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Abstract

Background To summarize clinical presentations, baseline characteristics, diagnosis, treatment, and treatment
outcomes through a systematic review of cases of crystal-induced arthritis in prosthetic joints in the literature.

Methods A systematic review of case reports and case series was performed according to Preferred Reporting
[tems for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. A literature search was performed through
PubMed/MEDLINE, Google Scholar, Embase, Cumulative Index to Nursing & Allied Health, and Web of Science. We
identified case reports/case series in English of adult patients presenting with crystal-induced arthritis (gout, calcium
pyrophosphate deposition disease) in prosthetic joints. Articles that met the inclusion criteria were utilized for
qualitative data synthesis.

Results We found 44 cases of crystal-induced arthritis in prosthetic joints from 1984 to 2021. Crystal-induced arthritis
in periprosthetic joints most frequently affects patients who had knee arthroplasty and most often presents as
monoarticular arthritis that is usually acute in onset. However, several cases in the literature involved patients who
had bilateral knee replacements and presented with a concurrent flare of gout or calcium pyrophosphate deposition
disease in bilateral knees. Patients with crystal-induced arthritis in prosthetic joints show elevated white blood cell
counts with neutrophil predominance and respond favorably to anti-inflammatory treatments, usually within one
week. In many cases, crystal-induced arthritis was challenging to differentiate from prosthetic joint infection, with
approximately one-third of patients undergoing surgical intervention and 35% receiving antibiotic treatment.

Conclusion Crystal-induced arthritis in prosthetic joints can mimic prosthetic joint infections and should always
be considered in the differential diagnoses of joint pain in prosthetic joints. We present the first systematic review of
crystal-induced arthritis in prosthetic joints to increase awareness of the diagnosis and proper management.
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Introduction

Crystal-induced arthritis is characterized by joint inflam-
mation due to crystal deposition. The primary etiologies
of crystal-induced arthritis include gout and calcium
pyrophosphate deposition disease, which involve mono-
sodium urate (MSU) and calcium pyrophosphate
dihydrate (CPPD) crystal deposition, respectively. Crys-
tal-induced arthritis is common, with gout affecting
approximately 1-4% of adults worldwide and calcium
pyrophosphate deposition disease having an estimated
prevalence of 4-7% among adults in the United States
and Europe [1]. In contrast, crystal-induced arthritis in
prosthetic joints is poorly characterized, with only a few
case reports in the orthopedic literature [2].

Total arthroplasty, especially total hip and knee arthro-
plasty, is increasingly used in treating arthritis. The num-
ber of total hip and knee arthroplasties is anticipated
to increase significantly over the next few decades as
populations in advanced countries age. More patients
are undergoing joint arthroplasty at a younger age. With
the number of arthroplasties increasing and more adults
undergoing arthroplasty, research into one of the com-
mon causes of arthroplasty failure-periprosthetic joint
infection (PJI) [2] and conditions that may mimic PJI is
critical to improving the quality of care [3-5].

Infection control is crucial in managing PJI and there-
fore involves surgical intervention and antibiotic therapy
in most cases. In contrast, most reported cases of crystal-
induced arthritis in prosthetic joints have been managed
medically with agents like colchicine and nonsteroidal
anti-inflammatory drugs [6]. Consequently, unneces-
sary surgery could result from crystal-induced arthritis
presumed to be PJI. Therefore, this study aimed to sys-
tematically review the literature to characterize cases of
crystal-induced arthritis in prosthetic joints.

Methods

This systematic review was conducted following the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines [7, 8]. Before ini-
tiating the literature search, the study protocol was
registered with The International Prospective Register
of Systematic Reviews (PROSPERO), PROSPERO ID:
CRD42022362899. Specifically, MKH, an information
services and instruction librarian, was enlisted to con-
duct an extensive systematic search through PubMed/
MEDLINE, Google Scholar, Embase, Cumulative Index
to Nursing & Allied Health (CINAHL), and Web of Sci-
ence. The language was limited to English. The search
strategy (Appendix A) involved relevant keywords,
including gout, calcium pyrophosphate deposition dis-
ease, crystal-induced arthritis, prosthetic joint, and
patient population (adult patient). De-duplication and
screening of articles were undertaken using Covidence, a
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web-based collaboration software platform that stream-
lines the production of systematic and other literature
reviews [9]. Two authors (HS and JD) independently
screened all titles and abstracts obtained from the lit-
erature search from 1984 to 2021. The remaining articles
underwent a full-text assessment to determine eligibility
based on the inclusion criteria, including the article must
be written in English, it must be a case report or case
series, but not a review, the patient must be 18 years old
or more, and present with proven crystal-induced arthri-
tis of a prosthetic joint without another diagnosis (infec-
tion ruled out). Any disagreements between the two
reviewers were resolved with discussion or the involve-
ment of a third reviewer (SYL). A standardized data col-
lection form that followed the PRISMA and Cochrane
Collaboration guidelines for systematic reviews was used
to obtain information regarding the name of authors,
year of publication, country of origin, study character-
istics (symptoms. age, gender, comorbidities, the reason
for prosthetic joints, locations of affected joints, number
of affected joints, laboratory findings: serum WBC (white
blood cell) count, CRP (c-reactive protein), ESR (erythro-
cyte sedimentation rate), serum urate, means of diagno-
sis, synovial fluid analysis (synovial fluid WBC, synovial
fluid polymorphonuclear leukocytes (PMNs), type of
crystals), treatments, time course (time from prosthetic
surgery to onset of symptoms, time from onset to diag-
nosis, time from therapeutic initiation to symptomatic
resolution), and limitations. We calculated descriptive
statistics to summarize the clinical characteristics of the
included cases. We conducted analyses using JMP statis-
tical software, version 15.1 (SAS Institute Inc., Cary, NC).

Results

Figure 1 shows a PRISMA flow diagram summarizing
the identification, screening, eligibility, and inclusion
and exclusion processes of the studies involved. The ini-
tial MEDLINE, Embase, Web of Science, CINAHL, and
Google Scholar databases review yielded 405, 879, 381,
64, and three articles, respectively. We removed three
hundred thirty-nine duplicate studies. A total of 1393
articles were screened based on their relevance and type,
whereas 1341 were either review articles, editorials, or
focused on matters irrelevant to the research question
and were excluded from the study. We evaluated 55 arti-
cles for full-text review. Review articles or articles that
did not meet our inclusion criteria were excluded. As a
result, 36 articles, including 44 cases from case reports
and series, were included in the review) (Appendix B) [2,
10-43].

Table 1 presents the baseline demographics, diag-
nostic findings, chief clinical symptoms, indications for
prosthetic joints, and affected joints from the individual
cases (n=44). The median age of the included cases was
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Fig. 1 PRISMA flow diagram

71.0 years (interquartile range [IQR] 61.8-77.0) with-
out skewed deviation in terms of sex. History of gout
and CPPD was found in 44.8% (13/29) and 5.0% (1/20),
respectively. The median time from onset to diagno-
sis was three days (range 1-28 days) The most common
symptoms included joint pain (97.6%), joint swelling
(100%), and warmth (100%) of the affected joint. 47.5%
of patients had a fever. The most common indication
for prosthetic joints was osteoarthritis (59.1%, 26/44).
Approximately 90% of cases involved prosthetic knees,
followed by the hips and metatarsophalangeal joints. In
terms of initial presentation, 80% of patients were mono-
articular. Approximately 15.9% of cases involved two
prosthetic joints, most commonly the contralateral joint.
Of the cases involving two joints where the contralateral
joints were affected, 6 cases occurred in prosthetic knees
(the patient had bilateral knee replacement), and 1 case
occurred in contralateral prosthetic metatarsophalan-
geal joints (the patient had bilateral silicone interposition

arthroplasty). In contrast, two cases occurred in the con-
tralateral native joint.

Table 2 presents laboratory data and diagnostic find-
ings. According to the available data, the median serum
urate level was 8.9 mg/dl (IQR 8.1-10.4). Of 16 cases
that reported serum urate level only 2 cases had a uric
acid measurement of less than 6.0 mg/dl. Synovial fluid
analysis was remarkable for a median WBC count of
22.0x10%/uL (IQR 9.5-40.1). The median synovial fluid
polymorphonuclear neutrophil percentage was 90% (IQR
81.5-95.0). There was no skewed deviation regarding
monosodium urate and CPPD crystals, 56.8% and 45.5%
respectively. 68% of cases were diagnosed with arthro-
centesis. 7.3% were diagnosed directly with synovial
biopsy/synovectomy. 19.5% of patients were diagnosed
based on arthrocentesis, followed by synovial biopsy or
synovectomy. The median time from prosthetic surgery
to the onset of symptoms was 7.0 years (IQR 0.19-10.0).
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Table 1 Baseline characteristics of patients with gout or calcium
pyrophosphate deposition disease in prosthetic joints

Characteristic N (%) or
Median
(IQR)
Age (years) 710
(61.8-77.0)
Sex
Male 21/44(47.7)
Female 23/44 (52.3)
Pertinent Medical History
Gout 13/29 (44.8)
CPPD 1/20 (5.0)
Rheumatological disease 1/10 (10.0)
Diabetes mellitus 11/18(61.1)
Chronic kidney disease 10/18 (55.6)
Hypertension 14/19 (73.7)
Medication use
Allopurinol 8/14 (18.2)
Chief Symptoms
Fever 19/40 (47.5)
Joint pain 41/42 (97.6)
Joint swelling 37/37 (100)
Erythema 17/22(77.3)
Warmth of affected joints 23/23 (100)
Decreased range of motion 30/41(73.2)
Reason for Prosthetic Joints
Osteoarthritis 26/44 (59.1)
Unspecified 15/44 (34.1)
Others 3/44 (6.8)
Affected Prosthetic Joints
Knee (includes 6 cases of bilateral knee arthroplasty 41/44 (93.2)
involvement)
Hip 2/44 (4.5)
st MTP 1/44 (2.3)
Number of Affected Joints on Presentation
Monoarticular Prosthetic Joint 35/44 (79.5)
Bilateral-Contralateral Prosthetic Joints 7/44 (15.9)
Polyarticular Including Native Joints 2/44 (4.5)

Abbreviations CPPD, calcium pyrophosphate dihydrate crystal deposition
disease; MTP: metatarsophalangeal

* Prevalence here is defined as the number of cases reported the variable
divided by the number of the total cases

Table 3 presents treatments and outcomes. Colchicine,
Non-steroidal anti-inflammatory drugs (NSAIDs), and
oral/intraarticular steroids were most frequently used.
Approximately 35% of patients received antibiotics, and
29.5% underwent surgical intervention. It took a median
of 4.0 days (IQR 2.3-7.0) until the resolution of symptoms
from the initiation of treatment.

Discussion

In the present study, we thoroughly reviewed case reports
of crystal-induced arthritis in prosthetic joints. This is
the first systematic review of crystal-induced arthritis in
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Table 2 Laboratory findings and diagnostic patterns of patients
with gout or calcium pyrophosphate deposition disease in
prosthetic joints

Prevalence = Median (IQR)
(%) *
Laboratory Findings
Serum WBC (10%/uL) 27/44 (614) 124 (82-144)
ESR (mm/h) 24/44 (54.5) 67.0
(33.5-97.5)
CRP (mg/L) 29/44 (659)  59.0
(14.2-215.8)
Serum urate (mg/dL) 16/44 (36.4) 89 (8.1-104)
Synovial fluid WBC (10%/uL) 30/44 (682)  22.0(9.5-40.1)
Synovial fluid PMNs (%) 25/44 (56.8) 90.0
(81.5-95.0)
Type of Crystals
Monosodium urate 25/44 (56.8)
CPPD 20/44 (45.5)
Hydroxyapatite 1/44 (2.3)
Time from Prosthetic Surgery to Onset  44/44 (100) 7.0(0.19-10.0)
of Symptoms (years)
Time from Therapeutic Initiation to 31/44 (70.5) 3.0(1.0-6.0)

Symptomatic Resolution (days)

Means of Diagnosis
Arthrocentesis 30/41 (68.2)

3/41(7.3)

8/41 (19.5)

Synovial biopsy or synovectomy

Arthrocentesis, followed by synovial
biopsy or synovectomy

Abbreviations CPPD, calcium pyrophosphate dihydrate crystal deposition
disease; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; IQR,
interquartile range; PMN, polymorphonuclear; WBC, white blood cell

* Prevalence here is defined as the number of cases reported the variable
divided by the number of the total cases

Table 3 Treatment and outcomes of patients with gout or
calcium pyrophosphate deposition disease in prosthetic joints

N (%) or Median (IQR)
Treatment
Surgery 13/44 (29.5)
Systemic glucocorticoid 11/44 (25.0)
Intraarticular glucocorticoid 2/44 (4.5)
Colchicine 18/44 (40.9)
Antibiotics 15/43 (34.9)
NSAIDs 21/44 (47.7)
Allopurinol 8/44 (18.2)
Time from Therapeutic Initiation to 40 (2.3-7.0)
Symptomatic Resolution (days)
Death 0/44 (0)

Abbreviations NSAID; nonsteroidal anti-inflammatory drug

* Prevalence here is defined as the number of cases that reported the variable
divided by the number of the total cases

prosthetic joints to increase awareness of the diagnosis
and proper management and to clarify detailed clinical
presentations, treatments, and time course of symptoms.
Crystal-induced arthritis in periprosthetic joints is acute
in onset, most frequently affects the knee, and usually
presents as monoarticular arthritis. However, there were
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several cases in the literature where the patient had bilat-
eral knee replacements and presented with a flare of gout
or calcium pyrophosphate deposition disease in bilateral
knees. Patients with crystal-induced arthritis in pros-
thetic joints show elevated WBC count with neutrophil
predominance in synovial fluid and respond favorably to
anti-inflammatory treatments, including systemic gluco-
corticoids, colchicine, and NSAIDs, usually within one
week. It appears that crystal-induced arthritis in pros-
thetic joints shows almost similar synovial fluid findings
and treatment responses as native joint crystal-induced
arthritis. These findings make it challenging to differen-
tiate periprosthetic joint infection from crystal-induced
arthritis in prosthetic joints, especially on initial presen-
tation. Our study summarizes the clinical characteristics
of crystal-induced arthritis in periprosthetic joints, pro-
viding insight for the multidisciplinary team of internists,
rheumatologists, orthopedists, and infectious disease
physicians involved in patient care.

We found a total of 44 cases of crystal-induced arthri-
tis in prosthetic joints since 1984, when the first case of
gout following joint arthroplasty was reported [26]. In
contrast, CPPD following a major joint arthroplasty was
not reported until 2007 [44]. Crystal-induced arthritis in
prosthetic joints is an uncommon diagnosis, but it may be
under-reported [35]. Routine testing for crystals may not
be routinely performed at many centers when synovial
fluid is aspirated from prosthetic joints, and there is the
possibility that an inflammatory response from gout or
CPPD crystals may cause cases reported as culture-neg-
ative prosthetic joint infection. Because of this, there is a
paucity of studies and research on crystal-induced arthri-
tis in prosthetic joints. Almost all patients presented with
joint pain, swelling, and warmth in the affected joints,
while most also had erythema and decreased range of
motion. Only about half of patients had a fever. The onset
of symptoms to diagnosis was variable (1-28 days) with
a median of 3 days, compared to gout and acute CPP
crystal arthritis flares, which are typically acute in onset
(maximum pain noted within 24 h) [45, 46]. Over half of
the patients had elevated serum WBC count, ESR, and
CRP. Synovial WBC count was elevated with median
polymorphonuclear neutrophils of 90%. About one-third
of the patients underwent treatment for presumed PJI
with surgery and antibiotics. This result is consistent with
literature describing the difficulty distinguishing between
crystal-induced arthropathy and PJI presentations in
prosthetic joints [2, 12].

Prosthetic joint infection is a common and severe
postoperative complication that may be challenging to
differentiate from aseptic causes of inflammation, like
crystal-induced arthritis, as both may present similarly
with symptoms like acute joint pain, swelling, and ery-
thema [2, 45, 46].
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The challenge in clinical practice is that no single test
provides a definitive diagnosis of prosthetic joint infec-
tion. There is a significant overlap between findings found
in prosthetic joint infection and crystal-induced arthri-
tis in prosthetic joints [5]. In 2018, the Musculoskeletal
Infection Society and the Infectious Diseases Society
published criteria to standardize the diagnosis of pros-
thetic joint infection [47]. While the 2018 criteria have a
97.7% sensitivity and 99.5% specificity, many preopera-
tive minor criteria overlap with crystal-induced arthri-
tis, including elevated inflammatory markers, synovial
PMNs, and synovial white blood cell count. Besides spe-
cific signs such as sinus tract evidence of joint commu-
nication, many criteria were based on an intraoperative
diagnosis. Alpha-defensin testing was a minor criterion
in the 2018 International Consensus Meeting criteria for
PJI. Alpha-defensin is an antimicrobial peptide produced
by the innate immune system, and a positive alpha-defen-
sin test has been shown to have a sensitivity of 69-100%
and specificity of 94—98% for PJI [35, 48]. While promis-
ing, further research is necessary to assess the validity of
alpha-defensin testing in periprosthetic crystal-induced
arthropathy.

Prompt arthrocentesis and identification and verifica-
tion of synovial fluid are critical for diagnosis. Ideally,
for suspected PJI, arthrocentesis is performed in a ster-
ile environment in an operating theatre (by orthopedics)
or interventional radiology suite to prevent sample con-
tamination [49]. However, clinical decision-making is
even more complicated, considering that both conditions
may present concurrently in the same joint [3, 4], and a
missed PJI can have devastating consequences. Further
efforts are needed to help develop methods or systems
to reliably differentiate PJI and crystal-induced arthritis,
especially preoperatively, because treatment, prognosis,
and healthcare utilization differ significantly for both
conditions. Increased awareness is essential, with consid-
eration given to testing for crystals in synovial fluid sam-
ples obtained from prosthetic joints as recommended per
guidelines where septic prosthetic arthritis is suspected.
Only monosodium urate crystals and calcium pyrophos-
phate crystals can be identified on light microscopy,
while wet preparation with alizarin red stain is needed to
identify the presence of calcium hydroxyapatite crystals
[50].

A high clinical suspicion is needed to make an accu-
rate diagnosis. Crystalline arthritis flares can occur dur-
ing the treatment of trauma, as well as before and after
surgery [51]. In certain cases, crystalline arthritis flares
can be triggered by surgical procedures [52]. We found
that 44.8% of patients had a history of gout, while just 5%
reported a history of CPPD. As half of the patients had
no history of gout or CPPD, crystal-induced arthritis in
prosthetic joints should be suspected, even in patients
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not reporting a prior history of gout or calcium pyro-
phosphate deposition disease. Viriyavejkul et al. reported
that CPPD crystals were present in 52.9% of patients
who underwent knee arthroplasty in a case series of 102
patients [53]. However, almost all patients were unaware
of the presence of calcium crystals. Identifying chon-
drocalcinosis on prior radiographs, while not diagnos-
tic, may be helpful in the diagnosis. Further, we found
a wide range of time to presentation, from a few days
after surgery to decades after surgery, suggesting crystal-
induced arthritis should always be suspected in cases
with prosthetic joint pain regardless of the surgery date.
Close coordination of care with a multidisciplinary team,
including rheumatologists, infectious disease experts,
and orthopedic surgeons closely coordinating care, may
be optimal in management. Critical aspects of the appro-
priate management include promptly verifying synovial
fluid for the presence of crystals and assessing the prob-
ability of infection. Confirmation of a favorable response
to anti-inflammatory treatments (NSAIDs, colchicine,
and prednisone) is essential. In our review, most cases
were resolved within seven days of treatment. Ultimately,
the patient may undergo surgical intervention due to dif-
ficulty distinguishing PJI and crystal-induced arthritis. In
general, intraarticular corticosteroid injections into pros-
thetic joints are not recommended due to the increased
risk of prosthetic joint infections [54].

While the mechanism of crystal-induced arthritis
in prosthetic joints is not wholly understood, several
authors have provided several suggestions [6, 55]. Cal-
cium pyrophosphate deposition disease crystals are
manifestations of metabolic derangement that originate
from the cartilage. CPPD crystals deposit in the cartilage
leading to joint damage [6, 56, 57]. Implantation of pros-
thetic joints does not remove all of the cartilage in the
joint; therefore, CPPD crystals can still be formed from
the persistence of native cartilage (i.e., in the patella with
certain types of knee replacement procedures). Further-
more, cartilage can also be formed after joint replace-
ment surgery by cartilaginous metaplasia around the
prosthetic joint [6, 55]. Similarly, the pathophysiology
of a gout flare requires the presence of synovial tissue.
Synovial remnants may persist in the prosthetic joint.
Neosynovial tissue also may develop around the prosthe-
sis post-surgery [55]. When monosodium urate crystals
are deposited within the synovial tissue, this leads to a
gout flare.

Although both time from symptom onset to diagnosis
and symptom resolution following appropriate therapy
was relatively quick, this delay in diagnosis and treat-
ment adds unnecessary days of hospitalization and,
thus, unnecessary costs to both the patient and the hos-
pital. While research into effectively identifying crystal-
induced arthritis is needed, consideration should be given
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to optimizing the situation for patients who undergo
arthroplasty. Data from the United States National Inpa-
tient Sample 1998-2014 found that gout was indepen-
dently associated with an 18% increased risk of discharge
to a non-home setting. Gout was also found to increase
the length of stay by 8% [58]. Further research is needed
to determine if better gout management can reduce
the increased healthcare utilization of gout in patients
undergoing arthroplasty. Notably, in our study, only very
few patients with gout had urate lowering therapy. Opti-
mizing urate control may be beneficial in reducing the
risk of gout after arthroplasty; however future research is
needed. Of interest, Harato and Yoshida reported the use
of prophylactic NSAIDs in a patient with a high risk of
flare [25]. Further studies are needed to clarify the util-
ity of prophylactic treatment and determine patients at
increased risk of developing crystal-induced arthropathy
in prosthetic joints. Some authors have noted the pos-
sibility of a more aggressive synovectomy during joint
replacement for high-risk patients [59]. However, this
remains to be investigated further because synovectomy
does not produce improved pain or range of motion out-
comes and is associated with increased blood loss and
operative time [59].

Strengths of this study include a comprehensive sys-
tematic review of all cases reported in the literature of
crystal-induced cases in prosthetic joints, involving an
experienced librarian, and a multidisplinary team of
board certified rheumatologists and orthopedics sur-
geons following PRISMA guidelines. It provides insight
into an understudied area where further research is
needed because of the increasing number of joint arthro-
plasties used to treat arthritis as the population ages from
a rheumatology perspective, where the literature has
been mainly reported in the orthopedic literature. Sev-
eral limitations of this study should also be discussed.
There were no laboratory results or joint x-rays before
prosthetic joint replacement in certain articles, and we
could not contact authors to obtain data not mentioned
in the literature. Secondly, we did not include review arti-
cles, conference abstracts, or preprints, leading to uncer-
tainty in the evidence level discussed.

In conclusion, crystal-induced arthritis in prosthetic
joints is a rare condition that presents similarly to PJI.
This uncertain clinical picture often leads to unneces-
sary treatment such as antibiotics and surgery, exposing
the patient to the risks involved with those treatments
without any benefits. Thus, we present the first system-
atic review of crystal-induced arthritis in prosthetic
joints to increase awareness of the diagnosis and proper
management. Crystal-induced arthritis should always be
considered in the differential diagnosis of joint pain in
prosthetic joints. Prompt diagnosis and treatment with
typical crystal-induced arthritis medications should



Sawada et al. BMC Rheumatology (2024) 8:43

result in rapid resolution of symptoms and, thus, prevent
unnecessary treatment and increased length of hospital
stay.

Abbreviations

MSU Monosodium urate

CpPP Calcium pyrophosphate

CPPD Calcium pyrophosphate dihydrate

PJI Periprosthetic joint infection

PRISMA  Preferred Reporting Items for Systematic Reviews and

Meta-Analyses

CINAHL  Cumulative Index to Nursing & Allied Health
WBC White Blood Cell

CRP C-reactive protein

ESR Erythrocyte sedimentation rate

PMNs Polymorphonuclear leukocytes

IQR Interquartile range

NSAIDs Non-steroidal anti-inflammatory drugs

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/541927-024-00411-9.

Supplementary Material 1

Supplementary Material 2

Acknowledgements
None.

Author contributions

HS- study design, data collection, interpretation of data, drafting, and revising
the manuscript. JD - data collection, interpretation of data, drafting, and
revising the manuscript. BS - study design, data collection, interpretation of
data, drafting, and revising the manuscript. LT - data collection, interpretation
of data, drafting, and revising the manuscript. YN - interpretation of data,
drafting, and revising the manuscript. MK - study design, data collection. CN
- study design, data collection, interpretation of data, drafting, and revising
the manuscript. SYL - study design, data collection, interpretation of data,
drafting, and revising the manuscript. All authors read and approved the final
manuscript.

Funding
None.

Data availability
The data presented in this study are available on request from the
corresponding author.

Declarations

Ethics approval and consent to participate
Non applicable.

Consent for publication
Non applicable.

Competing interests
The authors declare no competing interests.

Author details

'Department of Medicine, John A. Burns School of Medicine, University of
Hawai'i, Honolulu, HI, USA

’Department of Medicine, Scripps Mercy Hospital San Diego, San Diego,
CA, USA

*Department of Internal Medicine, Mayo Clinic, Rochester, MN, USA

4John A. Burns School of Medicine, University of Hawai'i, Honolulu, HI,
USA

Page 7 of 8

°Department of General Medicine, Dentistry and Pharmaceutical
Sciences, Okayama University Graduate School of Medicine, Okayama,
Japan

SHawaii Pacific Health Medical Group, Hawaii Pacific Health, Honolulu, HI,
USA

’Division of Hematology and Oncology, Mayo Clinic, Rochester, MN, USA
®Bone and Joint Center, Pali Momi Medical Center, 98-1079 Moanalua
Road, Suite 300, Aiea 96701, HI, USA

Received: 1 April 2024 / Accepted: 28 August 2024
Published online: 14 September 2024

References

1. Rosenthal AK, Ryan LM. Calcium pyrophosphate deposition disease. N Engl J
Med. 2016;374:2575-84.

2. Green AM, Gemayel A, Silberg E. Crystalline-Induced Arthropathy following
total knee replacement. Cureus. 2021;13:e17619.

3. Mirza SZ, Richardson SS, Kahlenberg CA, et al. Diagnosing Prosthetic Joint
Infections in patients with inflammatory arthritis: a systematic literature
review. J Arthroplasty. 2019;34:1032-6. e2.

4. Prior-Espanol A, Garcia-Mira Y, Minguez S, Martinez-Morillo M, Gifre L, Mateo
L. Coexistence of septic and crystal-induced arthritis: a diagnostic challenge.
Areport of 25 cases. Reumatol Clin (Engl Ed). 2019;15:e81-5.

5. Tande AJ, Osmon DR, Greenwood-Quaintance KE, Mabry TM, Hanssen AD,
Patel R. Clinical characteristics and outcomes of prosthetic joint infection
caused by small colony variant staphylococci. mBio. 2014;5:01910-14.

6. Yahia SA, ZellerV, Desplaces N, et al. Crystal-induced arthritis after arthro-
plasty: 7 cases. Joint Bone Spine. 2016;83:559-62.

7. Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 statement: an
updated guideline for reporting systematic reviews. BMJ. 2021;,372:n71.

8. Page MJ, Moher D, Bossuyt PM, et al. PRISMA 2020 explanation and elabora-
tion: updated guidance and exemplars for reporting systematic reviews. BMJ.
2021;372:n160.

9. Veritas Health Innovation. Covidence systematic review software. Melbourne,
Australia: www.covidence.org.

10.  Archibeck MJ, Rosenberg AG, Sheinkop MB, Berger RA, Jacobs JJ. Gout-
induced arthropathy after total knee arthroplasty: a report of two cases. Clin
Orthop Relat Res 2001:377-82.

1. Argyropoulos M, lyengar KP, Suraliwala KH. First Presentation of Acute Pseu-
dogout following total knee replacement. J Orthop Case Rep. 2018,8:32-4.

12. Berger JS, Weinik MM. Acute gouty arthropathy mimicking infection after
total knee arthroplasty. PM R. 2009;1:284-6.

13. Beutler AM, Epstein AL, Policastro D. Acute gouty arthritis involving a pros-
thetic knee joint. J Clin Rheumatol. 2000;6:291-3.

14.  Blyth P, Pai VS. Recurrence of gout after total knee arthroplasty. J Arthroplasty.
1999;14:380-2.

15. Brinkman JC, McQuivey KS, Makovicka JL, Bingham JS. Crystal Arthropathy in
the setting of total knee arthroplasty. Case Rep Orthop. 2020,2020:7613627.

16. Carter JL, Endres NK, Halsey DA. Bilateral Acute Calcium Pyrophosphate Crys-
tal Arthritis after bilateral total knee arthroplasty: a Case Report. JBJS Case
Connect. 2012;2:e59.

17. ChenF, Glezos C, Blum Y, Hossack M, Schwechter EM. Nonsurgical treatment
of aseptic periprosthetic gout flare of the knee: a report of 2 cases. JBJS Case
Connect. 2016;6:€93.

18.  Chernoff DJ, Barker JB, Wingerter SA, Shriwise TL. Gout after total knee arthro-
plasty. Arthroplast Today. 2020;6:278-82.

19.  Crawford L, Kumar A, Shepard GJ. Gouty synovitis after total knee arthro-
plasty: a case report. J Orthop Surg (Hong Kong). 2007;15:384-5.

20. Escriva-Fornes M, Gonzalez-Puig L, Roman-Ivorra JA, Ivorra-Cortes J. Pseudo-
gout in a patient with bilateral total knee prosthesis: a challenging diagnosis.
Joint Bone Spine. 2016;83:463—4.

21. Fokter SK, Repse-Fokter A. Acute gouty arthritis in a patient after total knee
arthroplasty. Wien Klin Wochenschr. 2010;122:366-7.

22.  Forlizzi JM, Ryan JM, Galow KE, Shang AC, Polakoff DR. Acute pseudogout
presenting as an exception to Musculoskeletal Infection Society criteria in
total knee arthroplasty: a case report. AME Case Rep. 2020;4:21.

23.  Griger DR, Carpenter MT, Grady EP. Crystal-proven gout in a prosthetic knee
joint. J Clin Rheumatol. 1996;2:365.


https://doi.org/10.1186/s41927-024-00411-9
https://doi.org/10.1186/s41927-024-00411-9

Sawada et al. BMC Rheumatology

24,

25.
26.
27.
28.
29.
30.
31.

32.

33.

34.

35.

36.

37.

38.
39.
40.
41.
42.
43.

44,

(2024) 8:43

Hahnel J, Ramaswamy R, Grainger A, Stone M. Gout arthropathy following
hip arthroplasty: a need for routine aspiration microscopy? A review of the
literature and case report. Geriatr Orthop Surg Rehabil. 2010;1:36-7.

Harato K, Yoshida H. Pseudogout in the early postoperative period after total
knee arthroplasty. J Arthroplasty. 2013;28:23749-11.

Healey JH, Dines D, Hershon S. Painful synovitis secondary to gout in the area
of a prosthetic hip joint. A case report. J Bone Joint Surg Am. 1984,66:610-1.
Hirose CB, Wright RW. Calcium pyrophosphate dihydrate deposition disease
(pseudogout) after total knee arthroplasty. J Arthroplasty. 2007;22:273-6.
Holt G, Vass C, Kumar CS. Acute crystal arthritis mimicking infection after total
knee arthroplasty. BMJ. 2005;331:1322-3.

Hunte TC, Bernstein HM, Dickinson GM. Acute crystalline arthritis in an artifi-
cial knee. J Clin Rheumatol. 2012;18:203-4.

Koyama K, Ohba T, Sato H, Haro H. Pseudogout mimicking infection following
total knee arthroplasty: a report of two cases. JBJS Case Connect. 2012,2:e3.
Levi GS, Sadr K, Scuderi GR. Bilateral pseudogout 8 years after bilateral total
knee arthroplasty. Orthop Clin North Am. 2012;43:e59-62.

Moon HS, Yoo JH, Park SH, Jung SH, Choi CH. Acute gout attack imme-
diately after total knee arthroplasty: a Case Report. JBJS Case Connect.
2020;10:20062.

Mulay S, Power RA. Initial presentation of gout at the site of silicone interposi-
tional arthroplasty. Foot Ankle Surg. 2002;8:285-7.

Partridge DG, Gordon A, Townsend R. False-positive synovial fluid alpha-
defensin test in a patient with acute gout affecting a prosthetic knee. Eur J
Orthop Surg Traumatol. 2017,27:549-51.

Phillips DS, Workman KK, Kelly M. Nonoperative treatment of a periprosthetic
gout flare in the setting of a positive alpha-defensin result. Arthroplast Today.
2021,9:65-7.

Salin JW, Lombardi AV Jr, Berend KR, Chonko DJ. Acute gouty arthropathy
after total knee arthroplasty. Am J Orthop (Belle Mead NJ). 2008;37:420-2.
Sato R, Nakano S, Takasago T, et al. Chondrogenesis in the synovial tissue

is associated with the onset of pseudogout after total knee arthroplasty.
Arthroplast Today. 2016;2:101-4.

Soloway S, Tucker BS. Calcium pyrophosphate Dihydrate Deposition Disease
in a knee with total joint replacement. J Clin Rheumatol. 2016;22:277.
Soloway S.Tophaceous gout in a knee with total joint replacement. J Clin
Rheumatol. 2011;17:48.

Sonsale PD, Philipson MR. Pseudogout after total knee arthroplasty. J Arthro-
plasty. 2007,22:271-2.

Swayamprakasam AP, Taqvi S, Hossain S. A case of mistaken identity: pseudo-
gout in a prosthetic knee. Br J Hosp Med (Lond). 2013;74:54-5.

Williamson SC, Roger DJ, Petrera P, Glockner F. Acute gouty arthropathy after
total knee arthroplasty. A case report. J Bone Joint Surg Am. 1994;76:126-8.
Zadaka A, Gioe T, Gertner E. Acute crystal-induced arthritis following arthro-
plasty. J Knee Surg. 2010;23:17-20.

Hirose W, Uchiyama T, Nemoto A, et al. Diagnostic performance of measuring
antibodies to the glycopeptidolipid core antigen specific to Mycobacterium
avium complex in patients with rheumatoid arthritis: results from a cross-
sectional observational study. Arthritis Res Therapy. 2015;17:273.

46.

47.

48.

49.

5T

52.

53.

54.

55.

56.

57.

58.

59.

Page 8 of 8

Abhishek A, Tedeschi SK, Pascart T, et al. The 2023 ACR/EULAR classification
Criteria for Calcium Pyrophosphate Deposition Disease. Arthritis Rheumatol.
2023;75:1703-13.

Neogi T, Jansen TL, Dalbeth N, et al. 2015 gout classification criteria: an
American College of Rheumatology/European League against Rheumatism
collaborative initiative. Ann Rheum Dis. 2015;74:1789-98.

Kim SJ, Cho YJ. Current Guideline for diagnosis of Periprosthetic Joint Infec-
tion: a review article. Hip Pelvis. 2021,33:11-7.

Peel T, Patel R. Prosthetic joint infection: diagnosis update. In: Peel T, editor.
Prosthetic joint infections. Cham: Springer International Publishing; 2018. pp.
55-135.

Sharoff L, Bowditch M, Morgan-Jones R. Management of septic arthritis and
prosthetic joint infection. Br J Hosp Med (Lond). 2024;85:1-9.

Forster CJ, Oglesby RJ, Szkutnik AJ, Roberts JR. Positive alizarin red clumps in
Milwaukee shoulder syndrome. J Rhuematol. 2009;36:2853.

Kobayashi H, Akizuki S, Takizawa T, Yasukawa Y, Kitahara J. Three cases of
pseudogout complicated with unicondylar knee arthroplasty. Arch Orthop
Trauma Surg. 2002;122:469-71.

Wang H, Yan C, Wu Q et al. Acute gout attacks during the perioperative
period and risk factors of recurrence after orthopedic surgery among
untreated gout patients. J Orthop Surg Res. 2023;18:61.

Viriyavejkul P, Wilairatana V, Tanavalee A, Jaovisidha K. Comparison of char-
acteristics of patients with and without calcium pyrophosphate dihydrate
crystal deposition disease who underwent total knee replacement surgery
for osteoarthritis. Osteoarthritis Cartilage. 2007;15:232-5.

Durst CR, Rezzadeh KT, Than JP, Rajaee SS, Spitzer Al. Intra-articular corticoste-
roid injections into a preexisting total knee arthroplasty are Associated with
increased risk of Periprosthetic Joint Infection and revision. Arthroplast Today.
2023;24:101237.

Revell PA. Tissue reactions to joint prostheses and the products of wear and
corrosion. Curr Top Pathol. 1982;71:73-101.

Pascart T, Filippou G, Liote F, Sirotti S, Jauffret C, Abhishek A. Calcium pyro-
phosphate deposition disease. Lancet Rheumatol 2024.

Pritzker KPH. Chapter 1 - articular Pathology of gout, Calcium Pyrophosphate
Dihydrate and Basic Calcium Phosphate Crystal Deposition Arthropathies.
In: Terkeltaub R, editor. Gout & other Crystal arthropathies. Philadelphia: W.B.
Saunders; 2012. pp. 2-19.

Singh JA, Cleveland JD. Gout is associated with increased healthcare utiliza-
tion after knee arthroplasty. Ann Rheum Dis. 2019;78:1146-8.

Bradley AT, King CA, Lin'Y, Sculco P, Balach T, Landy DC. Distinguishing Peri-
prosthetic Crystalline Arthropathy from infection in total knee arthroplasty: a
systematic review. J Knee Surg. 2022,35:668-75.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Crystal-induced arthritis in prosthetic joints: a systematic review of clinical features, diagnosis, management, and outcomes
	﻿Abstract
	﻿Introduction﻿﻿﻿﻿
	﻿Methods
	﻿Results
	﻿Discussion
	﻿References


