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Abstract: Background: Vaccine pharmacovigilance is at the forefront of the public eye. Shoulder
Injuries Related to Vaccine Administration (SIRVA) is a poorly understood Adverse Event Following
Immunisation, with iatrogenic origins. Criteria for medicolegal diagnosis of SIRVA is conflicting,
current literature and educational materials are lacking, and healthcare practitioner knowledge
of the condition is unknown. Methods: A cross-sectional, convenience sampled survey, utilising
a validated online questionnaire assessed practitioner knowledge of SIRVA, safe injecting, and
upper limb anatomy, and preferred definition for SIRVA. Results: Mean scores were moderate
for safe injecting knowledge (69%), and poor for knowledge of anatomy (42%) and SIRVA (55%).
Non-immunising healthcare practitioners scored significantly (p = 0.01, and < 0.05, respectively)
higher than immunising practitioners for anatomy (2.213 ± 1.52 vs. 3.12 ± 1.50), and safe injecting
knowledge (6.70 ± 1.34 vs. 7.14 ± 1.27). Only 52% of authorised vaccinators accurately selected a
40 × 20 mm area recommended for safe injecting. Majority (91.7%) of respondents thought nerve
injuries should be included in the diagnostic criteria for SIRVA. Discussion and conclusions: Greater
education and awareness of SIRVA is needed in all healthcare disciplines. Consensus regarding
SIRVA definition is paramount for accurate reporting and improved future understanding of all
aspects of SIRVA.

Keywords: Shoulder Injuries Related to Vaccine Administration; SIRVA; iatrogenic; anatomical
knowledge; immunisation; landmarking techniques

1. Introduction

As the world has recently and tragically been reminded throughout the COVID-19
pandemic, vaccines are one of the greatest achievements of modern medicine. Despite their
benefits, vaccines can also present with challenges. Shoulder Injuries Related to Vaccine
Administration (SIRVA), the preferred medicolegal term since 2017 for an adverse event
following immunisation (AEFI) affecting the shoulder musculoskeletal region, is an un-
common and poorly understood consequence of improper vaccination administration [1,2].
An iatrogenic mechanism of injury, SIRVA is causally linked to improper vaccination tech-
nique or location, and is considered to be preventable by the Australian Immunisation
Handbook [3] through anatomical landmarking techniques [4]. However, use of these
preventative strategies is poor, with 97% of participants in one study self-reporting they do
not use landmarking techniques [5]. This may be because description of such landmarking
techniques is lacking across immunisation handbooks and best practice guidelines [6–8].

Evidence related to SIRVA is sparse, with the majority of understanding coming from
case studies and case series. The largest and highest quality source of evidence for SIRVA
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is a retrospective cohort study of the Vaccine Adverse Event Reporting Scheme (VAERS),
the pharmacovigilance database for the United States of America [9]. This study examined
adverse event reports from influenza vaccinations from between 2010 and 2017 [9]. Analysis
of the almost 60 thousand reports yielded 1220 reports suspected to be SIRVA. Based on
this, an incidence rate of 1.5–2.5% was estimated by the authors [9]. However, this cannot
be considered a true estimation of incidence, as the denominator used to calculate the
incidence rate was number of received AEFI reports, rather than number of administered
vaccines. Instead, this rate should be considered as a proportion of SIRVA cases from
within all AEFI’s reported to VAERS. VAERS and other pharmacovigilance databases
are also formed from self-reported or non-mandatory medical data, which can lead to a
misrepresentation of actual incidence, as potential cases can be missed if individuals are
not aware of the reporting process [10]. A recent review of the VAERS database yielded
305 cases since 2021 reporting the term SIRVA, with 76.3% of reports being female [11].
Under-reporting, known errors in passive reporting systems, and low clinician awareness
of the condition were proposed as key limitations to estimation of incidence [11]. Education
of clinicians, increased awareness, and use of preventative techniques are reported as being
crucial for prevention of SIRVA [11].

Criteria for the medicolegal diagnosis of SIRVA are currently conflicting within the
literature. The medical dictionary for regulatory activities utilises the American definition,
which excludes neurological or nerve injuries (Table 1) [9,12]. Additionally, seen within the
literature is the Australian definition, which does not directly exclude neurological injuries,
and includes a suspicion of incorrect administration technique (based on patient report or
clinical suspicion from either visualization of the administration site or patient description)
(Table 1) [2]. While these are the most utilised, other definitions that blend or expand these
two sets of criteria have also been used [13].

Table 1. SIRVA diagnostic criteria.

USA/MedDRA [14,15] AUS [2]

Pain occurs within 48 h Onset of symptoms within 24–48 h

Pain and reduced range of motion limited to the limb of the
injection site Pain on movement

No prior history of pain, inflammation, or dysfunction Restricted range of motion of affected limb

No neurological injuries or abnormalities Abnormalities present on medical imaging

No other differential diagnoses present Suspicion of incorrect technique of vaccine administration

Key: USA = United States of America; MedDRA = Medical Dictionary for Regulatory Activities; AUS = Australia;
SIRVA = Shoulder Injuries Related to Vaccine Administration.

As a relatively young topic of interest, there is limited available research, compounded
by differing diagnostic criteria and reporting of SIRVA cases as their induced condi-
tions [16,17]. There is also differing levels of anatomical knowledge among healthcare
practitioners, based on their profession and tertiary education [5,18,19]. Lastly, there is evi-
dence of poor healthcare practitioner awareness of SIRVA [5,20]. The current study aimed to
determine healthcare practitioner (both immunising and non-immunising) self-confidence
and knowledge of vaccination practice, upper limb anatomy, and SIRVA. The study also
aimed to establish healthcare practitioners preferred definition of SIRVA, between two
available definitions.

2. Materials and Methods

From April to September 2022 an online questionnaire (Supplementary Materials)
developed using Qualtrics® [21] was delivered to healthcare practitioners and healthcare
students. Targeted nations included Australia, Canada, New Zealand, United Kingdom,
and the United States of America. Targeted healthcare professions followed the Australian
Health Practitioner Regulation Agency (AHPRA) [22] discipline list, with other professions
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included on an as needed basis secondary to the international nature of data collection.
Face and content validation of the survey was performed in two stages with six healthcare
practitioners, representing the disciplines of Medicine, Physiotherapy, Nursing and Mid-
wifery, Osteopathy, and Pharmacy. Stage one involved evaluation of questions to ensure
that the study aims were adequately examined within the survey. Healthcare practitioners
were asked to consider the appropriateness of each question for their specific discipline,
as the survey was to be presented to both vaccinators and non-vaccinators, delivered in a
split question approach. Stage two involved healthcare practitioners experienced in the
design and methodology of survey-based studies. These practitioners examined question
construction to ensure questions were not leading, confusing, or could have different
interpretations.

Survey distribution was performed via social media outlets such as Facebook and
Twitter, direct emails to regulatory or educational bodies, and through profession specific
newsletters. Using these outlets, promotional material including a link and QR code
were presented to prospective participants. Data were collected via convenience sampling
with voluntary participation. A sample size of 400 participants was determined using
Slovin’s formula, with the population size of N being the approximate number of registered
healthcare practitioners from the target nations, and a margin of error set at 0.05 or 5% [23].
Participants were included if they were previously, currently, or in training to be a healthcare
professional or authorised injector for human immunisation purposes. Participants were
excluded if they were unwilling or unable to provide informed consent, or if they were
not a healthcare professional or healthcare student. Individuals who fulfilled the inclusion
criteria and provided informed consent for participation were granted access to the online
survey. Ethics approval was obtained from University of Canberra Human Research Ethics
Committee for a high-risk project involving humans on 10 March 2022, project number
9192. An amendment following validation was approved on 12 April 2022.

Questionnaire Design

Eight demographic questions asked about country of training (healthcare degree and
specific immunisation training) and practice, time spent in vaccination practise (when
applicable), and whether participants were students or qualified, and from a vaccinating or
non-vaccinating profession. Participants knowledge, beliefs, behaviours, and self-assessed
confidence surrounding safe injecting practices were examined through 24 items including
a seven-point Likert scale, click all that apply, and image-based questions (Figure 1).

Figure 1. Image examples from Qualtrics® questionnaire. Key: (a) Qualtrics question examining
knowledge of safe injecting practices. (b) Standardised image of low body weight model.
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Knowledge of upper limb anatomy was assessed using nine model image items.
Two Likert style questions examined participant self-confidence of knowledge of upper
limb anatomy (Figure 2). To reduce potential confounding variables, a singular standard-
ised image was used with a low body weight model so that anatomical structures were
clearly visible.

Figure 2. Likert scale Qualtrics question examining participant behaviours and self-confidence.

Knowledge and self-assessed confidence specific to SIRVA was assessed through eight
items which examined causes, induced conditions, and at-risk structures, through click all
that apply and Likert style questions (Figure 2). Participants’ preferred definition of SIRVA
was assessed using two items (Figures 3 and 4).

Figure 3. Qualtrics question examining SIRVA diagnostic criteria preference.
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Figure 4. Qualtrics question examining SIRVA diagnostic criteria, specific to neurological injuries.

All data were assessed using SPSS version 28.0 (IBM, New York) [24]. Descriptive
statistics were used to ascertain sample frequencies for each survey question, and indepen-
dent samples t-tests were performed for group comparisons with a p-value set at <0.05.

3. Results

A total of 225 individuals participated in the online survey, with 175 answering
all questions presented. Key participant demographics included: 60.9% of participants
nominating Australia as their country of practice, 72.4% being fully qualified within their
profession, and 59.6% being authorised vaccinators or immunisers (Table A2). Respondents
represented all targeted disciplines registered under the Australian Health Practitioner
Regulation Agency (AHPRA).

3.1. Knowledge of Upper Limb Anatomy

Participant self-assessment or “confidence” of knowledge was high for shoulder
anatomy (85.8%) and safe injecting practices (78.7%), with moderate confidence noted
for SIRVA knowledge (65.8%). Participants from an immunising profession were more
confident in their ability to report a suspected case of SIRVA to a pharmacovigilance body
than participants from non-immunising healthcare professions (76% vs. 42%) with similar
findings noted for referral of suspected cases to appropriate healthcare disciplines (80% vs.
46%). No statistical comparisons were made for the above and examination was limited
to descriptive statistics, secondary to varied sample sizes for each discipline. Mean scores
were moderate for safe injecting knowledge (6.86 ± 1.33, maximum achievable score of
10), and poor for knowledge of anatomy (2.54 ± 1.57, maximum achievable score of 6) and
SIRVA (19.95 ± 5.31, maximum achievable score of 36) (Table 2).

Table 2. Pooled knowledge scores for shoulder anatomy, safe injecting, and SIRVA.

n Minimum Maximum Mean SD Accuracy %

Anatomy knowledge 169 0.00 6.00 2.54 1.57 42
Safe injecting knowledge 172 3.00 10.00 6.86 1.33 69

SIRVA knowledge 185 3.00 32.00 19.95 5.31 55
Key: n = number of respondents; SD = Standard deviation; % = Percent; SIRVA = Shoulder Injuries Related to
Vaccine Administration.

Using data obtained from participants clicking on where they believed specific anatom-
ical structures were located on images of the shoulder, binary (correct vs. incorrect) means
for anatomical knowledge were calculated. Participant responses were considered “correct”
if they fell within the acceptable distance from the target (with size ranging from 30 mm
× 30 mm to 80 mm × 60 mm) for each anatomical structure (Table 3), with the target
location determined by the validation team using an anatomical textbook [25]. Sizes of
the “correct” zones for the binary calculation were intentionally larger than the target
anatomical structure to allow for leniency and to account for differences between presented
images on a variety of electronic devices. When separated into authorised immunisers and
non-immunisers, binary accuracy for the deltoid immunisation site had large variation
between groups (54% correct vs. 84% correct, respectively). Anatomical knowledge accu-
racy scores were highest for the deltoid immunisation site and the subacromial/subdeltoid
bursae, with lowest means noted for the axillary and radial nerves (Table 3). Average
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selected distance (pixel distance scaled to the live model, using a pixel to mm ratio of 1:0.63)
from targeted anatomical structure ranged from 0.3 mm to 54 mm (X axis) and 11.51 mm
to 79.49 mm (Y axis) (Table 3). Average mm distance for each profession from deltoid
immunisation site target is presented in Appendix A (Figure A1).

Table 3. Accuracy of anatomical knowledge on a model image.

Anatomical Structure
Size of Acceptable

Target Location

Proportion of
Selected

Correct Target

Scaled Mean mm Distance
from Target

Scaled SD mm Distance
from Target

X axis Y axis X axis Y axis

Deltoid immunisation site 40 mm × 20 mm 0.66 0.39 10.17 11.51 33.71
Acromion 80 mm × 40 mm 0.37 4.92 12.96 17.21 50.84

Axillary nerve 70 mm × 30 mm 0.27 28.73 54.14 32.42 56.43
Radial nerve 30 mm × 30 mm 0.34 4.26 44.62 27.93 79.49

Deltoid tuberosity 50 mm × 30 mm 0.35 5.80 44.11 22.02 68.73
Bursae 80 mm × 60 mm 0.58 6.02 36.99 18.76 62.08

Key: Binary mean= Correct (1) vs. Incorrect (0); SD = Standard Deviation.

Heat map visualisations of healthcare practitioner selected locations of anatomical
structures (Figure 5) and target locations (Figure 6) are presented below.

Figure 5. Heat map visualisation of selected location of anatomical structures. Key: (A) = Acromion
process; (B) = Axillary nerve; (C) = Radial nerve; (D) = Deltoid tuberosity.

Figure 6. Locations of anatomical structures.
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When separated into healthcare professions, greatest anatomical knowledge mean
scores were seen in the disciplines of Physiotherapy and Pharmacy (Table 4).

Table 4. Mean anatomical knowledge of specific healthcare disciplines.

Healthcare Discipline n Mean SD

Chinese Medicine 11 1.00 0.63
Chiropractic 13 1.08 0.95

Medicine 17 1.29 1.10
Medical Radiation Science 13 1.46 1.13

Nursing and Midwifery 55 2.51 1.39
Osteopathy 9 1.11 1.05

Paramedicine 5 1.20 0.84
Pharmacy 23 3.52 1.59

Physiotherapy/Physical therapy 44 3.52 1.25
Physician’s Assistant 4 1.75 0.50

Key: n = Number of participants; SD = Standard Deviation.

3.2. Knowledge of Safe Injecting Practices

Participants had greatest accuracy in identifying “incorrect” examples of immunisation
administration (mean scores = 0.83, 0.90, 0.82) (Table 5). Lowest mean accuracy was noted
for examples in which the model’s hand was placed on their hip (Image 3 = 0.42, Image
7 = 0.44) (Table 5).

Table 5. Respondent accuracy in identifying correct and incorrect examples of immunisation.

Safe Injecting Image n Accurate n Inaccurate % Accurate

Image 1 (Correct) 135 37 78%
Image 2 (Correct) 106 66 62%
Image 3 (Correct) 73 99 42%
Image 4 (Correct) 105 67 61%

Image 5 (Incorrect) 143 29 83%
Image 6 (Incorrect) 154 18 90%
Image 7 (Correct) 75 97 44%

Image 8 (Incorrect) 141 31 82%
Image 9 (Correct) 134 38 78%

Key: n = Number of Participants; SD = Standard Deviation; % = Percent.

Immunising healthcare practitioners largely self-reported as using anatomical land-
marking techniques (76.5%), however, only 45 participants (39.1%) self-reported as using
these techniques every time. All healthcare practitioners (both immunising and non-
immunising) were asked to consider benefits and limitations of landmarking techniques.
Main benefits of landmarking techniques were noted as “providing an accurate site for
injection” (selected by 78.5% of respondents) and “protecting important underlying struc-
tures from being damaged” (selected by 75% of respondents) (Table 6). Other benefits
were described by eight participants and included “reducing pain”, “conforming to best
practice”, “standardisation”, and “improved effectiveness of immune response”.

Table 6. Respondent nominations of benefits of landmarking techniques.

Benefits of Landmarking Yes No

Provides an accurate site for injection 179 49
Protects the vaccinator from liability 88 140

Protects important underlying structures from
being damaged 172 56

Improves patient trusts in the practitioner 110 118
No benefits 2 226

Other 8 -



Vaccines 2022, 10, 1991 8 of 16

Main limitations of landmarking were noted as “time consuming” (selected by 28.5% of
respondents) and “inaccurate” (selected by 17% of respondents) (Table 7). Other limitations
were described by 14 participants and included “patient discomfort with undressing”,
“patient belief that landmarking technique may be site of injection”, “unable to account for
muscle mass variations”, “changing technique preference by regulatory bodies”, “physical
characteristics of practitioner e.g., hand size” and “anatomical variations”.

Table 7. Respondent nominations of limitations of landmarking techniques.

Limitations of Landmarking Techniques Yes No

Time consuming 65 163
Inaccurate 39 189

Unnecessary, eyeballing is sufficient 22 206
Not effective at protecting underlying structures 21 207

No limitations 94 134
Other 14 -

3.3. Group Comparisons for Knowledge Domains

Independent samples t-tests were performed for knowledge scores of anatomy, safe
injecting practices, and SIRVA, comparing immunising and non-immunising professions,
fully qualified practitioners and students, and self-declared high and low confidence
(Tables A3–A5). Non-immunising professions on average scored higher than immunis-
ing professions in all three knowledge assessments (Table A2). Statistical significance
was found between immunising and non-immunising professions for anatomy knowl-
edge (2.213 ± 1.52 vs. 3.12 ± 1.50, p ≤ 0.001, 95% CI = −1.38 to −0.43) and safe in-
jecting knowledge (6.70 ± 1.34 vs. 7.14 ± 1.27, p = 0.033, 95% CI = −0.86 to −0.04)
(Tables A2 and A3). Fully qualified practitioners had higher mean scores than students
for anatomy and SIRVA knowledge with significance achieved for the latter (20.40 ± 5.13
vs. 18.50 ± 5.68, p = 0.037, 95% CI = −0.11 to 3.70), with students scoring higher for
safe injecting knowledge (Table A4). Those who were “confident” in their knowledge
scored higher in anatomy and SIRVA than those “not confident” (Table A5). However,
the inverse was noted for safe injecting knowledge, where those “not confident” scored
higher than practitioners who were “confident” (6.70 ± 1.35 vs. 7.47 ± 1.16, p ≤ 0.05, 95%
CI = 0.26 to 1.28) (Table A5). When separated into respondents who were immunisers
and non-immunisers, immunising respondents had minimal differences in confidence of
safe injecting practice, with a wide variety in knowledge scores for safe injecting practice
(Figure 7). Non-immunising healthcare practitioners maintained an inverse relationship
between confidence and knowledge of safe injecting practices (Figure 7).

Figure 7. Non-linear correlation between confidence and knowledge of safe injecting practices,
between authorised immunisers and non-immunisers. Key: Error bars = 95% Confidence Intervals.
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3.4. Preferred Diagnostic Criteria

No clear preference was identified for a definition of SIRVA, with 41.4% of participants
selecting the option for both (USA/MedDRA vs. AUS) (Table 8). However, 91.7% of the
175 respondents to the final question indicated that nerve injuries should be included in
the definition of SIRVA (Table 8).

Table 8. Practitioner preferred opinion of diagnostic criteria (SIRVA definition).

Preferred Definition n Valid %

SIRVA definition
USA/MedDRA 50 29.6

AUS 44 26.0
Both 70 41.4

Neither 5 3.0
Missing 56

SIRVA nerve inclusion
Yes 155 91.7
No 14 8.3

Missing 56
Key: n = number of respondents; % = Percent; SIRVA = Shoulder Injuries Related to Vaccine Administration;
USA = United States of America; MedDRA = Medical Dictionary for Regulatory Activities; AUS = Australia.

4. Discussion

The current study indicates there is a low level of healthcare practitioner and healthcare
student knowledge related to SIRVA, shoulder anatomy, and safe injecting practices. To date,
only one other study, conducted in 2005, has explored this area [5]. Like the current study,
findings of that study found practitioners had moderate confidence in their anatomy and
SIRVA knowledge, with poor actual knowledge of which structures were at risk [5]. Differing
levels of human anatomy tertiary education was suggested as the primary reason for this
finding [5]. From the current study, large variation of selected location was noted for the
anatomical landmarks of the acromion process, axillary nerve, radial nerve, and deltoid
tuberosity (Table 3, and Figure 5). This is concerning as, not only are these structures at risk
of injury, but the acromion process and deltoid tuberosity are also the main bony landmarks
used in the anatomical landmarking techniques described for human immunisation [20,26,27].

The findings of the current study indicate that the disciplines of Physiotherapy and
Pharmacy have the greatest levels of anatomical knowledge related to the shoulder. Phys-
iotherapy places a large focus on surface anatomy and anatomical knowledge within
qualifying degrees [28]. The discipline of Pharmacy experiences high levels of scrutiny
and specific training for pharmacist vaccinators (particularly in countries such as Australia
where this discipline is relatively new to immunisation practice) [29]. These may be possible
reasons behind the findings of the current study. However, mean scores of anatomical
knowledge, even for these highest performing professions, indicate that knowledge is
poor. Anatomical knowledge declines in healthcare professions, even while undertaking
study, but more so in the first two years following graduation [28,30,31]. Development
and integration of anatomical revision materials has been suggested as a method to reduce
this knowledge attrition [28,32]. A review of Physiotherapy and Pharmacy anatomy con-
tent may guide development of these materials, given the apparent improved knowledge
retention in these disciplines.

Participants in the current study demonstrated high levels of accuracy in identifying
“incorrect” examples of human immunisation technique, with moderate accuracy in identi-
fying “correct” examples. Lowest accuracy was found for images in which the model’s hand
was placed on their ipsilateral hip, a technique which has been described in the literature
to both relax the deltoid muscle and move the axillary nerve closer to the acromion pro-
cess [20,27,33]. However, this has not been described in immunisation handbooks, which
may have caused the discrepancy [6–8,26]. Practitioner respondents in the McGarvey &
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Hooper [5] study largely self-reported not using landmarking techniques (96%), instead
relying on visualisation of the target muscle. Unclear policy and poorly regulated human
immunisation training was the main suggestion for this finding [5]. However, in numerous
education pieces related to the prevention of SIRVA, complacency of practitioners has been
suggested [20,27]. Self-reported use of landmarking techniques in the current study was
far higher than those in the McGarvey& Hooper [5] study (39.1% strongly agree as always
using techniques), however, still significantly below the 100% use recommended by the
Australian Immunisation Handbook [3,26]. A number of respondents in the current study
(29%) perceived landmarking techniques as being time consuming, identifying this as a
limitation to use. This raises concerns regarding actual practitioner application of these
techniques, given most are designed to be implemented while the immunisation is being
administered [3]. The Australian Immunisation Handbook appears to be the only resource
to discuss anatomical landmarking techniques, with other handbooks and guidelines only
recommending needle length, angle of delivery, and site of injection [6–8,26]. Inclusion
of anatomical landmarking techniques within immunisation guidelines has potential to
improve use of these protective strategies by healthcare practitioners.Reasons behind poor
knowledge of SIRVA may be related to differing diagnostic criteria used between practition-
ers and governing bodies, limited availably of educational materials, and under-reporting
of suspected cases leading to an inaccurate measure of incidence [17]. This study highlights
a need for greater education related to pharmacovigilance bodies and reporting pathways
available to healthcare practitioners. Only 42% of non-immunising healthcare practitioner
respondents felt confident to report a suspected case of SIRVA to the relevant governing
body. Non-immunising healthcare disciplines, while not involved in vaccine administration
outside of surge workforces, have the potential to be first contact practitioners/disciplines
for patients who have suffered from a SIRVA and are likely to diagnose and manage SIRVA
induced conditions. As such, if not reported prior, first contact practitioners should report
suspected cases to pharmacovigilance bodies. However, the authors do recognise that
reporting of AEFIs is mandatory only for pharmaceutical companies, not for healthcare
practitioners, in Australia, the United Kingdom, the United States of America, Canada,
and New Zealand, which does diminish the likelihood of understanding prevalence with
confidence [7,8,14,26,34,35]. Practitioner respondents to the survey had confidence levels
greatly exceeding their actual knowledge (Figure 7). As such, the development of edu-
cational materials alone may not be sufficient in addressing the low knowledge base of
practitioners. It is probable that practitioners with high self-confidence are unlikely to
identify knowledge gaps and seek out appropriate additional training. As such, the authors
propose that educational materials for SIRVA should be included in tertiary educational
courses, with mandatory update training for already qualified practitioners.

Given the conflicting diagnostic criteria, and the overwhelming preference for neuro-
logical injuries to be included in the SIRVA definition, the initial estimated proportion of
1.5–2.5% by Hibbs et al. [9] utilising the American definition, is brought into question. This
exclusion of neurological injuries has potentially lowered the estimated proportion and
further reduces the awareness and understanding of the condition. Improper immunisation
has been demonstrated as having a causal link to neurological injuries through numerous
retrospective cohort studies, yet this area has been discounted and excluded [36–38]. Using
the proposed estimated proportion of 1.5–2.5% and applying it to 2021 COVID-19 AEFI
reports in Australia would give 1461 to 2435 cases [39]. When expanded to global reports
of AEFI’s, using the World Health Organisation’s Vigiaccess database, COVID-19 AEFI’s
in 2021 resulted in 2,878,798 reports, which would give an estimated proportion of 43,181
to 71,969 cases as SIRVA [40]. A more encompassing diagnosis that includes neurological
injuries would likely greatly increase this figure. Moving forward, to reduce confusion
and aid in accurate reporting, a consensus definition that addresses the inclusion of nerve
injuries should be developed and implemented globally.
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5. Conclusions

The findings of the current study suggest that healthcare practitioners’ knowledge
of SIRVA, shoulder anatomy, and correct immunisation techniques are poor. A lack of
knowledge of the underlying anatomy and safe injecting practices, increases risk of errors
during administration. Lack of knowledge of the condition itself reduces ability to recognise,
diagnose, manage, and report suspected cases. SIRVA is of concern to all healthcare
practitioners. Greater education, awareness, and consensus regarding SIRVA definition is
paramount to reducing the incidence of this challenging mechanism of injury.

5.1. Limitations

This study is limited by its sample size not reaching the level of statistical power, which
does not allow for wider generalisability. It is also limited by the potential for self-selection bias.

5.2. Clinical Relevance and Proposed Future Research

Possible future directions of this research include development of a consensus def-
inition for SIRVA, a review and update of current immunisation education with a focus
on available landmarking techniques and preventative strategies, refreshing of human
anatomy knowledge within professional development courses with potential for manda-
tory update and knowledge assessment, reviews of relevant undergraduate healthcare
degrees, and the development of SIRVA educational materials.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/vaccines10121991/s1, Qualtrics® questionnaire.
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Appendix A

Table A1. Demographic data.

n %
Country of practice

Australia 137 60.9
Canada 4 1.8

New Zealand 29 12.9
United Kingdom 13 5.8

United States of America 40 17.8
Other 2 0.9

Field of practice
Chinese medicine 12 5.3

Chiropractic 17 7.6
Medicine 27 12.0

Medical radiation practice 14 6.2
Nursing 72 32.0

Osteopathy 9 4.0
Paramedicine 5 2.2

Pharmacy 26 11.6
Physiotherapy 65 28.9

Physician’s assistant 5 2.2
Other 2 0.9

Qualification
Full 163 72.4

Student 62 27.6
Authorised vaccinator

Yes 134 59.6
No 91 40.4

Vaccination training
Yes undergrad 68 30.2

Yes external 63 47.4
No 2 1.5

Key: n = number of respondents; % = Percent.

Table A2. Mean scores for anatomy, safe injecting, and SIRVA knowledge.

n Mean SD SE

Authorised
immuniser

Anatomy Yes 108 2.21 1.52 0.15
No 61 3.12 1.50 0.19

Injecting Yes 109 6.70 1.34 0.13
No 63 7.14 1.27 0.16

SIRVA Yes 118 19.79 5.30 0.49
No 67 20.24 5.36 0.65

Qualification
Anatomy Full 129 2.46 1.55 0.14

Student 40 2.80 1.62 0.26
Injecting Full 131 6.79 1.29 0.11

Student 41 7.07 1.44 0.23
SIRVA Full 141 20.40 5.13 0.43

Student 44 18.50 5.68 0.86
Confidence

Anatomy Agree 145 2.61 1.57 0.13
Disagree 23 2.09 1.54 0.32

Injecting Agree 129 6.70 1.35 0.12
Disagree 32 7.47 1.16 0.21

SIRVA Agree 119 20.43 5.21 0.48
Disagree 62 19.13 5.22 0.66

Key: n = number of respondents; SD = Standard Deviation; SE = Standard Error SIRVA = Shoulder Injuries Related
to Vaccine Administration.
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Figure A1. Average millimeter (mm) distance from target deltoid injection site, categorised by discipline.

Table A3. Independent T-Test comparing knowledge levels of immunising professions with non-
immunising professions.

Levene’s Test for
Equality of
Variances

95% CI

F p t df p
(2-Tailed)

Mean
Difference

SE
Difference Lower Upper

Anatomy
knowledge

Equal variances
assumed 0.12 0.73 −3.73 167.00 <0.001 * −0.90 0.24 −1.38 −0.43

Equal variances
not assumed −3.75 126.09 <0.001 * −0.90 0.24 −1.38 −0.43

SIRVA
knowledge

Equal variances
assumed 0.71 0.40 −0.55 183.00 0.58 −0.45 0.81 −2.06 1.16

Equal variances
not assumed −0.55 136.03 0.58 −0.45 0.82 −2.07 1.16

Safe
injecting

knowledge

Equal variances
assumed 0.25 0.62 −2.15 170.00 <0.05 * −0.45 0.21 −0.86 −0.04

Equal variances
not assumed −2.18 135.20 <0.05 * −0.45 0.21 −0.85 −0.04

Key: F = F-test of variance; p = Significance; * = Significant result; t = Independent T-Test; df = Degrees of freedom;
95% CI = 95% Confidence Interval.
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Table A4. Independent T-Test comparing fully qualified professionals and students.

Levene’s Test for
Equality of
Variances

95% CI

F p T df p
(2-Tailed)

Mean
Difference

SE
Difference Lower Upper

Anatomy
knowledge

Equal variances
assumed 0.04 0.84 −1.21 167.00 0.23 −0.034 0.28 −0.90 0.22

Equal variances
not assumed −1.18 62.61 0.24 −0.34 .29 −0.92 0.24

SIRVA
knowledge

Equal variances
assumed 0.20 0.66 2.10 183.00 <0.05 * 1.90 0.91 −0.11 3.70

Equal variances
not assumed 1.99 66.38 <0.05 * 1.90 0.96 −0.01 3.82

Safe
injecting

knowledge

Equal variances
assumed 0.81 0.37 −1.18 170.00 0.24 −0.28 0.24 −0.75 0.20

Equal variances
not assumed −1.11 61.38 0.27 −0.28 0.25 −0.78 0.22

Key: F = F-test of variance; p = Significance; * = Significant result; t = Independent T-Test; df = Degrees of freedom;
95% CI = 95% Confidence Interval.

Table A5. Independent T-Test comparing high and low self-declared confidence.

Levene’s Test for
Equality of
Variances

95% CI

F p t df p
(2-Tailed)

Mean
Difference

SE
Difference Lower Upper

Anatomy
knowledge

Equal variances
assumed 0.23 0.64 −1.50 166.00 0.14 −0.53 0.35 −1.22 0.17

Equal variances
not assumed −1.53 29.77 0.14 −0.53 0.35 −1.23 0.18

SIRVA
knowledge

Equal variances
assumed 0.08 0.77 −1.59 179.00 0.11 −1.30 0.82 −2.91 0.31

Equal variances
not assumed −1.59 123.55 0.11 −1.30 0.82 −2.92 0.32

Safe
injecting

knowledge

Equal variances
assumed 0.69 0.41 2.97 159.00 <0.05 * 0.77 0.26 0.26 1.28

Equal variances
not assumed 3.25 53.70 <0.05 * 0.77 0.24 0.30 1.25

Key: F = F-test of variance; p = Significance; * = Significant result; t = Independent T-Test; df = Degrees of freedom;
95% CI = 95% Confidence Interval.

References
1. Hesse, E.M.; Atanasoff, S.; Hibbs, B.F.; Adegoke, O.J.; Ng, C.; Marquez, P.; Osborn, M.; Su, J.R.; Moro, P.L.; Shimabukuro, T.;

et al. Shoulder Injury Related to Vaccine Administration (SIRVA): Petitioner claims to the National Vaccine Injury Compensation
Program, 2010–2016. Vaccine 2019, 38, 1076–1083. [CrossRef] [PubMed]

2. Clothier, H.J.; Lawrie, J.; Lewis, G.; Russell, M.; Crawford, N.W.; Buttery, J.P. SAEFVIC: Surveillance of adverse events following
immunisation (AEFI) in Victoria, Australia, 2018. Commun. Dis. Intell. 2020, 44. [CrossRef] [PubMed]

3. Australian Immunisation Handbook: Avoiding Shoulder Injury Related to Vaccine Administration; Australian Government, Department
of Health: Canberra, Australia, 2021.

4. Wright Clayton, E.; Aban, I.; Barrett, D.; Bebin, M.; Bibbins-Domingo, K.; Colditz, G.; Constantine-Paton, M.; Del Junco, D.;
Diamond, B.; Johnston, S.C.; et al. Adverse Effects of Vaccines: Evidence and Causality; Institute of Medicine of the National
Academies: Washington, DC, USA, 2011.

5. McGarvey, A.; Hooper, C. The Deltoid Intramuscular Injection Site in the Adult—Current Practice Among General Practition-ers
and Practice Nurses. Ir. Med. J. 2005, 98, 105–107. [PubMed]

6. Kroger, A.; Bahta, L.; Hunter, P. General Best Practice Guidelines for Immunization. Best Practices Guidance of the Advisory Committee
on Immunization Practices (ACIP); Centers for Disease Control and Prevention (CDC): Atlanta, GA, USA, 2018; pp. 1–193.

7. Public Health Agency of Canada. Vaccine Administration Practices: Canada Immunization Guide; Public Health Agency of Canada:
Ottawa, ON, Canada, 2017; Available online: https://www.canada.ca/en/public-health/services/publications/healthy-living/
canadian-immunization-guide-part-1-key-immunization-information/page-8-vaccine-administration-practices.html#p1c7a3c
(accessed on 10 July 2021).

8. Ramsay, M. Immunisation against Infectious Disease; Public Health England, Department of Health: London, UK, 2013. Available
online: https://www.gov.uk/government/collections/immunisation-against-infectious-disease-the-green-book (accessed on 12
August 2021).

http://doi.org/10.1016/j.vaccine.2019.11.032
http://www.ncbi.nlm.nih.gov/pubmed/31771864
http://doi.org/10.33321/cdi.2020.44.46
http://www.ncbi.nlm.nih.gov/pubmed/32536336
http://www.ncbi.nlm.nih.gov/pubmed/15938552
https://www.canada.ca/en/public-health/services/publications/healthy-living/canadian-immunization-guide-part-1-key-immunization-information/page-8-vaccine-administration-practices.html#p1c7a3c
https://www.canada.ca/en/public-health/services/publications/healthy-living/canadian-immunization-guide-part-1-key-immunization-information/page-8-vaccine-administration-practices.html#p1c7a3c
https://www.gov.uk/government/collections/immunisation-against-infectious-disease-the-green-book


Vaccines 2022, 10, 1991 15 of 16

9. Hibbs, B.F.; Ng, C.S.; Museru, O.; Moro, P.L.; Marquez, P.; Woo, E.J.; Cano, M.V.; Shimabukuro, T.T. Reports of atypical shoulder
pain and dysfunction following inactivated influenza vaccine, Vaccine Adverse Event Reporting System (VAERS), 2010–2017.
Vaccine 2019, 38, 1137–1143. [CrossRef]

10. Hazell, L.; Shakir, S.A. Under-Reporting of Adverse Drug Reactions: A systematic review. Drug Saf. 2006, 29, 385–396. [CrossRef]
11. Bass, J.R.; Poland, G.A. Shoulder injury related to vaccine administration (SIRVA) after COVID-19 vaccination. Vaccine 2022, 40,

4964–4971. [CrossRef]
12. Brown, E. Medical Dictionary for Regulatory Activities (MedDRA®). Pharmacovigilance 2006, 168–183. [CrossRef]
13. Zheng, C.; Duffy, J.; Liu, I.L.; Sy, L.S.; Navarro, R.A.; Kim, S.S.; Ryan, D.; Chen, W.; Qian, L.; Mercado, C.; et al. Identifying Cases

of Shoulder Injury Related to Vaccine Administration (SIRVA) Using Natural Language Processing. MedRxiv 2021. [CrossRef]
14. Shimabukuro, T.T.; Nguyen, M.; Martin, D.; DeStefano, F. Safety monitoring in the Vaccine Adverse Event Reporting System

(VAERS). Vaccine 2015, 33, 4398–4405. [CrossRef]
15. Centre for Disease Control and Prevention. Vaccine Injury Table; Department of Health and Human Services, United States of

America: Washington, DC, USA, 2022. Available online: https://www.hrsa.gov/sites/default/files/hrsa/vicp/vaccine-injury-
table-01-03-2022.pdf (accessed on 10 January 2022).

16. Mackenzie, L.J.; Bousie, J.A.; Newman, P.; Bushell, M.-J.A. Shoulder Injuries Related to Vaccine Administration. Aust. Pharmacist.
2022, 40, 60–68.

17. Mackenzie, L.J.; Bushell, M.-J.A.; Newman, P.; Bousie, J.A. Shoulder injury related to vaccine administration (SIRVA): What do we
know about its incidence and impact? Explor. Res. Clin. Soc. Pharm. 2022, 8, 100183. [CrossRef] [PubMed]

18. Donovan, M. Anatomy Results in Occupational Therapy and Physiotherapy: Why the Discrepancy? Br. J. Occup. Ther. 1994, 57,
224–227. [CrossRef]

19. Mitchell, R.; Batty, L. Undergraduate perspectives on the teaching and learning of anatomy. ANZ J. Surg. 2009, 79, 118–121.
[CrossRef]

20. Bancsi, A.; Houle, S.K.D.; Grindrod, K.A. Shoulder injury related to vaccine administration and other injection site events. Can.
Fam. Physician 2019, 65, 40–42.

21. Qualtrics®. Released 2020. Qualtrics, Version November 2021; Qualtrics: Provo, UT, USA, 2021.
22. Australian Health Practitioner Regulation Agency (AHPRA). National Registration and Accreditation Scheme; AHPRA: Canberra,

Australia, 2022. Available online: https://www.ahpra.gov.au/About-Ahpra/What-We-Do/FAQ.aspx (accessed on 6 October
2022).

23. Adam, A. Sample size determination in survey research. J. Sci. Res. Rep. 2020, 26, 90–97. [CrossRef]
24. IBM Corp. Released 2021. IBM SPSS Statistics for Windows, Version 28.0; IBM Corp: Armonk, NY, USA, 2021.
25. Agur, A.; Dalley, A. Grant’s Atlas of Anatomy, 15th ed.; Wolters Kluwer Health/Lippincott Williams & Wilkins: Philadelphia, PA,

USA, 2020.
26. Australian Technical Advisory Group on Immunisation. Australian Immunisation Handbook; Australian Government, DepartMent

of Health: Canberra, Australia, 2018.
27. Cid, A.; Houle, S.K.D.; Grindrod, K.A. Getting it in the right spot: Shoulder injury related to vaccine administration (SIRVA) and

other injection site events. Can. Pharm. J. Rev. Pharm.Can. 2018, 151, 295–299. [CrossRef]
28. Shead, D.A.; Roos, R.; Olivier, B.; Ihunwo, A.O. Curricular and pedagogical aspects of gross anatomy education for undergraduate

physiotherapy students: A scoping review. JBI Évid. Synth. 2019, 18, 893–951. [CrossRef]
29. Lau, E.T.; Rochin, M.E.; DelDot, M.; Glass, B.D.; Nissen, L.M. There’s No Touching in Pharmacy: Training Pharmacists for

Australia’s First Phar-macist Immunization Pilot. Can. J. Hosp. Pharm. 2017, 70, 281–287. [CrossRef]
30. Dayal, M.; Owens, J.; Gibson, W.; Strkalj, G. Anatomical knowledge retention in physiotherapy students: A preliminary

assess-ment. Int J Anat Res. 2017, 5, 3474–3479. [CrossRef]
31. Custers, E.J.F.M.; Cate, O.T. Very long-term retention of basic science knowledge in doctors after graduation. Med. Educ. 2011, 45,

422–430. [CrossRef]
32. Jeffery, N.; Oi, M.; Schachtel, M.; Tedman, R.; Dissabandara, L. Clinically relevant anatomical knowledge retention among medical

graduands: A global medical education concern? In Proceedings of the ICERI2018 Proceedings, Seville, Spain, 12–14 November
2018; p. 1533. [CrossRef]

33. Cheung, S.; Fitzpatrick, M.; Lee, T.Q. Effects of shoulder position on axillary nerve positions during the split lateral deltoid
approach. J. Shoulder Elb. Surg. 2009, 18, 748–755. [CrossRef] [PubMed]

34. Mungwira, R.G.; Guillard, C.; Saldaña, A.; Okabe, N.; Petousis-Harris, H.; Agbenu, E.; Rodewald, L.; Zuber, P.L.F. Global
landscape analysis of no-fault compensation programmes for vaccine injuries: A review and survey of implementing countries.
PLoS ONE 2020, 15, e0233334. [CrossRef]

35. The Immunisation Advisory Centre. Safety Monitoring; The University of Auckland: Auckland, New Zealand, 2022; Available
online: https://www.immune.org.nz/vaccines/vaccine-safety/safety-monitoring (accessed on 12 April 2022).

36. Kakati, A.; Bhat, D.; Devi, B.I.; Shukla, D. Injection nerve palsy. J. Neurosci. Rural Pract. 2013, 4, 13–18. [CrossRef] [PubMed]
37. Esquenazi, Y.; Park, S.H.; Kline, D.G.; Kim, D.H. Surgical management and outcome of iatrogenic radial nerve injection injuries.

Clin. Neurol. Neurosurg. 2016, 142, 98–103. [CrossRef]
38. Kim, H.J.; Park, S.K.; Park, S.H. Upper limb nerve injuries caused by intramuscular injection or routine venipuncture. Anesth.

Pain Med. 2017, 12, 103–110. [CrossRef]

http://doi.org/10.1016/j.vaccine.2019.11.023
http://doi.org/10.2165/00002018-200629050-00003
http://doi.org/10.1016/j.vaccine.2022.06.002
http://doi.org/10.1002/9780470059210.ch13
http://doi.org/10.1101/2021.05.05.21256555
http://doi.org/10.1016/j.vaccine.2015.07.035
https://www.hrsa.gov/sites/default/files/hrsa/vicp/vaccine-injury-table-01-03-2022.pdf
https://www.hrsa.gov/sites/default/files/hrsa/vicp/vaccine-injury-table-01-03-2022.pdf
http://doi.org/10.1016/j.rcsop.2022.100183
http://www.ncbi.nlm.nih.gov/pubmed/36268129
http://doi.org/10.1177/030802269405700608
http://doi.org/10.1111/j.1445-2197.2008.04826.x
https://www.ahpra.gov.au/About-Ahpra/What-We-Do/FAQ.aspx
http://doi.org/10.9734/jsrr/2020/v26i530263
http://doi.org/10.1177/1715163518790771
http://doi.org/10.11124/JBISRIR-2017-003903
http://doi.org/10.4212/cjhp.v70i4.1678
http://doi.org/10.16965/ijar.2016.485
http://doi.org/10.1111/j.1365-2923.2010.03889.x
http://doi.org/10.21125/iceri.2018.1347
http://doi.org/10.1016/j.jse.2008.12.001
http://www.ncbi.nlm.nih.gov/pubmed/19278875
http://doi.org/10.1371/journal.pone.0233334
https://www.immune.org.nz/vaccines/vaccine-safety/safety-monitoring
http://doi.org/10.4103/0976-3147.105603
http://www.ncbi.nlm.nih.gov/pubmed/23546341
http://doi.org/10.1016/j.clineuro.2016.01.014
http://doi.org/10.17085/apm.2017.12.2.103


Vaccines 2022, 10, 1991 16 of 16

39. Therapeutic Goods Administration. COVID-19 Vaccine Weekly Safety Report—06-01-2022; Australian Government, Department of
Health: Canberra, Australia, 2022. Available online: https://www.tga.gov.au/news/covid-19-vaccine-safety-reports/covid-19
-vaccine-weekly-safety-report-06-01-2022#total-adverse-event-reports-to-2-january-2022 (accessed on 6 October 2022).

40. World Health Organisation Collaborating Centre for International Drug Monitoring. Vigiaccess; World Health Organisation:
Cham, Switzerland, 2022; Available online: https://www.vigiaccess.org/ (accessed on 6 October 2022).

https://www.tga.gov.au/news/covid-19-vaccine-safety-reports/covid-19-vaccine-weekly-safety-report-06-01-2022#total-adverse-event-reports-to-2-january-2022
https://www.tga.gov.au/news/covid-19-vaccine-safety-reports/covid-19-vaccine-weekly-safety-report-06-01-2022#total-adverse-event-reports-to-2-january-2022
https://www.vigiaccess.org/

	Introduction 
	Materials and Methods 
	Results 
	Knowledge of Upper Limb Anatomy 
	Knowledge of Safe Injecting Practices 
	Group Comparisons for Knowledge Domains 
	Preferred Diagnostic Criteria 

	Discussion 
	Conclusions 
	Limitations 
	Clinical Relevance and Proposed Future Research 

	Appendix A
	References

