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Over the past decade, vaping has grown in popularity among adolescents and young adults. Much remains unknown
regarding its effects on orthopaedic surgery. This scoping review expands upon previous reviews by evaluating updated
literature from 2025 and including evaluation of orthopaedic injuries caused by vaping accidents. A search was conducted
across seven databases. The search used a combination of keywords and Medical Subject Heading (MeSH) terms.
Titles and abstracts were screened for eligibility for inclusion criteria. Full texts were screened and included if they met
criteria. Demographics and results of the studies were extracted from the articles that met inclusion criteria. In clinical
studies vaping led to increased complications and negative outcomes in patients undergoing total joint arthroplasty,
anterior cervical discectomy and fusion, and total shoulder arthroplasty. Vaping was associated with increased self-
reported rates of fragility fractures and decreased hand microcirculation. Studies highlighted the potential negative
effects of vaping on bone and wound healing. Vaping trauma injuries led to patients experiencing burns, cervical
spine injuries, bilateral hand sweet syndrome, and mangled hand injuries requiring complex reconstruction. Vaping
may have a negative association on orthopaedic surgery outcomes in arthroplasty and spine surgery and may affect
outcomes in other orthopaedic subspecialty surgeries as well. Vaping could potentially have negative effects on several
organ systems, which may lead to surgical complications. Traumatic vaping injuries can cause serious orthopaedic
injuries requiring operative management. Future studies can be conducted to evaluate the full effects of vaping on

orthopaedic surgery.
Level of Evidence: Level 4; Therapeutic

Keywords: Vaping, electronic cigarettes, orthopaedic surgery, public health.

INTRODUCTION

E-cigarette use, better known as vaping, has rapidly
gained popularity among adolescents and young
adults'?. E-cigarettes are devices that deliver aerosol
nicotine and are oftentimes combined with flavorings
and additional chemicals*®. It is believed that roughly
30% of 16 to 18-year-olds are currently vaping, and
it is believed that this may underestimate the current
prevalence of vaping’. Over the past several years,
vaping has quickly become a public health crisis®!°. Much
remains unknown about the effects of vaping. However,
vaping has been associated with a number of negative
effects, such as lung injuries, blunted neurocognitive
development in children, burn injuries, and choking''-"3.
Due to the new popularity of vaping, much remains
unknown regarding its effects on orthopaedic surgery.

Few studies have begun to evaluate the effects of vaping
on orthopaedic surgery outcomes. Literature regarding

smoking and smokeless tobacco is abundant. Smoking
and other forms of smokeless tobacco have shown
strong associations with increased complications after
orthopaedic surgery'*'®. Smoking has been associated
with increased wound complications, delays in bony
union, and increased incidence of infection'*'®. It is
believed that nicotine, a component of tobacco, plays a
role in these complications'*?’. However, it is unknown
how extensive that role is and if the nicotine in vaping
products has any effects on orthopaedic surgery.

This scoping review aims to evaluate the current
literature on the effects of vaping in orthopaedic
surgery. This review expands upon previous reviews
by evaluating updated literature from 2025 and
including evaluation of orthopaedic injuries caused by
vaping accidents. Much information remains unknown
regarding the effects of vaping, and the hope is that
this review will help to bridge this gap by providing
a comprehensive review of the current available
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literature. We hypothesize that vaping will lead to
negative effects in orthopaedic surgery and that vaping
accidents will cause serious orthopaedic injuries.

MATERIALS AND METHODS
Study Design

The study was exempt from institutional review
board approval. This scoping review followed the
Preferred Reporting Items for Systematic Review and
Meta-Analysis for Scoping Reviews (PRISMA-ScR)
statement standards?'.

Eligibility Criteria

Studies were eligible for inclusion if they were peer-
reviewed articles and met one of the following criteria:
1.) Evaluated the effects of vaping on orthopaedic
surgery in clinical studies, 2.) Evaluated the effects of
vaping or vaping components in orthopaedic surgery
in both human and animal studies, 3.) Evaluated
the orthopaedic injuries from vaping accidents, 4.)
Were grey literature studies with insights or theories
regarding the effects of vaping on orthopaedic surgery.
Studies were only included if completed in English.
Any study not meeting one of the above criteria were
excluded from inclusion.

Search Strategy

MEDLINE/Pubmed, Wiley, Cochrane CENTRAL,
Clinicaltrials.gov, Google Scholar, Web of Science,
and Embase databases were systematically searched
for publications from database inception to January
20, 2025. Comprehensive search strategies were
developed using keywords, Medical Subject Heading
(MeSH) terms, and synonymous terms. The PubMed/
Medline search was adapted to the other databases. See
supplementary Table I for the complete search.

Screening and full text review were completed by two
authors independently and any conflicts were resolved
by a third author. One author (T.B.P.) performed the
search. Two authors (L.T., W.S.) excluded irrelevant
articles and duplicates based on title and abstract.
The remaining articles underwent an independent
full-text review by two authors (L.T., W.S.) and were
assessed for eligibility based on established criteria.
Any conflicts were resolved by discussion with a third
author (T.B.P).

Data Extraction

Study demographic information and results were
collected including the following: lead author and
country of origin, study design and level of evidence,
number of patients, outcomes, and complications.
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Risk of Bias

No formal risk of bias assessment was completed on
the included papers.

RESULTS
PRISMA Flow Diagram

A preliminary search of seven databases provided 807
studies. 223 duplicates were removed. 584 abstracts
and titles were screened, and 544 were removed for
lack of relevance. Twenty-nine reports were sought for
retrieval. Twenty-three studies met the final inclusion
criteria and were included in this study. See Figure 1.

Retrospective and Prospective Comparative
Studies

Agoons et al. was a level 3 retrospective analysis of
5,569 patients that compared self-reported fragility
fractures in e-cigarette users and non-users®’. Subjects
who had used e-cigarettes at any point in their lifetime
(“ever e-cigarette users”) and former e-cigarette users
had an increased prevalence of self-reported fragility
fractures in adjusted and unadjusted models when
compared with never users’’. Bieganowski was a
Level 3 retrospective analysis that evaluated the trend
of e-cigarette use in Total Joint Arthroplasty (TJA)
patients and found that the vaping-only subgroup
of patients undergoing TJA had increased length of
stay, higher mean surgical time, and higher rates of
readmission when compared with the no-exposure
group, the concurrent tobacco and vaping group, and
the tobacco-only group®. Lawland et al., 2025 was a
Level 3 retrospective analysis of 89,910 Total Shoulder
Arthroplasty (TSA) patients and compared outcomes
at 90 days and 2 years for propensity score-matched
cohorts of patients with and without nontobacco
nicotine dependence (NTND)*. At 90 days, patients
with NTND had higher rates of sepsis, surgical
site infection, wound disruptions, average opioids
prescribed, and readmission?. At2 years NTND patients
also exhibited higher rates of mechanical loosening and
prosthetic joint infection, but not revision®. Lawland et
al., 2024 was a level 3 retrospective analysis of 48,364
patients that compared 90 day and 2-year outcomes of
propensity score-matched patients with and without
NTND who underwent Anterior Cervical Discectomy
and Fusion (ACDF)*. At 90 days, patients undergoing
ACDF with NTND had a higher risk of opioid use,
emergency department visits, opioid abuse, inpatient
hospitalizations, and sepsis®. At the 2-year follow-up,
patients undergoing ACDF with NTND had a higher risk
of pseudarthrosis, revision surgery, adjacent segment
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Retrospective and Prospective Comparative Studies

non-smokers

Orthopaedic
Authf)r.and Study Design Numb s Condition or I e B Findings and Results
Origin Patients evaluated

Surgery Type

e  Ever e-cigarette users had

46% higher prevalence of

Level 3 Fraglhty' Association of ever self-reported fragility fracture
Agoons et al., . fractures (hip, . - (P=0.005)
Retrospective 5,569 . . E-cigarette use and fragility .

2021 Analysis spine, or wrist fractures e  Higher prevalence of self-

Y fractures) reported fragility fracture for
former e-cigarette users in
adjusted analysis (P=0.008)

.Trend of e?-c1garette 1se o Both RPE and TJA patients
in TJA patients and those . .
. . . exhibited an upward trend in
. undergoing routine physical .
Primary e-cigarette use
. . Level 3 ; exams (RPE). . . .
Bieganowski et . Total Joint ® Vaping-only patients had increased
Retrospective | 1,082,239 .
al., 2023 . Arthroplasty . length of stay (P=0.01), higher mean
Analysis Surgical outcomes of . .
(TJA) . . surgical time (P<0.001), and rates
subgroups in TJA patients .. .
. of readmission (P=0.001) when
by vaping and tobacco .
compared with other subgroups
status.
e At 90 days, patients with NTND
had significantly higher rates
of sepsis (P=0.012), surgical
site infection (P=0.007), wound
disruptions (P=0.048), average
Level 3 Total Shoulder 90-day anq 2-year outcomes opioids prescribed (P<0.001),
Lawland et al., . of propensity score-matched ..
Retrospective 89,910 Arthroplasty . . and readmission (P=0.001) when
2025 . cohorts of patients with . .
Analysis (TSA) NTND and without NTND compared to patients without NTND.
ou ® At 2 years, patients with NTND
had significantly higher rates of
mechanical loosening (P=0.001) and
prosthetic joint infection (P=0.001)
compared to patients without NTND.
o At 90 days, patients with NTND
had significantly higher risk of
opioid use (P<0.001), emergency
department visits (P<0.001),
opioid abuse (P<0.001), inpatient
Anterior 90-day and 2-year outcomes hospltahzatlons (P<0.001), and
Level 3 . . sepsis (P=0.01) when compared to
Lawland et al., . Cervical of propensity score-matched . .
Retrospective 48,364 . . . patients without NTND.
2024 . Discectomy and | cohorts of patients with and . .
Analysis Fusion (ACDF) without NTND ® At 2 years, patients with NTND
’ had significantly higher rates of
pseudarthrosis (P<0.001), adjacent
segment disease (P<0.001),
dysphagia (P=0.001), and revision
(P=0.02) when compared to patients
without NTND
e E-cigarette smokers had a
significant decrease in hand
Hand microcirculation flow microcirculation during and up to
Level 2 . . ;
Pywell et al., . Hand after use of an e-cigarette 20 minutes after smoking a 24-mg
Prospective 15 . . . . . .
2018 sy microcirculation | in e-cigarette smokers and e-cigarette (P<.05)

e E-cigarette smokers saw a 77%
reduction in superficial flow and 29%
in deep flow.
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[ Identification of studies via databases and registers ]

Records identified from:
316 Embase

292 Web of Science
101 Google Scholar
46 PubMed

32 Wiley Database
10 CENTRAL

) 10 ClinicalTrials.gov

Identification

Records screened
(n=584)

Reports sought for retrieval
(n=29)

Screening

Reports assessed for eligibility
(n=29)

Studies included in review
(n=23)

Included

Records removed before
screening:
Duplicate records removed
(n=223)

Records excluded due to lack of
relevance
(n=555)

Reports not retrieved
(n=0)

Reports excluded (n=6)
3 Wrong outcomes

2 Wrong intervention

1 Irrelevant

Fig. 1 — PRISMA Flowchart.

disease, and dysphagia®. Pywell et al. was a Level
2 prospective study that found e-cigarette smokers
had a significant decrease in hand microcirculation
during and up to 20 minutes after smoking a 24-mg
e-cigarette?. See Table I.

Reviews, Basic Science, and Management

Amaro et al. was a Level 4 review that highlighted the
rise in e-cigarette use among adolescents and former
non-smokers, and found that e-cigarette vapor may
have several negative effects such as infection, delayed
healing and wound complications which may increase
surgical risks?’. Armstrong et al., was a Level 4 review
that highlighted the negative effects of e-cigarettes on
bone healing mechanisms?®. Fiani et al., was a Level 4
review which found the products in e-cigarettes may
lead to decreased bone mineral density, osteoporosis,
and intervertebral disk degeneration®”’. Two studies
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found that e-cigarette vapor may lead to impaired
function and viability of osteoblasts’*' Zaidi et al.
was a level 4 review that highlighted that e-cigarettes
may lead to wound complications, impairment of the
immune system, and longer hospital stays®.

Two studies were guideline studies for the
management of e-cigarette use in orthopaedic surgery.
Shore et al. and Wint et al., discussed that e-cigarettes
may have negative effects on bone-healing and their
use should be cautioned in patients with orthopaedic
injuries®**, See Table II.

Vaping Trauma Injuries

This study found 10 studies that reported traumatic
vaping injuries®*. All traumatic injuries except one
were caused by e-cigarette battery explosions®>-373%44,
The one injury not caused by e-cigarette battery
explosions was a case of bilateral hand sweet
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Reviews, Basic Science, and Management Studies

Orthopaedic injuries

Amaro et al., 2019

Review study

of vaping and
orthopaedic surgery.

paedics and Basic
Science

Author and Origin | Study Design Study Purpose or conditions Recommendations or Findings
e Found a rise in e-cigarette use among non-smokers and
the adolescent population
Level 4 Current knowledge General Ortho- e E-cigarette vapor is associated with cytotoxicity, pro-

inflammatory effects, and decreased microbial defense,
which may increase perioperative risks.
® Lack of current clinical studies evaluating outcomes and
e-cigarette use

Armstrong et al.,
2022

Level 4
Review study

Vaping on orthopaedic
surgery
Case series of 3
pediatric cases

Review: General
Orthopaedics and
Basic Science;
Case Series: 1
pediatric ankle
fracture and 2
pediatric forearm
fractures

e Found a lack of literature regarding e-cigarette use
effects on orthopaedic surgery in human models.

e Found evidence of a potential negative effect of
e-cigarettes on human bone healing mechanisms in basic
science models.

o Discovered delayed union in the 1 pediatric ankle
fracture and 2 pediatric forearm fractures, all of which
were e-cigarette users.

Fiani et al., 2020

Level 4 Re-
view study

Impact e-cigarette use
on spine health.

Spine

e E-cigarette carcinogens showed a toxic effect on osteo-
blasts, which may lead to decreased bone mineral density
or 0steoporosis.

o Nicotine e-liquids negatively impact intervertebral disk
health and degenerate the intervertebral disk vasculature
and cellular matrix.

e Animal models have shown negative impact of
e-cigarette use in spinal fusion, but human literature is
lacking.

Nicholson et al.,
2022

Level 5

Basic science

Evaluate the effects
of e-cigarette vapor
on osteoblast viability

Basic Science; Bone
properties

e E-cigarette vapor concentrate significantly reduces
osteoblast viability and impairs osteoblast function at
physiologically relevant doses.

study and function.
e Found evidence that human bone cells express nicotine
receptors, and exposure to both nicotine on osteoblasts
Evaluate the and osteoclasts may reduce their viability and impair their
Nicholson et al., Level 4 e-cigarette vapor Basic Science; Bone function.

Zaidi et al., 2024

Review study

on the outcomes of
total joint arthroplasty

Arthroplasty

2021 Review study | constituents on bone properties o Aldehydes and flavoring chemicals may also impair
health. osteoblast viability and function.
e [t may be possible that e-cigarette vapor may affect
mesenchymal stem cells.
e Highlighted the rise in adolescent e-cigarette use.
e Highlighted the negative effects of e-cigarettes in basic
Management science models on bone healing mechanisms.
Level 5 . S . .. . L
Shore et al., 2021 Guideline recommendations for Pedlé.ltrlc ® Discussed t.he lack .of current chm.cal }1terat'ure in clinical
study teenagers gndergomg Orthopaedic Surgery stuc.hes, paljtlcularly for pediatric pz.itlents.
orthopaedic surgery. e Potential respiratory dangers from e-cigarette use.
Recommendations from anesthesiologists to avoid usage of
e-cigarettes on the day of surgery.
o Discusses the potential harmful effects of e-cigarette use
Perioperative and risk for surgical site infections and wound complica-
Level 5 managen‘{ent . . . tions. . . .
. g recommendations for | General Orthopaedic | ® Discussed the potential effects of e-cigarettes on impair-
Wint et al., 2024 Guideline . . .
_— patients who vape Surgery - ing bone healing. .
and are undergoing e Highlighted the importance of orthopaedic surgeons un-
orthopaedic surgery. derstanding the potential risks, and communicating these
with patients.
Impact of e-cigarettes . e E-cigarettes inco.nsistent nicotine release results in many
Level 4 Total Joint negative effects on bone health.

e E-cigarettes may depress the immune system, may impair
wound healing, and may lead to longer hospital stays.

acta orthopaedica belgica 711412025
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Table III. — Vaping trauma injury studies.

Vaping Trauma Injuries

Author and Origin | Study Design | Patients Cause of Injury Ortho;l)z;:ljirliceslnjury/ Treatment/Treatments
o e e 6 Patients requlred.spht-thlckness skin
Boissiere et al., Level 4 Case 16 explosions in a Groin/Thich Burns grafting.
2020 Series P g e Conservative modalities treated the
pants pocket .
remainder.
Level 5 E-01gar.ette bat.tery c 1. Fracture e Conservative treatment with rigid
Hagarty et al., 2020 1 explosion during Additional non-
Case Report L. C-collar
use orthopaedic injuries
o All patients underwent wound
12 Hand injuries debridement.
o 28 of the 46 patients were treated with
Kaltenborn et al., Level 4 Case E-cigarette battery | 32 waist/groin injuries split-thickness skin graft.
. 46 . . . L
2023 Series explosion e 31 patients received synthetic skin
3 non-orthopaedic substitute
injuries ® 18 cases had postoperative wound
infection
. o Surgical debridement
Kelly et al., 2024 Level 5 Case 1 E-cigarette use Bilateral Hand Sweet o [V antibiotics
Report Syndrome . .
e Topical methylprednisolone
. 1 Hand injury . -
Kite et al., 2016 Level 5 ) E—01gar§tte | Nemarfhapasits e Amputation of 3rd digit at the .level of the
Case Report explosion . metacarpophalangeal joint.
injury
Kadhum et al., Level 5 E-cigarette . .. e Two surgical debridements
1 . 1 Pediatric hand injury .
2024 explosion Tetanus vaccination
Case Report
7 patients with thigh
burns . . .
. . . e Patients treated with surgical
Level 4 E- h h . s . .
Maraqga et al., 2018 ever s Case 8 cigare te SRl T debridement, split-thickness skin grafting,
Series explosion burns .
o or conservative treatment.
Additional non-
orthopaedic injuries
Level 5 E-cioarette e Foreign body removal
Norii et al, 2017 1 ox ;éosion C1 and C2 fracture e Cervical collar treatment
Case Report p e Antibiotics and pain control
. . e Conservative management
9 ULl ol I 1 v i D) ot et sl
. 4 hand burns i
Level 4 Case E-cigarette . . carpal tunnel release, and 5 additional
Russell et al., 2022 . 15 . 1 radial nerve injury . . .
Series explosion o surgeries for I&D and skin grafting.
Additional non- . .. o
s o 3 burns to thigh requiring split-thickness
orthopaedic injuries . .
skin grafting
e Foreign body removal
Thumb radial and ulnar e Carpal tunnel release
proper and common e Groin flap
digital nerve injuries e FDS to FPL transfer
Thumb radial proper | e Sural nerve grafting of thumb radial and
Satteson et al., Level 5 Case | E-cigarette digital artery injury ulnar proper and common digital nerves
2018 Report explosion FPL tendon injury e Scar contracture Z-plasty and flap
Skin and soft tissue debulking
defect e A2 and oblique pulley reconstruction
Acute carpal tunnel e Tenolysis of FPL
syndrome e Neurolysis of ulnar proper digital nerve

of the thumb

(IV=Intravenous; I&D=Irrigation and Debridement; FPL= Flexor pollicis longus; FDS= Flexor digitorum superficialis).
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syndrome, a neutrophilic dermatosis resulting in
painful raised plaques. This was treated by debridement
and topical steroids®®. Four studies had e-cigarette
battery explosions, which resulted in groin and thigh
burns®-7414_ These injuries were treated with a range
of modalities, including conservative modalities,
debridements, and split-thickness skin grafting?-=74!43,
Two studies found cervical spine injuries caused by
e-cigarette battery explosions, both of which were treated
conservatively with a hard collar®®*?, Six studies found
additional hand injuries caused by e-cigarette battery
explosions®’¥-414344 Treatments included conservative
treatment, debridement, split-thickness skin grafting, or
reconstructive hand procedures®’**4:434 See Table III.

DISCUSSION

This study found that vaping may be associated with
negative effects on orthopaedic surgery outcomes in
several prior clinical studies. Laboratory studies in this
review also highlighted the potential negative effects of
vaping on orthopaedic surgery. This study also found
that vaping accidents can cause serious orthopaedic
injuries that require extensive reconstruction efforts.
Overall the literature supports that vaping may present
with negative associated outcomes in orthopaedic
surgery.

It is well known that smoking has been associated
with numerous negative outcomes in orthopaedic
surgery'*?, These complications typically involve
delayed wound healing, delayed bony union, and
increased infections'*?°. Nicotine likely plays a large
role within these complications!*?°. Nicotine has been
shown to reduce blood flow to tissues through release
of catecholamines, which leads to vasoconstriction
of vessels®*. Appropriate blood flow is essential
for bone and wound healing?*3, Nicotine has been
shown to have potentially negative effects on union
in tibial shaft fractures, spinal fusions, and foot and
ankle fusions®. Previous literature has highlighted that
nicotine may be a significant driver of these potentially
negative effects, likely in a dose-dependent matter®.
Future studies can be completed to evaluate what dose
relationship exists between nicotine and disruptions to
the microvasculature to quantify measures of nicotine
use.

Vaping is currently a public health crisis with
high prevalence rates among adolescents and young
adults®'°. Studies have shown that vaping cessation
is difficult®®!. Vaping will likely continue to remain
popular among this population for many years to
come. In addition, vaping is becoming more popular

particularly by early school aged children and the
elderly population™?. Currently, there have been
many effective cessation protocols which have been
described®*, and adoption of these protocols by
orthopaedic surgeons to reduce patient vaping before
surgical intervention may be of benefit to patient
outcomes.

Although there is some literature evaluating the
effects of vaping on orthopaedic surgery outcomes,
the volume of literature remains scarce’>*. With
the particularly high prevalence of vaping among
adolescents and young adults'=7'°, more studies on this
subject would help to better understand and evaluate
the effects of vaping on a variety of orthopaedic surgery
procedures. Another consideration is that vaping is a
relatively new substance of use, and the full spectrum
of longitudinal effects remains unknown™. Researchers
can begin the process of conducting longitudinal
studies to better understand the full spectrum of effects
of vaping on orthopaedic surgery.

Limitations

The results of this study should be evaluated within the
context of the studies limitations. The most significant
limitation of this study is the lack of multiple high-
level evidence studies. There is a relatively low number
of orthopaedic surgery vaping cessation clinical
trials or prospective studies that evaluate outcomes.
Future research can be done to conduct these higher-
level evidence studies to assess if causal pathways
exist. A second limitation is the potential for missed
literature. Our search was comprehensive, and we
evaluated seven major databases; however, there is
always the possibility that literature exists outside
of these databases or in another language. A third
limitation is that some of the included database studies
in this review use nontobacco nicotine dependence
(NTND) codes, which may influence outcomes of the
presented studies, as this may include other forms of
non-combustible nicotine products outside of vaping.
This could largely influence the associated outcomes
in regards to vaping, and should be critically evaluated
when making clinical practice recommendations.

CONCLUSION

Vaping may have an associated negative effect on
orthopaedic surgery outcomes in arthroplasty and spine
surgery. Vaping could possibly have a negative effect
on several organ systems, such as the musculoskeletal,
respiratory, integumentary, and immune systems,
leading to surgical complications. Traumatic vaping
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injuries can cause serious orthopaedic injuries that
require extensive operative management. Future
studies can be conducted to evaluate the full spectrum
of the effects of vaping on orthopaedic surgery to
bridge the gap of lacking clinical studies.
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