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Abstract

Musculoskeletal injury is an uncommon but usually self-limited complication of vaccine administration.
We present a case of progressive inflammatory monoarthritis of the shoulder characterized by bone
erosion, bursitis, and severe synovitis caused by an influenza vaccine administered to the ipsilateral deltoid
region. Clinical symptoms began within 2 hours of vaccination, with progressive decline in function over 6
weeks. Magnetic resonance imaging examinations performed 5 months apart demonstrated progressive
erosive changes of the greater tuberosity, rotator cuff injury, and extensive enhancing synovitis of the
glenohumeral joint and subacromial/subdeltoid bursa. After the exclusion of septic arthritis and osteo-
myelitis, the patient underwent nonoperative treatment and experienced near-complete recovery at 32
months. Although inflammatory arthritis of the shoulder following vaccination is rare, there have been
previous reports of it. Clinicians and radiologists need to be aware of this potential complication to ensure
an accurate diagnosis.
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I nfluenza vaccination in the United States
has risen from 12.4 million vaccinations
in 1981 to nearly 160 million in 2018,1

and it is expected to continue to increase in
the future. Estimated benefits from these vac-
cinations include the aversion of 7.1 million
influenza illnesses, 3.7 million fewer medical
visits, 109,000 fewer hospitalizations, and
8000 fewer deaths in 2017-2018.2 These ben-
efits are overwhelming relative to the most
common postvaccination adverse effect of
mild and transient muscle soreness. However,
there has been a corresponding rise in the
number of postvaccination adverse events re-
ported to the Vaccine Adverse Event Reporting
System, rising from 228 during the program’s
inception in 1990 to nearly 12,000 in 2018 for
all types of administered vaccines.3 In 2018,
there were 10,230 reported influenza
vaccination-related complications of varying
severity, representing only 0.006% of influ-
enza vaccine recipients.3 Of these reports, 27
influenza vaccine recipients (.000017%)
described shoulder pain, injury, or synovitis
that was usually self-limited. Given the wide-
spread availability of the influenza vaccination
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to the general public, along with employer
mandates, the relatively rare but more serious
vaccine-related complications will likely be
seen more frequently clinically and on
advanced imaging studies.

Although rare, musculoskeletal injury is a
potentially serious complication of vaccine
administration. The shoulder is most
commonly affected, presenting as bursitis,
tendonitis, or adhesive capsulitis. These symp-
toms are thought to be most commonly
related to improper injection techniques that
result in intra-articular or intrabursal vaccine
administration.4-6 Reports of associated bone
destruction following vaccination are
extremely rare. We present a case of progres-
sive erosive arthritis and adhesive capsulitis
of the glenohumeral joint following influenza
vaccine administration into the ipsilateral del-
toid region. The symptoms resolved over the
course of 32 months with nonoperative man-
agement that included physical therapy and
an ultrasound-guided intra-articular cortico-
steroid injection. We also discuss imaging fea-
tures that aided in distinguishing an
inflammatory from an infectious process.
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INFLAMMATORY ARTHRITIS AFTER INFLUENZA VACCINATION
CASE REPORT
A 51-year-old man presented with acute onset
of left shoulder pain that started within 2
hours of receiving an influenza vaccination in
the ipsilateral deltoid region. The injection
was administered with a 1-inch, 22-gauge nee-
dle in a location 1 cm distal to the lateral edge
of the acromion. Of note, the patient was
slender and physically fit with a weight of 59
kg and body mass index of 21 kg/m2. He
had no significant medical history and no
known allergies. He had previously received
annual influenza vaccinations for more than
20 years without incident. Soon after the onset
of pain, the shoulder became stiff with
decreased internal and external rotation.
Over the next month, he noted continued
FIGURE 1. Magnetic resonance imaging of the left shou
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with surrounding bone marrow edema within the pos
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the infraspinatus tendon (arrowhead in B). The edema
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progressive loss of range of motion and sleep
disruption owing to pain. Magnetic resonance
imaging (MRI) obtained 6 weeks after the
vaccination demonstrated a small focal area
of cortical irregularity and indistinctness
involving the posterolateral humeral head
with surrounding bone marrow edema, sug-
gestive of cortical erosion (Figure 1). A small
amount of fluid and soft tissue thickening
involving the overlying subacromial/subdel-
toid bursa suggested mild focal bursitis.
Increased T2 signal within the superficial fi-
bers of the adjacent infraspinatus tendon was
indicative of tendinopathy or tendon injury
with bursal surface fibrillation. The findings
were predominantly in close proximity to the
site of vaccine administration. However, the
lder obtained 6 weeks after vaccine administration
gittal fat-suppressed T2-weighted images demon-
terior margin of the greater tuberosity (arrow in A)
terolateral humeral head superiorly (arrows in B).
bacromial/subdeltoid bursa and superficial fibers of
within the infraspinatus tracks medially within the
wheads in C). There is evidence of synovitis in the
). (D) Coronal T2-weighted image demonstrates
umeral ligament (arrows in D), and (E) sagittal T1
fat and thickening of the coracohumeral ligament
apsulitis in the appropriate clinical setting.
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FIGURE 2. Radiographic, computed tomographic, and magnetic resonance images from 6 months after
vaccine administration and onset of symptoms and 5 months after the magnetic resonance imaging ex-
amination shown in Figure 1. (A) Anteroposterior radiograph of the left shoulder in internal rotation
suggests progression of cortical erosion along the posterior greater tuberosity (arrows in A, B, and C). (B)
Sagittal reformatted computed tomographic image and (C) coronal T1 magnetic resonance imaging
confirm the progression of the erosive changes. (D) Coronal T2 and (E) postegadolinium-enhanced
coronal spoiled gradient recalled acquisition (SPGR) (E) demonstrate the enhancing bone marrow edema
underlying the erosions (asterisks in D and E) and the enhancing synovitis and capsulitis (white arrows in D
and E) and subacromial/subdeltoid bursitis (black arrows in D and E).
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edema within the infraspinatus tracked medi-
ally within the superficial fibers of the muscle
belly. There was also mildly increased T2
signal within the inferior glenohumeral liga-
ment, mild synovitis in the rotator interval,
obliteration of the retrocoracoid fat, and thick-
ening of the coracohumeral ligament, all of
which are commonly seen in the clinical
setting of adhesive capsulitis7 (Figure 1). A
clinical diagnosis of adhesive capsulitis related
to vaccine administration was made, and the
patient was given ice, nonsteroidal anti-
inflammatory drugs, and physical therapy.

The patient had mild improvement in
symptomatology initially but plateaued after
2 months. A follow-up evaluation 6 months
after the onset of pain revealed classic findings
of adhesive capsulitis on physical examination.
Mayo Clin Proc Inn Qual Out n February 2021
There was no erythema, soft tissue swelling, or
reported history of fever. However, radio-
graphs, computed tomography (CT), and
repeated MRI showed interval progression of
the erosive changes involving the posterior
margin of the greater tuberosity (Figure 2).
MRI also revealed an increase in the surround-
ing bone marrow edema, enhancing gleno-
humeral and acromioclavicular joint
synovitis, and progression of the imaging find-
ings of capsulitis with an edematous and
enhancing inferior glenohumeral ligament.
The changes related to subacromial/subdeltoid
bursitis had also increased, with increased
bursal edema and moderate enhancement.
Abnormal thickening and increased T2 signal
within the infraspinatus tendon progressed,
and there was new abnormal increased T2
;5(1):204-209 n https://doi.org/10.1016/j.mayocpiqo.2020.08.004
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FIGURE 3. Planar anteroposterior images of the shoulders from (A) indium-111 white blood cell scan 24
hours after injection, (B) Tc-99m sulfur colloid bone marrow scan approximately 1 hour after radiotracer
injection, and (C) delayed phase planar anteroposterior image from 3-phase Tc-99m-methyl diphosph-
onate bone scan 3 hours after injection demonstrating a focus of increased white blood cell activity near
the junction of the left humeral head and neck (arrow in A), which is matched by sulfur colloid uptake
(arrow in B), indicating that the white blood cell activity is due to activated bone marrow rather than
infection or osteomyelitis. In addition, the mildly increased uptake on the delayed phase images (arrow in
C) is less intense than would be expected in the presence of osteomyelitis.

INFLAMMATORY ARTHRITIS AFTER INFLUENZA VACCINATION
signal extending anteriorly into the supraspi-
natus tendon without any interval trauma or
inciting event after the initial MRI.

The significant radiologic progression over
the 9 months following symptom-onset raised
concern for an infectious or inflammatory pro-
cess. The erythrocyte sedimentation rate,
C-reactive protein, and white blood cell count
were normal. Analysis of rheumatoid factor
and cyclic citrullinated peptide antibodies
had negative results. A glenohumeral joint
aspiration did not yield any fluid. An indium
white blood cell/sulfur colloid marrow scan
and 3-phase technetium 99m-methyl
diphosphonate bone scan showed a focal
area of white blood cell activity in the humeral
head that was matched by sulfur colloid up-
take, indicating that white blood cell uptake
was due to activated bone marrow rather
than infection. In addition, there was only
mildly increased activity in the left humeral
head on delayed phase bone scan (Figure 3),
which is also more consistent with an inflam-
matory or reactive process than osteomyelitis.

Given the lack of fluid (“dry tap”) on aspira-
tion and the bone scan findings, septic arthritis
and osteomyelitis were excluded from the dif-
ferential diagnosis. He underwent an
ultrasound-guided glenohumeral joint cortico-
steroid injection with 4 mL of bupivacaine
and 40 mg of methylprednisolone. The patient
reported a decrease in pain and improved range
of motion within 6 weeks following the
Mayo Clin Proc Inn Qual Out n February 2021;5(1):204-209 n https
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injection. Physical therapy was reinitiated 11
months after vaccination, and he regained
near full range of motion over the following
year. Follow-up radiographs (not shown) 32
months after the onset of symptoms demon-
strated no further progression of erosive
changes. He has received 3 subsequent annual
influenza vaccinations without complication.

DISCUSSION
Postvaccination injuries resulting in prolonged
shoulder pain and dysfunction, as reported in
our case, have been reported rarely in the
medical literature. The first of these reported
series described 2 patients who had received
vaccinations “high into the deltoid muscle,”4

similar to our case, and the authors were the
first to hypothesize that the “vaccine was
injected into the subdeltoid bursa, causing a
robust local immune and inflammatory
response” that led to subacromial bursitis,
bicipital tendonitis, and “inflammation of the
shoulder capsule.” The authors concluded
that “the upper third of the deltoid muscle
should not be used for vaccine injections,
and the diagnosis of vaccination-related shoul-
der dysfunction should be considered in
patients presenting with severe or disabling
shoulder pain following a vaccination.”

A subsequent report of a series of patients
experiencing prolonged shoulder injury after
vaccination5 postulated that the vaccine was
inadvertently injected directly into the
://doi.org/10.1016/j.mayocpiqo.2020.08.004 207
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shoulder joint or bursa, where pre-existing
antibody in the synovial tissues, present as a
result of earlier naturally occurring infection
or vaccination, could lead to a more prolonged
inflammatory response.6,8 In our case, the vac-
cine was administered in a very proximal loca-
tion, described by the patient as just distal
(approximately 1 cm) to the lateral margin of
the acromion, which might have been admin-
istered in an intrabursal or possibly intra-
articular location in this lean patient.

Subsequently, there have been a few pub-
lished case reports and small series for a total
of 25 cases describing the MRI findings of pro-
longed postvaccination shoulder injury.5,9-13

Fourteen of the 25 cases documented the
MRI findings of bursitis,5,12,14-19 and 10 cases
demonstrated bone marrow edema in the hu-
meral head,5,10-12,14,16,18-20 8 of which fol-
lowed influenza vaccination. Only 4 previous
cases have demonstrated bone erosion on
MRI after vaccination,10,11,19,20 3 of which fol-
lowed influenza vaccination. The additional
MRI findings in these prior reports included
rotator cuff tendinosis and tendon
tears.5,9,10,12,15,16,20 Our case is unique in
that progressive erosive changes were demon-
strated along with an increase in severity of
changes suggesting bursitis, synovitis, and ad-
hesive capsulitis on serial examinations over a
6-month period. In addition, subsequent sta-
bilization of osseous erosions was evident on
radiographic follow-up 32 months later, after
the resolution of symptoms. The persistence
of bone erosions demonstrated on subsequent
radiographs obtained 32 months after the
vaccination represents the longest duration of
postvaccination imaging changes reported to-
date. To our knowledge, there has been only
one other documented case of refractory
shoulder dysfunction with progressive erosive
changes on MRI and CT following influenza
vaccination.11 In that case, the patient did
not respond well to conservative management,
which included 2 ultrasound-guided intraar-
ticular steroid injections and subsequent
arthroscopic biopsy and debridement, with
sampling of the posterior humeral head
erosion. Analysis showed inflammatory
destruction of the articular cartilage and
bone, and marrow replacement by both
fibrous and fibromyxoid tissue.
Mayo Clin Proc Inn Qual Out n February 2021
The current case uniquely illustrates nearly
all of the previously reported postvaccine com-
plications that have occurred around the shoul-
der, including osseous erosive changes of the
humeral head, synovitis, bursitis, adhesive cap-
sulitis, rotator cuff tendon injury, and tendin-
opathy. As in our case, the majority of
previously reported vaccination-related and
MRI-documented cases of shoulder injuries
occurred in patients who reported that the in-
jection was administered into the upper third
of the deltoid. It has been well documented
that vaccinations in this location pose a high
risk for causing injury, particularly when
injected at excessive depth or in a very thin pa-
tient, as the subdeltoid bursa extends an
average of 4 cm distal to the tip of the acro-
mion.4 Safe injection protocols emphasize
proper patient positioning: abduction of the
shoulder to 60 degrees by placing the hand
on the ipsilateral hip, and locating the mid del-
toid at the midpoint between the acromion and
the deltoid tuberosity, which results in safe in-
jection in the mid deltoid.21,22 In addition,
selecting needle length appropriate for patient
size minimizes the risk of intraarticular injec-
tion23 while maintaining a 90 degree angle be-
tween the needle and the skin. With proper
attention to injection site, needle length, injec-
tion angle, and patient positioning, vaccination
injection injuries are avoidable.

CONCLUSION
It is important for both clinicians and radiolo-
gists to be familiar with the possible severe or
disabling complications that can arise from
vaccine administration, especially when
administered more proximally than is recom-
mended in the upper third of the deltoid.
The spectrum of imaging findings that can
manifest in the shoulder include changes of
adhesive capsulitis, erosive arthropathy, suba-
cromial bursitis, and rotator cuff
tendinopathy.
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