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Abstract

Objectives: There is no consensus reference standard for diagnosing prosthetic shoulder joint infection
(PJI). There may be inadequate distinction between colonization and infection. It is not clear that culture
of a common shoulder commensal organism can account for unexpected pain or stiffness after shoulder
arthroplasty. In this survey-based experiment, we asked: 1) What patient and surgeon variables are
associated with diagnosis of shoulder PJI? And 2) What is the surgeon interobserver agreement for
diagnosis of shoulder PJI?

Methods: One hundred seven members of the Science of Variation Group reviewed ten hypothetical patient
scenarios with five randomized variables: examination findings, serum markers, synovial fluid markers, histological
assessment, and organism cultured from deep tissue specimens. Participants diagnosed the presence or absence
of shoulder PJI. Mixed multilevel logistic regression sought variables associated with PJI diagnosis. Interobserver
agreement was measured with Fleiss kappa.

Results: Surgeon diagnosis of shoulder PJl was independently associated with deep tissue culture growth of C.
acnes (OR=235 [95% CI 19 to 2933]; P < 0.01), S. epidermidis (OR=147 [95% CI 8.4 to 2564]; P < 0.01), and S.
aureus (OR=110 [95% CI 6.9 to 1755]; P < 0.01) much more so than presence of a sinus tract on examination
(OR=43 [95% CI 3.7 to 505]; P < 0.01), inflammatory histology (OR=15 [95% CI 4.0 to 58]; P < 0.01), inflammatory
synovial fluid markers (OR=13 [95% CI 3.9 to 45]; P < 0.01), and serum inflammatory markers (OR=5.8 [95% CI
2.0 to 17]; P < 0.01). The reliability of surgeon diagnosis for shoulder PJl was poor (Fleiss kappa = 0.013 [95% CI -
0.0039 to 0.031]).

Conclusion: The observation that surgeons may not adequately distinguish colonization and infection - considering
any positive culture as an infection - combined with the low reliability of diagnosis observed, suggests possible
overdiagnosis and overtreatment of shoulder PJI.

Level of evidence: IV
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Introduction
‘ olonization is defined as the presence of bacteria
without a host immune response.l2 Infection is
defined by local and systemic host responses
provoked by microorganisms.3 Colonization is
asymptomatic while shoulder infection may be
accompanied by symptoms related to the inflammatory
response.
It remains unclear whether the presence of Cutibacterium
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acnes in cultures of shoulder tissue or implants represents
infection or colonization. Current evidence suggests that C.
acnes is both a common contaminant of bacterial cultures
and also a commensal of the shoulder joint.#7 A review of
223 revision shoulder arthroplasties identified 137 with
culture of C. acnes and created a “Propi score” that
attempted to quantify the amount of bacterial growth, but
could not identify a threshold at which C. acnes might be
considered infection.® The Infectious Diseases Society of
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America (IDSA) recommends utilizing clinical signs (i.e,
presence of sinus tract or purulence around prosthesis),
laboratory results (i.e., histologic evidence of acute
inflammation or positive intraoperative bacterial culture),
and imaging findings (i.e, radiographic loosening) to
support a diagnosis of infection.? The Musculoskeletal

Infection Society (MSIS) and the International Consensus
Meeting (ICM) proposed pairing culture of organisms with
a sinus tract or at least 3 signs of an inflammatory
response.1%11 The current clinical practice guidelines from
the American Academy of Orthopaedic Surgeons (AAOS) for
PJI diagnosis do not distinguish colonization from
infection.!?

Rationale

Surgeons who ascribe ongoing pain and stiffness after
technically adequate shoulder arthroplasty to cultured
bacteria in the absence of a host response, might be
overdiagnosing and overtreating /prosthetic  joint
infection.’3-16  There is evidence that colonization
sometimes framed as “unexpected positive cultures” (UPC)
in the setting-of revision arthroplasty - does not benefit
from treatment and does not adversely impact recovery or
harm health.1718 [n one study, there was no difference in
mean Oxford Shoulder Score (OSS) and mean range of
shoulder motion " (ROM) two years after revision
arthroplasty in patients with negative cultures and those
with UPC (treated with up to 10 weeks of intravenous or
oral antibiotics alone).!” In another study, among people
diagnosed with shoulder PJI, a positive C. acnes culture was
associated with lower mortality when compared to other
organisms and aseptic revisions.1?

Study Questions

To better understand whether surgeons currently
distinguish infection from colonization, we conducted a
survey-based experiment of variables associated with
diagnosis of shoulder prosthesis infection and asked: 1)
What patient variables or surgeon variables are associated
with a diagnosis of shoulder PJI? 2) What is the interobserver
agreement of diagnosis of a shoulder PJI?

Materials and Methods
Study Design and Setting

This was a survey-based experiment. Ten clinical vignettes
were created with randomized aspects of hypothetical
patient presentation that could influence surgeon diagnosis
of shoulder PJI. We used SurveyMonkey (Palo Alto,
California, United States) to distribute a survey with the
clinical scenarios to surgeons of the Science of Variation
Group (SOVG). The SOVG is an international collaboration of
musculoskeletal surgeons who study the variation of
interpretation and classification of injuries. Approximately
200 surgeons in the SOVG participate in at least one survey
per year, and 107 surgeons responded to this survey. This
participation rate is similar to prior SOVG studies.20-22 we
ask people to participate only if they frequently perform the
procedure being addressed. We used randomization and
measured associations based on variation, which depends
on adequate variation in the sample, but not representative
rates. The specific rates of categorizations and estimations
may be unique to this sample, but the associations should be
reproducible in any similar experiment with comparable
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variation in opinions. Ninety-one percent of respondents
(97) were men. Forty-five percent (48) were practicing in
the United States. Seventy-nine percent (84) were
supervising trainees. Fifty percent (54) specialized in upper
extremity orthopedic surgery [Table 1].

Table 1. Characteristics of Surgeons Who Participated in This Study

Variables Value, n (%)
Total Participants 107
Gender
Male 97 (91%)
Female 10 (9%)
Location of Practice
United States 48 (45%)
Europe 36 (34%)
Other 23 (22%)
Years of practice
0- 5years 24 (23%)
6 - 10 years 23 (22%)
11 - 20 years 30 (28%)
21 - 30 years 29 (27%)
Subspecialty
Fracture surgeons 35 (33%)
Upper extremity 54 (50%)
General and other 18 (17%)
Supervising trainees 84 (79%)

Questionnaire

Participating surgeons were asked to determine whether a
clinical vignette represented an absence or presence of an
infected periprosthetic joint. The survey consisted of 10
different clinical vignettes with randomized variables
[Appendix A]. The variables included sinus tract
communication to the joint space (presence or absence),
positive cultures of an organism isolated from the tissue or
synovial fluid (presence or absence, with S. aureus, C. acnes,
and S. epidermidis each variably represented),
intraoperative  biopsy demonstrating inflammation
(presence or absence), lucency or loosening around the
glenoid or humeral components on shoulder radiographs
(presence or absence), elevation of D-dimer, C-reactive
protein (CRP), erythrocyte sedimentation rate (ESR)
(presence or absence), and aspirated joint fluid tests
(leukocyte esterase [LE], alpha-defensin, CRP, elevated
polymorphonuclear leukocytes [PMN]). At the end of the
vignette, each surgeon was asked to grade each hypothetical
case as infected or uninfected.

Statistical Analysis

Descriptive  statistics were performed on all
participants, and we reported numbers and percentages
for all discrete variables. Because each surgeon
completed ten cases, responses were correlated among
participants, and we performed multilevel modeling to
account for nesting (intercorrelation). To identify patient
variables associated with a diagnosis of shoulder PJI, a
multilevel mixed-effects logistic regression model was
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constructed, accounting for all randomized patient
variables. In addition, we sought to identify variables
associated with a diagnosis of shoulder PJI in a logistic
regression multivariable analysis. Backward elimination
was used based on the delta-Akaike Information Criterion
(delta-AIC), omitting all patient and surgeon variables
that did not improve model fit. Odds ratios (OR) were
reported with 95% confidence intervals (CI), and alpha
was set at 0.05. Interobserver agreement on diagnosis of
shoulder PJI was determined by comparing surgeon
responses to the survey-based scenarios. The
interobserver agreement was measured with Fleiss
kappa using a bootstrapping method to calculate the
standard error and 95% confidence interval
Interpretation of the Fleiss kappa was based on a well-
established system: slight agreement was defined by a
Fleiss kappa value between 0.01 and 0.20, fair agreement
between 0.21 and 0.40, moderate agreement between
0.61 and 0.80, and near perfect agreement for values
greater than 0.81.23

Results

Patient and surgeon variables associated with a
diagnosis of shoulder PJ1

Accounting for potential confounding variables using
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multivariable analysis, surgeon diagnosis of shoulder PJI was
independently .associated with deep tissue culture
demonstrating growth of C. acnes (OR =235 [95% CI 19 to
2933]; P < 0.01), Staphylococcus epidermidis (OR=147 [95%
CI 8.4 to 2564]; P<< 0.01), and Staphylococcus aureus
(OR=110 [95% CI 6.9 to 1755]; P < 0.01) much more so than
presence of a sinus tract on examination (OR=43 [95% CI 3.7
to 505]; P < 0.01), positive histological assessment (OR=15
[95% CI'4.0 to 58]; P <'0.01), positive synovial fluid markers
(OR=13 [95% CI 3.9 to 45]; P < 0.01), and elevated serum
markers (OR=5.8 [95% CI 2.0 to 17]; P < 0.01) [Table 2].
Surgeon diagnosis of shoulder PJI was not associated with
radiographic findings of lucency around the glenoid (OR = 2.5
[95% CI 0.96 to 6.3]; P = 0.062). In multivariable analysis,
there were no surgeon characteristics or demographics (i.e.,
gender, continent of practice, length of practice, supervising
status, or subspecialty) associated with the diagnosis of
shoulder PJI.

Interobserver Agreement
There was poor reliability of surgeon diagnosis of shoulder
PJI (Fleiss kappa = 0.013 [95% CI -0.0039 to 0.031]).23

Table 2. Mixed Multilevel Logistic Regression Analysis of Patient Factors Associated with the Likelihood of Surgeon Diagnosis of

Periprosthetic Joint Infection

Lucency around glenoid

No

Yes

Serum markers
Normal

Elevated

Synovial fluid markers
Negative

Positive

Histological assessment
Negative

Positive

Deep tissue culture

No positive culture

C. Acnes

S. Aureus

S. Epidermidis
Examination

Warmth and redness

Sinus tract

Reference value
2.5 (0.96 to 6.3)

Reference value
5.8(2.0to 17)

Reference value
13 (3.9 to 45)

Reference value
15 (4.0 to 58)

Reference value
235 (19 to 2933)
110 (6.9 to 1755)
147 (8.4 to 2564)

Reference value
43 (3.7 to 505)

0dds Ratio (95% Confidence Interval)

Standard Error P-value A Akaike

2.7
1.2 0.062

14
3.2 <0.01

28
8.3 <0.01

28
10 <0.01

76
301 <0.01
155 <0.01
214 <0.01

82
54 <0.01

Bold = statistically significant, P < 0.05

Discussion
Shoulder arthroplasty infection may be overdiagnosed and
overtreated by virtue of the lack of a consensus reference

standard for diagnosis contributing to inadequate distinction
of colonization and infection. In a survey-based experiment
among an international group of surgeons, we found that
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positive culture, especially that of C acnes, was
overemphasized in surgeon diagnosis of P]I relative to
evidence of a host response and agreement on infection was
poor. These findings emphasize the need for a reference
standard in PJI diagnosis that makes a clear distinction
between colonization and infection.

Limitations

One study limitation is that the majority of SOVG members
are largely men in academic medicine. It is likely that their
training and clinical practice patterns differ from that of the
orthopedic surgeon community as a whole, and the rates of
responses may not be representative. Because the
experiment depends on adequate variation in responses to
measure associations, the associations identified' in this
study should be reproducible in any sufficiently variable
sample. A more diverse surgeon study population is
desirable in many ways and all surgeons are encouraged to
join at:  https://www.surveymonkey.com/r/JQGLKFZ).
Repeating this study with a more diverse group would help
confirm the findings of this study. Second, participation in
these surveys is left to the discretion of surgeons to decide
whether they have the knowledge and experienceneeded to
address the subject matter. A few surgeons stretching their
field of expertise should not alter the results appreciably and
all musculoskeletal surgeons consider implant infection vs.
colonization. Third, online. survey experiments cannot
replicate the complexity of the interaction between a patient
and a surgeon. Nevertheless, this approach is able to identify
trends in thought and action when considering prosthetic
joint infection. Studies of the care of actual patients could
help confirm the findings.

Patient and surgeon variables are associated with a
diagnosis of shoulder PJ1

The finding that diagnosis of shoulder P]I is associated more
strongly with positive deep tissue culture than with signs of
a local host immune response (presence of a sinus tract,
positive histological assessment, positive synovial fluid
markers) or systemic immune response (elevated serum
markers) suggests that surgeons may overemphasize
positive cultures and may not adequately distinguish
colonization from infection. A positive culture could be a
contaminant (erroneous culture), colonization (accurate
culture, little or no host response), or infection (accurate
culture and harmful host response). A narrative review by
Patel et al. made the case that C. acnes cultures of tissue and
implants from revision shoulder arthroplasty cannot, in
isolation, confirm infection.z* Diagnosis of infection based on
intraoperative C. acnes culture without making the
distinction between colonization and infection is likely a
form of overdiagnosis and subsequent overtreatment. It has
been estimated that the rate of unexpected C. acnes from
intraoperative revision shoulder arthroplasty cultures is
between 24-50%, the rate of diagnosis of infection was only
5-25%, and the rate of host response-purulence or sepsis in
particular-is unclear but seemingly much lower than the rate
that infection is diagnosed.2425 This suggests that C. acnes is
either often or always a contaminant or a colonizer rather
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than the cause of an infection.?* As further evidence of
potential overdiagnosis, C. acnes is associated with lower
mortality when considered the causative organism of
shoulder PJI1.19.26

Interobserver agreement of diagnosis of a shoulder
periprosthetic infection

The finding that surgeons have poor agreement on the
diagnosis of PJI may be due, in part, to variation in distinction
between colonization and infection. Shoulder surgeons often
attribute greater pain intensity, greater magnitude of
incapability, and unexplained stiffness to potential infection
in' the absence of evidence of a local or systemic host
response.2”28 The limited reliability of diagnosis of infection
observed in this study suggests that nonspecific pain after
arthroplasty may be misattributed to colonization
contributing to misdiagnosis and overtreatment of
infection.?? Given the evidence that pain is a complex
biopsychosocial phenomenon, and that pain intensity
correlates more strongly to mindset variables than to
pathophysiology, perhaps pain is not a useful indicator of a
potential sign of a host response,3® and we might rely instead
on reproducible experimental evidence of a host response.

Conclusion

Our results suggest that surgeon diagnosis of shoulder PJI
is based more on positive culture than on evidence of a host
inflammatory response, and surgeons often disagree. This
suggests inadequate distinction of colonization and
infection, and the possibility of inappropriate use of pain as
asign of a hostresponse. When patients experience greater
pain intensity, incapability, and stiffness after arthroplasty,
atechnical or biomedical explanation is often sought. When
the examination and radiographs do not identify technical
deficiencies, infection may be considered even in the
absence of fever, abscess, or a sinus tract.3132 The concept
is that a low-grade infection could cause unexpected
discomfort, incapability, or stiffness.3? Varied, imprecise,
and unreliable diagnosis of infection exposes patients to
potential harms from overdiagnosis and overtreatment of
infection. The removal of a well-fixed shoulder prosthesis
is a destructive procedure that should be avoided if
possible.3 If colonization is adequately distinguished from
infection, and we might argue, if we err towards
colonization being a benign condition that cannot account
for discomfort and incapability, then our treatment
strategies might evolve to the benefit of patients.
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APPENDIX

Appendix A. Survey Algorithms Evaluating Surgeon Diagnosis of Shoulder Periprosthetic Joint Infection in Randomized Clinical Scenarios

Survey Algorithm Including External Evidence of Infection (40%)

A (55/75) year old (man/woman) visits your outpatient clinic for pain 1 year after total
shoulder arthroplasty.

l

The patient has limited active motion and pain with additional passive motion (50% yes / 50% no)

15% 85%

Presence of sinus tract with evidence of Warmth and redness over the joint
communication to the joint/prosthesis

| |
I

Serum markers of infection are elevated (50% yes / 50% no)

,

Synovial fluid markers of infection are positive (50% yes / 50% no)

'

Histological assessment of intra-operative biopsy positive (50% yes / 50% no)

25% 12.5% 12.5% 50%
2 positive cultures 2 positive cultures 2 positive cultures of There are no
of deep tissue of deep tissue deep tissue infected positive cultures
infected with C. infected with S. with S. Epidermidis of deep tissue
Acnes Aureus

'

Radiographs showing lucency or loosening around the glenoid or humeral components (50 % yes / 50% no)




(8)

THE ARCHIVES OF BONE AND JOINT SURGERY. ABJS.MUMS.AC.IR DIAGNOSING PERIPROSTHETIC INFECTION

Survey Algorithm Without External Evidence of Infection (60%)

A (55/75) year old (man/woman) visits your outpatient clinic for pain 1 year after total
shoulder arthroplasty.

i

The patient has limited active motion and pain with additional passive motion (50% yes / 50% no)

,

Serum markers of infection are elevated (50% yes / 50% no)

!

Synovial fluid markers of infection are positive (50% yes / 50% no)

'

Histological assessment of intra-operative biopsy positive (50% yes / 50% no)

25% 12.5% 12.5% | 50%
2 positive cultures 2 positive cultures 2 positive cultures of There are no
of deep tissue of deep tissue deep tissue infected positive cultures
infected with C. infected with S. with S. Epidermidis of deep tissue
Acnes Aureus

| | | |
!

Radiographs showing lucency or loosening around the glenoid or humeral components (50 % yes / 50% no)




