and hypersensitivity reactions
Allergic or hypersensitivity reactions were reported in five 
sources (12.8%). Anaphylaxis was the most frequently 
reported allergic/hypersensitivity reaction, appearing in 
four studies. Of these, two were referenced with regards 
to IgE mediated type 1 hypersensitivity reactions, typically 
presenting with urticaria, angioedema, bronchospasm 
and hypotension. Type 4 delayed hypersensitivity was also 
noted in two sources, manifesting as contact dermatitis, 

B
M

J O
pen S

port &
 E

xercise M
edicine: first published as 10.1136/bm

jsem
-2026-003351 on 12 O

ctober 2026. D
ow

nloaded from
 https://bm

jopensem
.bm

j.com
 on 13 O

ctober 2026 by guest.
P

rotected by copyright, including for uses related to text and data m
ining, A

I training, and sim
ilar technologies.

https://dx.doi.org/10.1136/bmjsem-2026-003351
https://dx.doi.org/10.1136/bmjsem-2026-003351


4 Palmer J, et al. BMJ Open Sp Ex Med 2026;12:e003351. doi:10.1136/bmjsem-2026-003351

Open access

erythema, oedema and pruritus. Two studies reported 
general allergic reactions without specifying type. Ester-
type LAs were more commonly associated with allergic 
responses.

Other adverse effects
A range of other adverse effects not fitting the above 
categories were reported in eight sources (20.5%). 
Psychogenic reactions such as hyperventilation, dizzi-
ness, fainting and anxiety were reported in five studies. 
Vasovagal responses were reported in two studies, 
presenting with bradycardia, hypotension and transient 
loss of consciousness. Pseudo-allergic reactions were also 
reported in two sources, mimicking allergic responses 
in the absence of IgE mediation. General side effects 
such as nausea, vomiting, headache, urinary retention 

and bruising appeared in one source. Malignant hyper-
thermia was reported in a single source.

Risk factors
Dose and concentration
Dose or concentration-related toxicity was the most 
commonly suggested risk factor, reported in 20 sources 
(51.2%). Higher concentrations or cumulative doses of 
LAs were consistently suggested to be associated with 
increased risk of adverse effects. Bupivacaine and lido-
caine were the drugs most frequently implicated with 
reported concentrations ranging from 0.031–2% (most 
commonly 0.5%) to 0.001–2% (most commonly 1%), 
respectively. Similar doses were reported for other amide-
type anaesthetics such as ropivacaine, mepivacaine, 
levobupivacaine with concentration ranges from 0.031% 
to 2%.

The highest reported volume for a single bolus intra-
articular LA injection was 40–60 mL of 0.25% or 0.5% 
bupivacaine or 40–60 mL 1% lidocaine which were 
performed following arthroscopic anterior cruciate 
ligament reconstruction. Studies discussing prolonged 
exposure reported times ranging from 15 min in a 
single in vitro study to 65 hours administered via pain 
pump. The sources reporting on the use of pain pumps 
typically involved infusion of 0.5% bupivacaine with 
volumes ranging from 100 mL to 377 mL and infusion 
rates of 2–3 mL/hour (low-flow) to 4–5 mL/hour (high-
flow).

Figure 1  PRISMA diagram. PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses.

Figure 2  Adverse events honey-comb chart.

B
M

J O
pen S

port &
 E

xercise M
edicine: first published as 10.1136/bm

jsem
-2026-003351 on 12 O

ctober 2026. D
ow

nloaded from
 https://bm

jopensem
.bm

j.com
 on 13 O

ctober 2026 by guest.
P

rotected by copyright, including for uses related to text and data m
ining, A

I training, and sim
ilar technologies.



5Palmer J, et al. BMJ Open Sp Ex Med 2026;12:e003351. doi:10.1136/bmjsem-2026-003351

Open access

Patient-specific factors
Patient-specific risk factors were discussed in 14 sources 
(35.9%). Age was specifically referenced in five studies, 
often in relation to increased risk of adverse events in 
older people, with one of these making specific refer-
ence to LAST risk in ‘infants’ and another referencing 
‘younger’ age groups in relation to chondrotoxicity risk. 
OA (n=5) and cardiovascular disease (n=4) were also 
frequently discussed. Hepatic or renal dysfunction (n=2), 
pregnancy (n=2) and heightened anxiety or needle 
phobia (n=2) were each identified in two studies. Other 
less commonly reported risk factors included low body 
weight (n=1), reduced muscle mass (n=1) and genetic 
enzyme deficiencies (n=1) (eg, pseudocholinesterase 
deficiency).

Duration of administration and mode of administration
Duration of LA exposure emerged as a commonly 
reported risk factor for adverse events, particularly when 
administered via continuous intra-articular infusion 
using a pain pump. This was identified in 13 sources 
(33.3%), 11 of which specifically related to chondrotox-
icity, 1 systemic toxicity and 1 general cytotoxicity. Studies 
which provided specific time frames typically referenced 
administration periods of 30–60 min (n=6), with one 
study reporting 60–240 min.

Risk factors relating to injection technique and mode 
of administration were discussed in 14 sources (35.9%). 
Accidental intravascular injection was referenced in 
seven sources and was commonly discussed in relation to 
systemic toxicity.

Tissue vascularity
Two sources (5.1%) suggested that tissue vascularity may 
act as a risk factor for adverse events, indicating that injec-
tions into highly vascular tissues may increase systemic 
absorption and potentially elevate the risk of CNS and 
CVS toxicity.

DISCUSSION
This scoping review provides a comprehensive overview 
of the available evidence on adverse events following LA 
administration for MSD. Experimental designs consti-
tuted the majority of relevant sources, with narrative 
literature reviews being the second most common study 
design. Our synthesis gives the reader insight into the 
most frequently reported adverse events and risk factors 
associated with LA use.

Cytotoxicity, particularly chondrotoxicity, emerged as 
the most frequently reported adverse outcome across 
the included literature. Substantial LA-induced tissue 
damage was described in both cartilage and surrounding 
soft tissues, although study designs, models and outcome 
measures varied considerably. Although some studies 
suggested that chondrotoxicity may disproportionately 
affect smaller joints, the glenohumeral and knee joints 
were the most frequently cited in reports of chondrotox-
icity.52 This must however be considered in light of the 
fact that these are among the most commonly injected 
joints in clinical practice.10 Their prominence in the 
adverse event literature may therefore reflect exposure 
frequency and reporting patterns rather than an inherent 
size-dependent vulnerability.

Figure 3  Risk factors funnel chart.
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Five included studies suggested OA to be a potential risk 
factor for LA-induced chondrolysis. Degenerative carti-
lage is characterised by structural disruption, including 
superficial layer compromise, chondrocyte depletion and 
extracellular matrix degradation.60 63 These pathological 
features may increase cartilage tissue permeability and 
reduce resilience to chemical insult. When considered in 
light of the poor vascularity of chondral tissue, this could 
be further exacerbated by prolonged intra-articular 
exposure.60 64 The same pathophysiological principles 
may partially explain the proposed association between 
smaller joints and increased cytotoxicity. Reduced syno-
vial fluid extrusion in smaller or non-weight-bearing joints 
may prolong intra-articular retention of the anaesthetic.52 
Conversely, larger compartmentalised joints such as the 
knee may permit greater dispersion and fluid exchange, 
potentially diluting the agent and limiting sustained 
focal exposure.35 Taken together, these findings suggest 
that chondrotoxicity may not be governed by joint size 
in isolation, but by the interaction between degenera-
tive pathology and site-specific pharmacokinetics. While 
mechanistic explanations are primarily derived from in 
vitro and animal models, the convergence of degener-
ative pathology and altered pharmacokinetics appears 
repeatedly in the literature and warrants further investi-
gation in clinical populations.

LAs are frequently administered as intra-articular 
injections in the management of OA, often in combina-
tion with corticosteroids, which themselves have been 
suggested to exacerbate chondrotoxic effects.65 Recent 
surveys of clinicians delivering injection therapy for 
MSD suggest that although most choose to include LA 
when administering intra-articular injections, only 10% 
consider chondrotoxicity when selecting pharmacolog-
ical agents.10 65 This finding aligns with patterns identified 
across the mapped literature and highlights a poten-
tial gap between emerging experimental evidence and 
routine clinical decision-making. Osteoarthritic cartilage 
demonstrates structural compromise, including chondro-
cyte depletion and extracellular matrix degradation. The 
routine intra-articular use of LA agents with potential 
chondrotoxic potential presents a clear clinical paradox 
and may contribute to underreporting of adverse effects 
to chondral surfaces.52 63 66 While NICE (2022) recom-
mends intra-articular corticosteroid injections in specific 
circumstances, including when other treatments are inef-
fective or to facilitate therapeutic exercise, the balance 
between symptomatic benefit and potential structural 
risk remains incompletely understood.12

Several procedural and pharmacological factors were 
repeatedly reported in relation to increased cytotoxic 
risk. Higher doses, elevated concentrations, prolonged 
exposure, continuous intra-articular infusion and admin-
istration in the presence of compromised cartilage were 
commonly cited.36 52 54 60 62 Although most injecting phys-
iotherapists operate under a patient-group direction and 
are thus limited as to dosage and volume they can deliver, 
30% of surveyed practitioners in 2024 were independent 

prescribers.10 This increase in prescribing autonomy 
coupled with the apparent variation in injection therapy 
practices highlights the need for clear guidance as to what 
is considered a safe upper limit for concentration and 
volume of LA used in MSK injection therapy to reduce 
the risk of cytotoxicity.9 10 Intra-articular pain pumps 
were often suggested to contribute to chondrotoxicity 
and long-term joint damage, with nine included studies 
implicating continuous delivery systems in cumulative 
toxicity. Such findings were frequently reported within 
the literature since 2007 and have likely contributed to 
the apparent decline in intra-articular pain pump use in 
practice.32 33 55

Agent-specific variation was also evident across the 
literature. Bupivacaine was most frequently refer-
enced in relation to cytotoxic potential, with multiple 
studies reporting both apoptosis and chondrocyte 
necrosis.40 60 67 Comparative analyses generally reported 
greater chondrotoxicity with bupivacaine than with lido-
caine or ropivacaine, the latter often described as having 
a comparatively favourable safety profile.41 45 However, 
much of this evidence derives from in vitro or animal 
models, limiting direct clinical extrapolation. Notably, 
intra-articular administration of bupivacaine particu-
larly via continuous infusion pain pumps was repeated in 
adverse outcomes.32 33 62

Systemic toxicity arises when circulating plasma 
concentrations of LA reach levels sufficient to exert 
effects beyond the intended site of action. This phenom-
enon, commonly referred to as LAST, most prominently 
affects the central nervous system and CVS.30 68 Mechanis-
tically, toxicity is attributed to blockade of voltage-gated 
sodium channels, disrupting neuronal impulse transmis-
sion and myocardial conduction.69 Early clinical features 
typically involve CNS excitation, including circumoral 
paraesthesia, tinnitus, agitation and seizures, which may 
progress to CNS depression at higher concentrations.70 
Cardiovascular manifestations include conduction distur-
bances, arrhythmias, myocardial depression and, in 
severe cases, cardiovascular collapse.71 Our results found 
bupivacaine to be more frequently cited in cases of severe 
cardiotoxicity, potentially related to its high affinity for 
cardiac sodium channels and slow dissociation kinetics. 
In contrast, lidocaine is more commonly associated with 
CNS symptoms, reflecting comparatively lower cardiotox-
icity and faster channel binding dynamics.69 70

Inadvertent intravascular injection was reported in two 
studies as notable technical complications. Safe adminis-
tration of injection therapy is central to recommendations 
for training programmes set out by the Chartered Society 
of Physiotherapy.72 Procedural safeguards such as the 
performance of a safety aspiration prior to injection 
serve to reduce the likelihood of accidental intravascular 
injection and are considered essential components of 
injection therapy training.9 Despite this, severe adverse 
reactions following accidental intravascular injection 
are documented within the literature.57 This is however 
complicated by findings within this review from two 
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studies suggesting local tissue vascularity may contribute 
to the risk of increased systemic absorption.24 25

Broader patient-specific factors and comorbidities 
were also suggested to be implicated in increased risk 
of systemic toxicity. Two included studies highlighted 
hepatic/renal dysfunction in relation to worsened 
systemic toxicity, with plasma LA concentrations 
reported to be substantially higher in affected patients.24 
As most LA undergo primary hepatic metabolism, clear-
ance depends on hepatic blood flow and extraction 
ratio, with only the unbound fraction exerting pharma-
cological activity.24 69 Impaired liver or kidney function 
can slow drug metabolism and excretion, raising plasma 
concentrations and the risk of accumulation.18 73 Since 
age is a major risk factor for OA, often treated with 
injections including LAs, age-related declines in renal 
and hepatic function may prolong exposure, lower 
toxicity thresholds and increase the risk of systemic 
toxicity.4 12 18 73–75

Hypersensitivity reactions are arguably the most 
significant risk associated with administration of phar-
macological agents such as LA due to their potential 
progression to life-threatening anaphylaxis.26 30 Our 
search identified four sources that discussed anaphylaxis 
in the context of LA use, all of which were narrative liter-
ature reviews. According to Van Wicklin25, true allergic 
reactions following LA use are rare, accounting for <1% 
of associated adverse reactions; a figure consistently 
quoted across sources.25 Another consistent finding with 
our results was the more frequent association of adverse 
events with the use of ester-type LA in comparison to 
amide types.25 30 This is of particular interest as amide 
types are the most frequently used in MSK practice in the 
form of lidocaine and bupivacaine.9 Critically however, 
a lack of evidence demonstrating additional benefit 
from the inclusion of LA as part of injection therapy 
for MSD raises questions as to whether this risk could 
be eliminated altogether through discontinued use of 
LA in practice.10 14 If increasing injection volume to aid 
medicine dispersion is a consideration for clinicians, 
particularly with intra-articular injections, exploring the 
effectiveness of using safer alternatives often used in 
placebo-controlled studies, such as saline, appears to be 
worthy of investigation.10 76

Strengths
This scoping review offers a comprehensive mapping of 
the available literature relating to adverse effects associ-
ated with LA use in MSD. The inclusion of diverse study 
designs enabled broad exploration of both reported 
adverse outcomes and proposed risk factors. The struc-
tured thematic synthesis enhances transparency and 
highlights recurring patterns, particularly in relation to 
cytotoxicity and dose-dependent and time-dependent 
toxicity. The focus on physiotherapy-relevant injection 
practice strengthens the contextual applicability of the 
findings.

Limitations
The exclusion of nerve block procedures, while inten-
tional to maintain alignment with physiotherapy scope 
of practice, limits generalisability to the wider use of 
LAs. A substantial proportion of the evidence derives 
from in vitro and experimental models, which may not 
fully replicate in vivo human physiological conditions. 
The overall evidence base was heterogeneous in design 
and reporting, and no formal risk of bias assessment was 
undertaken, consistent with scoping review methodology. 
As such, the findings should be interpreted as explor-
atory and hypothesis-generating rather than definitive 
guidance for clinical practice.

Recommendations for future research
The volume and consistency of literature discussing chon-
drotoxicity risk warrants a focused systematic review to 
evaluate the risk of chondrolysis following intra-articular 
LA administration. Future research should seek to quan-
tify clinical risk and clarify the influence of modifiable 
factors, including dose, concentration and exposure 
duration. Greater emphasis on prospective in vivo moni-
toring and longitudinal outcome data is also required. 
Where LA is used primarily to facilitate dispersion, 
comparative studies evaluating inert alternatives should 
be considered to determine whether potential risks may 
be mitigated.

CONCLUSION
This scoping review maps the breadth of available 
evidence regarding adverse effects and associated risk 
factors following LA administration in MSK practice. 
Cytotoxicity, particularly chondrotoxicity, emerged as 
the most frequently reported adverse effect, with dose, 
concentration, exposure duration and continuous intra-
articular infusion repeatedly implicated as contributory 
factors. Systemic toxicity, allergic reactions and technical 
complications were less frequently reported. Patient 
specific characteristics, choice of injectable, dosage, 
duration and method of administration were commonly 
reported risk factors for adverse events following LA. 
Further robust clinical research is required to clarify 
true risk magnitude, optimise safe dosing strategies and 
inform evidence-based practice.

Acknowledgements  The authors would like to thank Karen Dolman (subject 
librarian at Sheffield Hallam University) for her support with developing the search 
strategy for this study. We would also like to thank Dr Vicky Hood for her advice 
during the conception of the project and for her valuable suggestions during the 
proofreading stage.

Contributors  JP: Conceptualisation, Methodology, Validation, Writing (original draft 
and review and editing), Visualisation, Supervision, Project administration. MW, 
ON, SB, AR: Methodology, Formal analysis, Investigation, Data curation, Writing 
(original draft and review and editing), Visualisation. DSB: Methodology, Validation, 
Writing (original draft and review and editing), Visualisation, Supervision, Project 
administration. JP is the guarantor of the work. During the preparation of this 
work for submission, the authors used ChatGPT and Microsoft Copilot to support 
the writing process by checking readability and grammatical accuracy. Following 
the use of these tools, the authors thoroughly reviewed and edited the content to 
ensure accuracy, clarity and alignment with the intended message. AI tools were 

B
M

J O
pen S

port &
 E

xercise M
edicine: first published as 10.1136/bm

jsem
-2026-003351 on 12 O

ctober 2026. D
ow

nloaded from
 https://bm

jopensem
.bm

j.com
 on 13 O

ctober 2026 by guest.
P

rotected by copyright, including for uses related to text and data m
ining, A

I training, and sim
ilar technologies.



8 Palmer J, et al. BMJ Open Sp Ex Med 2026;12:e003351. doi:10.1136/bmjsem-2026-003351

Open access

not used for knowledge generation or to produce original scientific content. The 
authors take full responsibility for the final content of the publication.

Funding  The authors have not declared a specific grant for this research from any 
funding agency in the public, commercial or not-for-profit sectors.

Competing interests  None declared.

Patient consent for publication  Not applicable.

Ethics approval  Not applicable.

Provenance and peer review  Not commissioned; externally peer reviewed.

Data availability statement  All data relevant to the study are included in the 
article or uploaded as supplementary information.

Supplemental material  This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer-reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the 
use is non-commercial. See: https://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs
Joe Palmer https://orcid.org/0000-0002-8185-8265
Dario Sanchez Bracero https://orcid.org/0009-0003-4992-5514

REFERENCES
	 1	 Sebbag E, Felten R, Sagez F, et al. The world-wide burden of 

musculoskeletal diseases: a systematic analysis of the World 
Health Organization Burden of Diseases Database. Ann Rheum Dis 
2019;78:844–8. 

	 2	 Ferrari AJ, Santomauro DF, Aali A. Global incidence, prevalence, 
years lived with disability (YLDs), disability-adjusted life-years 
(DALYs), and healthy life expectancy (HALE) for 371 diseases 
and injuries in 204 countries and territories and 811 subnational 
locations, 1990-2021: a systematic analysis for the Global Burden of 
Disease Study 2021. Lancet 2024;403:2133–61. 

	 3	 Langridge N. The skills, knowledge and attributes needed as 
a first-contact physiotherapist in musculoskeletal healthcare. 
Musculoskeletal Care 2019;17:253–60. 

	 4	 Arthritis UK. The state of musculoskeletal health: arthritis and other 
musculoskeletal conditions in numbers. 2025. Available: https://
www.arthritis-uk.org/policy-and-data/health-intelligence/the-state-​
of-musculoskeletal-health/ [Accessed 17 Mar 2026].

	 5	 Office of National Statistics. Sickness absence in the UK labour 
market: 2023 and 2024. Available: https://www.ons.gov.uk/empl​
oymentandlabourmarket/peopleinwork/labourproductivity/articles/​
sicknessabsenceinthelabourmarket/2023and2024 [Accessed 17 Mar 
2026].

	 6	 Lin I, Wiles L, Waller R, et al. What does best practice care for 
musculoskeletal pain look like? Eleven consistent recommendations 
from high-quality clinical practice guidelines: systematic review. Br J 
Sports Med 2020;54:79–86. 

	 7	 Radojčić MR, Perera RS, Hart DJ, et al. Prevalence, incidence, 
and re-occurrence risk of musculoskeletal pain in older adults in 
the United Kingdom: a population-based study. Front Pain Res 
(Lausanne) 2023;4:1197810. 

	 8	 de Vos Andersen N-B, Kent P, Hjort J, et al. Clinical course 
and prognosis of musculoskeletal pain in patients referred for 
physiotherapy: does pain site matter? BMC Musculoskelet Disord 
2017;18:130. 

	 9	 Saunders S, Longworth S. Injection techniques in musculoskeletal 
medicine. 5th edn. Elsevier, 2018.

	10	 Livadas N, Cuff A, Loughran I, et al. United Kingdom 
physiotherapists injection therapy practice for musculoskeletal 
complaints: A cross-sectional survey. Musculoskelet Sci Pract 
2024;69:102889. 

	11	 Walsh NE, Halls S, Thomas R, et al. First contact physiotherapy: 
an evaluation of clinical effectiveness and costs. Br J Gen Pract 
2024;74:e717–26. 

	12	 National Institute for Health and Care Excellence. Osteoarthritis in 
over 16s: diagnosis and management (NG226). 2022. Available: 
https://www.nice.org.uk/guidance/ng226/resources/osteoarthritis-​
in-over-16s-diagnosis-and-management-pdf-66143839026373 
[Accessed 17 Mar 2026].

	13	 National Institute for Health and Care Excellence. Low back pain and 
sciatica in over 16s: assessment and management (NG59). 2020. 
Available: https://www.nice.org.uk/guidance/ng59/resources/low-​
back-pain-and-sciatica-in-over-16s-assessment-and-management-​
pdf-1837521693637 [Accessed 17 Mar 2026].

	14	 Young R, Harding J, Kingsly A, et al. Therapeutic hip injections: is 
the injection volume important? Clin Radiol 2012;67:55–60. 

	15	 Vinyes D, Muñoz-Sellart M, Fischer L. Therapeutic Use of 
Low-Dose Local Anesthetics in Pain, Inflammation, and Other 
Clinical Conditions: A Systematic Scoping Review. J Clin Med 
2023;12:7221. 

	16	 Ferner RE, McGettigan P. Adverse drug reactions. BMJ 
2018;363:k4051. 

	17	 Appasamy M, Lam C, Alm J, et al. Trigger Point Injections. Phys Med 
Rehabil Clin N Am 2022;33:307–33. 

	18	 Säkkinen J, Suuronen R. Complications following local anaesthesia. 
Tidende 2005;115:48–52. 

	19	 Harmer A, Ribchester J, Malhi I, et al. A Study on the Effectiveness 
of Musculoskeletal Corticosteroid Injections for Reducing Patient 
Symptom Scores in Primary Care Practice. Musculoskeletal Care 
2024;22:e1933. 

	20	 Stephens MB, Beutler AI, O’Connor FG. Musculoskeletal injections: 
a review of the evidence. Am Fam Physician 2008;78:971–6.

	21	 Peters MDJ, Marnie C, Tricco AC, et al. Updated methodological 
guidance for the conduct of scoping reviews. JBI Evid Synth 
2020;18:2119–26. 

	22	 Tricco AC, Lillie E, Zarin W, et al. A scoping review on the conduct 
and reporting of scoping reviews. BMC Med Res Methodol 
2016;16:15. 

	23	 The Chartered Society of Physiotherapy. Therapeutic injection 
therapy in physiotherapy practice (6th edition). 2021. Available: 
https://www.csp.org.uk/system/files/publication_files/PD003_​
Feb2021%20Therapeutic%20injection-therapy%20in%​
20physiotherapy%20practice.pdf [Accessed 17 Mar 2026].

	24	 Tijanić M, Stojanović S, Burić K, et al. Systemic adverse reactions to 
local anesthetics. Acta Stomatologica Naissi 2019;35:1990–2001. 

	25	 Van Wicklin SA. Safe and Effective Use of Local Anesthetics. Plast 
Aesthet Nurs (Phila) 2024;44:172–9. 

	26	 Bahar E, Yoon H. Lidocaine: A Local Anesthetic, Its Adverse Effects 
and Management. Medicina (Kaunas) 2021;57:782. 

	27	 McCaughey W. Adverse effects of local anaesthetics. Drug Saf 
1992;7:178–89. 

	28	 Saff RR. Immediate Local Anesthetic Reactions: Too Quick to Point 
the Finger? J Allergy Clin Immunol Pract 2018;6:1224–5. 

	29	 Craft DV, Good RP. Delayed hypersensitivity reaction of the knee 
after injection of arthroscopy portals with bupivacaine (marcaine). 
Arthroscopy 1994;10:305–8. 

	30	 Jiang S, Tang M. Allergy to Local Anesthetics is a Rarity: Review of 
Diagnostics and Strategies for Clinical Management. Clin Rev Allergy 
Immunol 2023;64:193–205. 

	31	 Haasters F, Polzer H, Prall WC, et al. Bupivacaine, ropivacaine, 
and morphine: comparison of toxicity on human hamstring-derived 
stem/progenitor cells. Knee Surg Sports Traumatol Arthrosc 
2011;19:2138–44. 

	32	 Hasan SS, Fleckenstein CM. Glenohumeral chondrolysis: part 
I--clinical presentation and predictors of disease progression. 
Arthroscopy 2013;29:1135–41. 

	33	 Noyes FR, Fleckenstein CM, Barber-Westin SD. The development 
of postoperative knee chondrolysis after intra-articular pain pump 
infusion of an anesthetic medication: a series of twenty-one cases.  
J Bone Joint Surg Am 2012;94:1448–57. 

	34	 Serrato JA, Fleckenstein CM, Hasan SS. Glenohumeral chondrolysis 
associated with use of an intra-articular pain pump delivering local 
anesthetics following manipulation under anesthesia: a report of four 
cases. J Bone Joint Surg Am 2011;93:e99. 

	35	 Buchko JZ, Gurney-Dunlop T, Shin JJ. Knee chondrolysis by infusion 
of bupivacaine with epinephrine through an intra-articular pain pump 
catheter after arthroscopic ACL reconstruction. Am J Sports Med 
2015;43:337–44. 

	36	 Rao AJ, Johnston TR, Harris AHS, et al. Inhibition of chondrocyte 
and synovial cell death after exposure to commonly used 
anesthetics: chondrocyte apoptosis after anesthetics. Am J Sports 
Med 2014;42:50–8. 

B
M

J O
pen S

port &
 E

xercise M
edicine: first published as 10.1136/bm

jsem
-2026-003351 on 12 O

ctober 2026. D
ow

nloaded from
 https://bm

jopensem
.bm

j.com
 on 13 O

ctober 2026 by guest.
P

rotected by copyright, including for uses related to text and data m
ining, A

I training, and sim
ilar technologies.

https://creativecommons.org/licenses/by-nc/4.0/
https://orcid.org/0000-0002-8185-8265
https://orcid.org/0009-0003-4992-5514
http://dx.doi.org/10.1136/annrheumdis-2019-215142
http://dx.doi.org/10.1016/S0140-6736(24)00757-8
http://dx.doi.org/10.1002/msc.1401
https://www.arthritis-uk.org/policy-and-data/health-intelligence/the-state-of-musculoskeletal-health/
https://www.arthritis-uk.org/policy-and-data/health-intelligence/the-state-of-musculoskeletal-health/
https://www.arthritis-uk.org/policy-and-data/health-intelligence/the-state-of-musculoskeletal-health/
https://www.ons.gov.uk/employmentandlabourmarket/peopleinwork/labourproductivity/articles/sicknessabsenceinthelabourmarket/2023and2024
https://www.ons.gov.uk/employmentandlabourmarket/peopleinwork/labourproductivity/articles/sicknessabsenceinthelabourmarket/2023and2024
https://www.ons.gov.uk/employmentandlabourmarket/peopleinwork/labourproductivity/articles/sicknessabsenceinthelabourmarket/2023and2024
http://dx.doi.org/10.1136/bjsports-2018-099878
http://dx.doi.org/10.1136/bjsports-2018-099878
http://dx.doi.org/10.3389/fpain.2023.1197810
http://dx.doi.org/10.3389/fpain.2023.1197810
http://dx.doi.org/10.1186/s12891-017-1487-3
http://dx.doi.org/10.1016/j.msksp.2023.102889
http://dx.doi.org/10.3399/BJGP.2023.0560
https://www.nice.org.uk/guidance/ng226/resources/osteoarthritis-in-over-16s-diagnosis-and-management-pdf-66143839026373
https://www.nice.org.uk/guidance/ng226/resources/osteoarthritis-in-over-16s-diagnosis-and-management-pdf-66143839026373
https://www.nice.org.uk/guidance/ng59/resources/low-back-pain-and-sciatica-in-over-16s-assessment-and-management-pdf-1837521693637
https://www.nice.org.uk/guidance/ng59/resources/low-back-pain-and-sciatica-in-over-16s-assessment-and-management-pdf-1837521693637
https://www.nice.org.uk/guidance/ng59/resources/low-back-pain-and-sciatica-in-over-16s-assessment-and-management-pdf-1837521693637
http://dx.doi.org/10.1016/j.crad.2011.07.040
http://dx.doi.org/10.3390/jcm12237221
http://dx.doi.org/10.1136/bmj.k4051
http://dx.doi.org/10.1016/j.pmr.2022.01.011
http://dx.doi.org/10.1016/j.pmr.2022.01.011
http://dx.doi.org/10.56373/2005-1-9
http://dx.doi.org/10.1002/msc.1933
https://pubmed.ncbi.nlm.nih.gov/18953975
http://dx.doi.org/10.11124/JBIES-20-00167
http://dx.doi.org/10.1186/s12874-016-0116-4
https://www.csp.org.uk/system/files/publication_files/PD003_Feb2021%20Therapeutic%20injection-therapy%20in%20physiotherapy%20practice.pdf
https://www.csp.org.uk/system/files/publication_files/PD003_Feb2021%20Therapeutic%20injection-therapy%20in%20physiotherapy%20practice.pdf
https://www.csp.org.uk/system/files/publication_files/PD003_Feb2021%20Therapeutic%20injection-therapy%20in%20physiotherapy%20practice.pdf
http://dx.doi.org/10.5937/asn1980990T
http://dx.doi.org/10.1097/PSN.0000000000000580
http://dx.doi.org/10.1097/PSN.0000000000000580
http://dx.doi.org/10.3390/medicina57080782
http://dx.doi.org/10.2165/00002018-199207030-00003
http://dx.doi.org/10.1016/j.jaip.2017.10.015
http://dx.doi.org/10.1016/s0749-8063(05)80118-5
http://dx.doi.org/10.1007/s12016-022-08937-x
http://dx.doi.org/10.1007/s12016-022-08937-x
http://dx.doi.org/10.1007/s00167-011-1564-3
http://dx.doi.org/10.1016/j.arthro.2013.04.007
http://dx.doi.org/10.2106/JBJS.K.01333
http://dx.doi.org/10.2106/JBJS.K.01333
http://dx.doi.org/10.2106/JBJS.J.01604
http://dx.doi.org/10.1177/0363546514555667
http://dx.doi.org/10.1177/0363546513507426
http://dx.doi.org/10.1177/0363546513507426


9Palmer J, et al. BMJ Open Sp Ex Med 2026;12:e003351. doi:10.1136/bmjsem-2026-003351

Open access

	37	 Baker JF, Walsh PM, Byrne DP, et al. In vitro assessment of 
human chondrocyte viability after treatment with local anaesthetic, 
magnesium sulphate or normal saline. Knee Surg Sports Traumatol 
Arthrosc 2011;19:1043–6. 

	38	 Chen J-L, Liu S-T, Wu C-C, et al. The Potency of Cytotoxic 
Mechanisms of Local Anesthetics in Human Chondrocyte Cells. Int J 
Mol Sci 2024;25:13474. 

	39	 Cobo-Molinos J, Poncela-Garcia M, Marchal-Corrales JA, et al. 
Effect of levobupivacaine on articular chondrocytes: an in-vitro 
investigation. Eur J Anaesthesiol 2014;31:635–9. 

	40	 Ickert I, Herten M, Vogl M, et al. Opioids as an alternative to amide-
type local anaesthetics for intra-articular application. Knee Surg 
Sports Traumatol Arthrosc 2015;23:2674–81. 

	41	 Jacob B, Zippelius T, Kloss N, et al. Local Anesthetics’ Toxicity 
toward Human Cultured Chondrocytes: A Comparative Study 
between Lidocaine, Bupivacaine, and Ropivacaine. Cartilage 
2019;10:364–9. 

	42	 Jacobs TF, Vansintjan PS, Roels N, et al. The effect of Lidocaine on 
the viability of cultivated mature human cartilage cells: an in vitro 
study. Knee Surg Sports Traumatol Arthrosc 2011;19:1206–13. 

	43	 Moser LB, Bauer C, Jeyakumar V, et al. Hyaluronic Acid as a 
Carrier Supports the Effects of Glucocorticoids and Diminishes 
the Cytotoxic Effects of Local Anesthetics in Human Articular 
Chondrocytes In Vitro. Int J Mol Sci 2021;22:11503. 

	44	 Piper SL, Kim HT. Comparison of ropivacaine and bupivacaine 
toxicity in human articular chondrocytes. J Bone Joint Surg Am 
2008;90:986–91. 

	45	 Arias-Vázquez PI. Intra-articular Injections for Treating Knee 
Osteoarthritis: A Classification According to Their Mechanism of 
Action. J Clin Rheumatol 2024;30:168–74. 

	46	 Baker JF, Mulhall KJ. Local anaesthetics and chondrotoxicity: 
What is the evidence? Knee Surg Sports Traumatol Arthrosc 
2012;20:2294–301. 

	47	 Piper SL, Kramer JD, Kim HT, et al. Effects of local anesthetics on 
articular cartilage. Am J Sports Med 2011;39:2245–53. 

	48	 Saffarian M, Holder EK, Mattie R, et al. FactFinders for patient 
safety: Preventing local anesthetic-related complications: Local 
anesthetic chondrotoxicity and stellate ganglion blocks. Interv Pain 
Med 2023;2:100282. 

	49	 Wiater BP, Neradilek MB, Polissar NL, et al. Risk factors for 
chondrolysis of the glenohumeral joint: a study of three hundred 
and seventy-five shoulder arthroscopic procedures in the practice 
of an individual community surgeon. J Bone Joint Surg Am 
2011;93:615–25. 

	50	 Syed HM, Green L, Bianski B, et al. Bupivacaine and triamcinolone 
may be toxic to human chondrocytes: a pilot study. Clin Orthop 
Relat Res 2011;469:2941–7. 

	51	 Rapley JH, Beavis RC, Barber FA. Glenohumeral chondrolysis after 
shoulder arthroscopy associated with continuous bupivacaine 
infusion. Arthroscopy 2009;25:1367–73. 

	52	 Gulihar A, Robati S, Twaij H, et al. Articular cartilage and local 
anaesthetic: A systematic review of the current literature. J Orthop 
2015;12:S200–10. 

	53	 Jayaram P, Kennedy DJ, Yeh P, et al. Chondrotoxic Effects of Local 
Anesthetics on Human Knee Articular Cartilage: A Systematic 
Review. PM R 2019;11:379–400. 

	54	 Matsen FA, Papadonikolakis A. Published evidence demonstrating 
the causation of glenohumeral chondrolysis by postoperative 
infusion of local anesthetic via a pain pump. J Bone Joint Surg Am 
2013;95:1126–34. 

	55	 Reider B. Caveat injector. Am J Sports Med 2007;35:1619–20. 
	56	 Rahnama R, Wang M, Dang AC, et al. Cytotoxicity of local 

anesthetics on human mesenchymal stem cells. J Bone Joint Surg 
Am 2013;95:132–7. 

	57	 Zink W, Graf BM. The toxicity of local anesthetics: the place 
of ropivacaine and levobupivacaine. Curr Opin Anaesthesiol 
2008;21:645–50. 

	58	 Honda H, Gotoh M, Kanazawa T, et al. Effects of lidocaine on torn 
rotator cuff tendons. J Orthop Res 2016;34:1620–7. 

	59	 Cui Y, Yang T, Zeng C, et al. Intra-articular bupivacaine after joint 
arthroplasty: a systematic review and meta-analysis of randomised 
placebo-controlled studies. BMJ Open 2016;6:e011325. 

	60	 Kreuz PC, Steinwachs M, Angele P. Single-dose local anesthetics 
exhibit a type-, dose-, and time-dependent chondrotoxic effect 
on chondrocytes and cartilage: a systematic review of the current 
literature. Knee Surg Sports Traumatol Arthrosc 2018;26:819–30. 

	61	 Mahajan A, Derian A. Local anesthetic toxicity. StatPearls Publishing, 
2022. Available: https://pubmed.ncbi.nlm.nih.gov/29763139/

	62	 Zhang AZ, Ficklscherer A, Gülecyüz MF, et al. Cell Toxicity in 
Fibroblasts, Tenocytes, and Human Mesenchymal Stem Cells-A 
Comparison of Necrosis and Apoptosis-Inducing Ability in 
Ropivacaine, Bupivacaine, and Triamcinolone. Arthroscopy 
2017;33:840–8. 

	63	 Kreuz PC, Müller S, Freymann U, et al. Repair of focal cartilage 
defects with scaffold-assisted autologous chondrocyte grafts: 
clinical and biomechanical results 48 months after transplantation. 
Am J Sports Med 2011;39:1697–705. 

	64	 D’Lima DD, Hashimoto S, Chen PC, et al. Human chondrocyte 
apoptosis in response to mechanical injury. Osteoarthritis Cartilage 
2001;9:712–9. 

	65	 Zalecki CJ, Vishnubala D, Marino K, et al. The use of single dose 
intra-articular local anaesthetics in the United Kingdom: A cross-
sectional survey of sport and exercise medicine and musculoskeletal 
professionals. Musculoskeletal Care 2022;20:681–5. 

	66	 Yunus MHM, Nordin A, Kamal H. Pathophysiological Perspective of 
Osteoarthritis. Medicina (Kaunas) 2020;56:614. 

	67	 Malet A, Faure M-O, Deletage N, et al. The comparative cytotoxic 
effects of different local anesthetics on a human neuroblastoma cell 
line. Anesth Analg 2015;120:589–96. 

	68	 Song K, Blankenship RB, Derian A. Local anesthetic toxicity. 
StatPearls Publishing, 2025. Available: https://www.ncbi.nlm.nih.​
gov/books/NBK499964/

	69	 Liu W, Yang X, Li C, et al. Adverse drug reactions to local 
anesthetics: a systematic review. Oral Surg Oral Med Oral Pathol 
Oral Radiol 2013;115:319–27. 

	70	 Mcleod IK. Local anesthetics: introduction and history, mechanism 
of action, chemical structure. 2023. Available: https://emedicine.​
medscape.com/article/873879-overview?form=fpf [Accessed 17 Mar 
2026].

	71	 Butterworth JF. Models and mechanisms of local anesthetic cardiac 
toxicity: a review. Reg Anesth Pain Med 2010;35:167–76. 

	72	 The Chartered Society of Physiotherapy. CSP expectations of 
educational programmes in Injection Therapy for physiotherapists 
(4th edition). Available: https://www.csp.org.uk/system/files/​
publication_files/PD071_InjectionTherapyExpecs_Feb2021%5B1%​
5D.pdf [Accessed 17 Mar 2026].

	73	 Park KK, Sharon VR. A Review of Local Anesthetics: Minimizing 
Risk and Side Effects in Cutaneous Surgery. Dermatol Surg 
2017;43:173–87. 

	74	 Tan JL, Eastment JG, Poudel A, et al. Age-Related Changes in 
Hepatic Function: An Update on Implications for Drug Therapy. 
Drugs Aging 2015;32:999–1008. 

	75	 Guppy M, Thomas ET, Glasziou P, et al. Rate of decline in kidney 
function with age: a systematic review. BMJ Open 2024;14. 

	76	 Altman RD, Devji T, Bhandari M, et al. Clinical benefit of intra-
articular saline as a comparator in clinical trials of knee osteoarthritis 
treatments: A systematic review and meta-analysis of randomized 
trials. Semin Arthritis Rheum 2016;46:151–9. 

B
M

J O
pen S

port &
 E

xercise M
edicine: first published as 10.1136/bm

jsem
-2026-003351 on 12 O

ctober 2026. D
ow

nloaded from
 https://bm

jopensem
.bm

j.com
 on 13 O

ctober 2026 by guest.
P

rotected by copyright, including for uses related to text and data m
ining, A

I training, and sim
ilar technologies.

http://dx.doi.org/10.1007/s00167-011-1437-9
http://dx.doi.org/10.1007/s00167-011-1437-9
http://dx.doi.org/10.3390/ijms252413474
http://dx.doi.org/10.3390/ijms252413474
http://dx.doi.org/10.1097/EJA.0000000000000115
http://dx.doi.org/10.1007/s00167-014-2989-2
http://dx.doi.org/10.1007/s00167-014-2989-2
http://dx.doi.org/10.1177/1947603518758436
http://dx.doi.org/10.1007/s00167-011-1420-5
http://dx.doi.org/10.3390/ijms222111503
http://dx.doi.org/10.2106/JBJS.G.01033
http://dx.doi.org/10.1097/RHU.0000000000002080
http://dx.doi.org/10.1007/s00167-011-1804-6
http://dx.doi.org/10.1177/0363546511402780
http://dx.doi.org/10.1016/j.inpm.2023.100282
http://dx.doi.org/10.1016/j.inpm.2023.100282
http://dx.doi.org/10.2106/JBJS.I.01386
http://dx.doi.org/10.1007/s11999-011-1834-x
http://dx.doi.org/10.1007/s11999-011-1834-x
http://dx.doi.org/10.1016/j.arthro.2009.08.024
http://dx.doi.org/10.1016/j.jor.2015.10.005
http://dx.doi.org/10.1002/pmrj.12007
http://dx.doi.org/10.2106/JBJS.L.01104
http://dx.doi.org/10.1177/0363546507307756
http://dx.doi.org/10.2106/JBJS.K.01291
http://dx.doi.org/10.2106/JBJS.K.01291
http://dx.doi.org/10.1097/ACO.0b013e32830c214c
http://dx.doi.org/10.1002/jor.23153
http://dx.doi.org/10.1136/bmjopen-2016-011325
http://dx.doi.org/10.1007/s00167-017-4470-5
https://pubmed.ncbi.nlm.nih.gov/29763139/
http://dx.doi.org/10.1016/j.arthro.2016.10.026
http://dx.doi.org/10.1177/0363546511403279
http://dx.doi.org/10.1053/joca.2001.0468
http://dx.doi.org/10.1002/msc.1618
http://dx.doi.org/10.3390/medicina56110614
http://dx.doi.org/10.1213/ANE.0000000000000562
https://www.ncbi.nlm.nih.gov/books/NBK499964/
https://www.ncbi.nlm.nih.gov/books/NBK499964/
http://dx.doi.org/10.1016/j.oooo.2012.04.024
http://dx.doi.org/10.1016/j.oooo.2012.04.024
https://emedicine.medscape.com/article/873879-overview?form=fpf
https://emedicine.medscape.com/article/873879-overview?form=fpf
http://dx.doi.org/10.1097/aap.0b013e3181d231b9
https://www.csp.org.uk/system/files/publication_files/PD071_InjectionTherapyExpecs_Feb2021%5B1%5D.pdf
https://www.csp.org.uk/system/files/publication_files/PD071_InjectionTherapyExpecs_Feb2021%5B1%5D.pdf
https://www.csp.org.uk/system/files/publication_files/PD071_InjectionTherapyExpecs_Feb2021%5B1%5D.pdf
http://dx.doi.org/10.1097/DSS.0000000000000887
http://dx.doi.org/10.1007/s40266-015-0318-1
http://dx.doi.org/10.1136/bmjopen-2024-089783
http://dx.doi.org/10.1016/j.semarthrit.2016.04.003

	Adverse events associated with local anaesthetic use in musculoskeletal injection therapy: a scoping review
	Abstract
	Introduction﻿﻿
	Methods
	Protocol and framework
	Eligibility criteria
	Information sources and search strategy
	Selection of sources of evidence
	Data extraction and synthesis
	Patient and public involvement
	Equality, diversity and inclusion statement

	Results
	Cytotoxicity
	Systemic toxicity
	Allergic and hypersensitivity reactions
	Other adverse effects
	Risk factors
	Dose and concentration
	Patient-specific factors
	Duration of administration and mode of administration
	Tissue vascularity


	Discussion
	Strengths
	Limitations
	Recommendations for future research

	Conclusion
	References


