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Abstract

Dietvorst*

Current literature occasionally considers septic arthritis in native joints and prosthetic joint infections as equal pathol-
ogies. However, significant differences can be identified. The aim of this review of literature is to describe these differences
in definitions, pathology, diagnostic workups, treatment strategies, and prognosis.
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Background

It can be challenging to establish the diagnosis of septic
arthritis (SA) in native joints or periprosthetic joint infec-
tions (PJIs)."* Delayed or inadequate treatment can result
in life-threatening septicemia'~® as well as loss of joint
function and quality of life.*”

Although there are similarities between SA and PlJIs,
there are also important differences that subsequently lead
to different treatment modalities for both pathologies.>* !>
Occasionally, there are still studies that appear to consider,
evaluate, and treat SA and PJIs as equal pathologies,'*
which is incorrect and could possibly have harmful reper-
cussions.!”!® Therefore, the aims of this review are to
describe both the similarities and the differences between
SA and PJI and to elaborate on the clinical implications of
these differences.

Incidence and definitions

SA is a serious infection of the joint.'** The incidence of SA
varies from 6 to 10 cases per 100,000 individuals per

year.'>?* SA is generally monoarticular but can also occur
polyarticular.! The knee is affected more often compared to
other joints.'>?! Peak incidences are in children under
3 years and adults over 55 years of age.'”*® Polyarticular
disease occurs in approximately 10—20% of the patients.’
PJIs are one of the most serious complications in total
joint arthroplasties and are an increasing problem.>*>*
The incidence of PJIs is rising and currently varies from
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Table I. Criteria for the diagnosis PJls and native SA.

Diagnosis of PJI*?
Threshold
ajor criteria inor criteria cute ronic Score onclusion iagnosis o ”
Major criteri Mi iteri A Chronic S Conclusi Diagnosis of SA>**
Two positive Serum CRP (mg/L) or >100 >10 2 A. positive synovial
periprosthetic D-dimer (uL) Unknown >860 fluid cultures
cultures with
identical Elevated ESR (mm/h) No role >30 I B. positive blood
i It ith
organisms Elevated synovial WBC (cells/uL) >10,000 >3,000 3  Combined preoperative Et_g:t?\e/: :;Inovial
A sinus tract Ior K and pf)stoperatlve fluid cultures
communicating eukocyte esterase ++ ++ >6s'c.ot;e. )
with the or . . = |.n ecte . C. negative cultures
. positive alpha-defensin 1.0 1.0 3-5: inconclusive .
prosthetic joint - ) due to previous use
(signal/cutoff) <3: not infected of antibiotics. but
Elevated synovial PMN (%) >90 >70 2 with purulent
drainage of the joint
Single positive culture 2
D. definite radiological
Positive histology 3 or postmortem can
confirm the diagnosis
Positive intraoperative purulence 3 of septic arthritis

CRP: C-reactive protein; ESR: erythrocyte sedimentation rate; PMN: polymorphonuclear; WBC: white blood cell; SA: septic arthritis; PJI: periprosthetic

joint infection.
?For a positive diagnosis: | major criterion or scoring minor criteria.
®For a positive diagnosis: | criterion.

1% to 3% for primary hip and knee arthroplasties®> ** and

up to 5.6% in revision cases.>*>*® The majority of patients
with PJIs are over 65 years old.'>** Although bilateral PJIs
have been described in case reports, the incidence of
polyarticular PJIs is unknown.?**

Underlying joint diseases, such as rheumatoid arthritis
and other forms of inflammatory arthropathies, are predis-
posing factors for developing both SA and PJIs.'*28:3132
Patients receiving immunosuppressive therapy, such as
classic disease modifying antirheumatic drugs, anti-
Tumor-Necrosis-Factor (TNF) therapy, or intra-articular
corticosteroid injections, are also at higher risk of both SA
and PJI.'?"-** Other risk factors are alcoholic and intravenous
drug abuse, cutaneous ulcers, and diseases such as diabetes,
leukemia, cirrhosis, granulomatous diseases, cancer, and
hypogammaglobulinemia.'**'* Additional risk factors for
PJIs are obesity, malnutrition, and smoking.6’26’28’3 133 These
factors have not been assessed for patients with SA but are
likely to be risk factors for SA as well.

The definition of having either SA or PJI is linked to
diagnostic criteria. Considering the similarities in diag-
nostic workup possibilities for both joint conditions, large
differences between described criteria can be found
(Table 1).

In 1976, Newman>* defined that in adults, SA is present
if one of the four criteria in a patient with an inflammatory
joint is found (Table 1). Four decades later, those criteria
are still being used.***>>® A major issue is that SA can be

present without meeting the criteria, as described by New-
man et al.>!33*3537 Even with additional available tests,
diagnosis can still be delayed or missed.'**® Furthermore,
SA is always an acute medical emergency, but if it remains
untreated for a long time and the patient survives the infec-
tion, it becomes a chronic infection.*® The definition of
“chronic” remains unclear within current literature. Cases
of chronic SA are rare and seem related to microorganisms
causing subacute infections like Mycobacteria, Borrelia
burgdorferi, and fungus.***?

An updated definition, with clear criteria for SA, was
not found within recent literature and might be a valuable
addition to current daily practice.

The definition of PJIs dates from recent International
Consensus Meeting documents.> A PJI is present with
either one major criterion or by scoring the presence of
minor criteria, as presented in Table 1. Similar to SA, PJIs
can be missed despite the available tests and the updated
definition, particularly in cases with less virulent organ-
isms.” PJIs can be divided into acute and chronic PJIs.'"**
Acute PJls are early postoperative surgical site infections
or acute hematogenous PJIs.** Acute hematogenous PJIs
occur with a sudden onset of inflammatory joint pain in a
previously symptom-free prosthetic joint as a result of bac-
teremia.”?"**4**> Acute PJIs can become chronic. Divid-
ing SA into acute and chronic depends on the time frame in
the existence of the infection. In PJIs, this is based on
biofilm formation.
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Pathology

The synovial membrane in joints is a well-vascularized
structure with no limiting basement plate.'*'* The lack
of a natural barrier allows easy access for bacteria.'*'?
Once bacteria reach the joint space, the low fluid shear
conditions allow bacteria to settle and to cause an infec-
tion. In addition, matrix proteins produced by the host
may promote progression of the infection.*® Coloniza-
tion of the synovial fluid occurs and bacteria rapidly
proliferate, generating an acute inflammatory
response.®’” The host starts producing inflammatory
cytokines, such as interleukin 1b (IL-1b) and IL-6,
which promote opsonization and activation of the com-
plement system.47 When the host is immunocompetent,
a protective inflammatory response is invoked and
pathogens are eliminated by macrophages, synovio-
cytes, and polymorphonuclear (PMN) cells. If the
immune system fails, SA has occurred. If SA is not
ceased, progression of the infection generates joint effu-
sion that increases intra-articular pressure, which pre-
vents nutrients from reaching and supplying the
joint."'*%¢ This may result in the destruction of the
synovium and cartilage." In PJIs, the original joint sur-
faces have been replaced but soft tissue and bone dam-
age occurs.*® In both SA and PJIs, the most common
microorganism is Staphylococcus aureus."*® The second
common microorganism is Staphylococcus epidermidis in
PJIs and Streptococci in SA.'*

An important aspect of PJIs and a considerable dif-
ference with SA is biofilm formation. This process starts
after bacteria and/or fungal penetrate the synovial
membrane and attach to the prosthetic material.**->°
A biofilm is a biologically active matrix of cells and
extracellular substances.*®>' These substances are
released by bacterial or fungal cells and consist of extra-
cellular polysaccharides that form an insoluble and
slimy secretion on the prosthetic surface.*®>! This slimy
layer encapsulates the involved microorganisms and
offers them three important advantages. First, due to the
composition of charged polysaccharide groups, the layer
can bind vital nutrients that are required for bacterial
metabolism. Secondly, the layer can assist in dissemina-
tion of nutrients that are necessary for the growth of the
invasive cells. Third, cells that are encapsulated are well
protected from their external environments like host
immune systems and antibiotics.*®>! The process of bio-
film formation starts within seconds after contamination.
Time to maturation depends on several factors such as
microorganism species and localhost and environmental
factors.*>>® During the early stages of formation, bio-
films can be less stable and are therefore more suscep-
tible to antibiotics and host defenses.?’~*° Until a mature
biofilm has been formed, a PJI can be categorized as an
acute PJL.** PJIs with mature biofilms, the chronic PJls,
are difficult to treat,'*#4->0-1

Diagnosis and workup

Patients representing with a short history of a hot, swollen,
and tender joint, with restriction of movement and/or the
inability to bear weight should be suspected of SA or an
acute (hematogenous) PJI.%>->2844

Laboratory tests may demonstrate elevated C-reactive
protein (CRP), serum leukocyte cell count, and erythrocyte
sedimentation rate (ESR).>>"!' Blood cultures were taken
and synovial fluid was tested for bacteria, white blood cell
(WBC) count, and percentage of PMN leukocytes.>>!!
Threshold values to support the diagnosis of infection are
presented in Tables 1 and 2.%>'3'83253 However, values
for SA are still under debate.*'**'84°-3%53 Baran et al.> and
Carpenter et al.'® demonstrated that elevated WBC and
PMN levels are highly associated with SA. Synovial fluid
analyses are not included in the definition for SA, as
opposed to PJI, but they could be a valuable addi-
tion,'8:45:33:54 Radiographs should be analyzed for perios-
teal reaction, osteolysis, and bony resorption without
implant wear or the absence of it can have clinical conse-
quences for the diagnostic pathways and treatment.>>>

For other ways of radiographic imaging, there might be
a small role in both pathologies, however for PJls, this is
highly debated.'>**"*> Ultrasound can be used to identify
the presence of significant local joint effusion and
ultrasound-guided aspiration.***> CT scans and MRIs are
not the optimal diagnostic tool for patients with joint pros-
thesis. The presence of metallic implants causes beam hard-
ening and dephasing artifacts. However, CT and MRI could
be useful in detecting soft tissue abnormalities, such as
joint effusion, sinus tracts, soft tissue abscesses, and bone
erosions.?? For SA, these principles can be considered the
same way, and CT scans and MRIs could be used to eval-
uate soft tissue involvement as well as bone erosions and
osteomyelitis.' >’

Early postoperative PJIs often, but not always, pres-
ent with local signs of cellulitis, erythema, swelling,
pain, wound discharge/drainage, and delayed wound
healing.>''** Systemic symptoms such as fever and
chills may also be present.'’

Chronic PJIs typically present with slowly increasing
pain and deterioration of joint function without systemic
symptoms.'' Although any painful prosthesis may repre-
sent a PJI, the absence of an obvious mechanical reason for
a painful prosthesis in the first few years following implan-
tation, a history of wound healing problems, or superficial
or deep infection should also raise the suspicion of PJI."!

Repeated joint aspiration or intra-articular biopsies may
be required when clinical suspicion for PJIs is high in the
absence of major criteria.>****® For intra-articular biopsies,
it is recommended to collect three to six periprosthetic
tissue samples.*> To optimize the identification of micro-
organism following the removal of prosthesis, sonication
could be used.”” Sonication is the use of low-intensity ultra-
sound for the disintegration of biofilm on removed
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Table 2. Important differences between native SA and Pls.

SA PJI
Incidence (%) 0.006-0.010'%2° |-325-28
Polyarticular (%) 10-20" Unknown
Common age (year) <3 and >55'?2° >65'924
Increasing in incidence Unknown Yes?+2¢
Acute vs. chronic based on Time frame Biofilm maturation**

Blood cultures
infections'
Not evaluated
Not evaluated

D-dimer as diagnostic marker
Alpha-defensin as diagnostic marker
Diagnostic cutoff values

Synovial PMN cutoff value (%) <80-90°

Synovical WBC cutoff value (cells/pl) <17,500-50,000°

I. Staphylococcus aureus'
2. Streptococci'

Most common microorganisms

Recommended (surgical) treatment

Common duration antibiotic therapy
Adult: 6 weeks®?’

50-70% positive in nongonococcal

Needle lavage®*’ or arthroscopic
or open arthrotomy lavage®~’

Pediatric: 10 days to 4 weeks®®

Mostly negative?®

Yes*?
Yes?

Acute < 90?

Chronic < 702

Acute < 10,000

Chronic < 3000

I.S. aureus*®

2. Staphylococcus epidermidis*®

Open surgical debridement, with changing the loose
components of the prosthesis'®** or implant removal
and one- or two-stage reimplantation'®**

Pediatric: not applicable

Adult: up to 3 months™'®"!

PMN: polymorphonuclear; WBC: white blood cell count; SA: septic arthritis; PJl: periprosthetic joint infection.

?Only for suspicion of chronic PJls.

®These values are debated in the literature.®'3'85253

implants, and it has been shown to possibly increase the
chance of identifying causative microorganisms in the
obtained cultures.’®®° However, currently, there is insuffi-
cient data to support the routine use of sonication and future
studies for this method are recommended.”’

In the light of the aforementioned similarities of avail-
able clinical diagnostics, it is remarkable to establish that
currently positive synovial cultures and purulence are the
only common criteria for both types of infection. In former
consensus documents about PJIs, purulence was deleted
from the definition, but the new consensus has adopted it
as a minor criterium again.>***> An objective definition for
purulence is still absent and, therefore, the subjective
nature of the assessment seems prone for interobserver
unreliability.>***° Besides, purulence can also be found
in noninfected native and prosthetic joints.*> For firm con-
clusions about purulence as a diagnostic tool and criterion
in SA and PlJIs, clinical research is recommended.

An important difference to discuss is the use of CRP and
ESR as definition criteria. For PJIs, elevated CRP and ESR
are minor criteria.> Although they are not used as criteria
for SA, CRP and ESR are easily obtained and are a valuable
addition to the diagnostic workup for SA.>*°

Furthermore, several synovial biomarkers other than
WBC and PMN can be found within the minor criteria for
PJIs.% Despite limited evidence, D-dimer has gained a place
in the minor criteria for the definition of chronic PJIs.* For
SA, no literature was found about using D-dimer as a pos-
sible marker. Based on the lack of evidence for this marker

in PJIs and in perspective of other available tests, it does not
seem advisable to evaluate this marker for diagnosing SA.

Leukocyte esterase and the alpha-defensin test are both
biomarkers from synovial fluid that are determined to be a
valuable addition in diagnosing and defining PJIs.> No
studies were found evaluating alpha-defensin as a biomar-
ker for SA, but it might be interesting to evaluate this. For
the leukocyte esterase (graded as negative, trace, +, ++, or
++4+) as a biomarker for SA, two studies were found.®'2
One found a sensitivity of 100%, a specificity of 88.24%, a
positive predictive value 68.42%, and a negative predictive
value of 100% with a threshold of ++.°' The study of
Gautam et al. found a sensitivity of 79.2%, specificity of
80.8%, a positive predictive value of 61.8%, and a negative
predictive value of 90.1% also with a threshold of ++.%
They concluded that this test could efficiently differentiate
other etiologies of inflammatory arthritis from SA.%* Leu-
kocyte esterase seems a useful biomarker and could possi-
bly be used for diagnosing and defining SA.

Another difference between both workups is the role of
blood cultures; in SA, they are part of the definition and in
PJIs not.>** Blood cultures are reported to be positive in
50-70% of patients with nongonococcal cultures in native
SA." Blood cultures are a sensitive method for detecting
bacteremia.®® They are used in all kinds of infections, but
they are not a specific marker for one type of infection.®®
Also half of these cultures are contaminants.®*> Taking
this into account, it could be reassessed whether blood
cultures should be a criterion in the definition for SA.
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Blood cultures in PJIs are mostly negative.”” Therefore,
blood cultures in PJIs can be considered for patients with
systemic manifestations but are not included in a standard
diagnostic workup.'!

Treatment

If clinical suspicion of SA is high, immediate joint irriga-
tion is recommended, preferably after taking cultures.’
Arthroscopic or open lavage has yet to be proved as super-
jor to less invasive treatments such as needle lavage.>’
Therefore, one could argue to start with the least invasive
procedure, a needle aspiration and irrigation. If unsuccess-
ful, an arthroscopic lavage should be performed.” In adults
with native SA, antibiotic treatment typically consists of
2 weeks intravenous therapy, followed by 4 weeks oral
treatment. Treatment regimen can be adjusted on behalf
of clinical symptoms.*>’ Antibiotic treatment in pediatric
joint infections has a duration of 10 days to 4 weeks.®® In
rare cases of septicemia that cannot be controlled with
regular treatment options, amputation could be performed.

Acute and chronic types of PJIs are managed differently
due to the aforementioned biofilm formation. In acute PJIs,
the standard procedure is open surgical debridement, with
changing the loose components of the prosthesis, followed
by antibiotics and implant retention (DAIR).'*** Due to
biofilm maturation, DAIR later than 4 weeks from the ini-
tial arthroplasty and/or duration of symptoms of infection is
more likely to fail.** Arthroscopic debridement has been
shown to be insufficient in treating PJIs.®”°® Chronic PJIs
are treated with the removal of the prosthesis, debridement,
and reimplantation, which can be performed in either a one-
stage or two-stage procedure.'®!! Traditionally, antibiotics
are administered for a minimum of 3 months in both acute
and chronic PJIs. However, the optimal duration of anti-
biotic treatment is still under debate.”!'**%° Preferably,
antibiotics have bactericidal activity against growing
organisms in biofilms and should achieve high concentra-
tions in the bone.”'" This might lead to a different choice of
antibiotics in PJIs compared to SA. For example, rifampi-
cin is often used in combination with fluoroquinolone or
amoxicillin in cases of sensitive Staphylococci.” Rifampi-
cin allows better penetration of antibiotics through bio-
films.” For intractable PJIs, arthrodesis, suppressive
antibiotic therapy, supervised neglect, or amputation may
be indicated.”®"!

Prognosis

Even with correct management of SA, a significant number
of cases result in irreversible joint damage and in some
patients, in overwhelming septicemia.* The risk of perma-
nent loss of joint function is nearly 40%." The recurrence
rate of SA in native joints was not found within the litera-
ture. The mortality rate of septicemia in SA is

approximately 11%,? and patients with polyarticular
infections have an even higher mortality rate (up to 30%)."

The prognosis of both SA and acute PJIs is optimized by
fast diagnosis and appropriate treatment.”>** In chronic
PJls, the time until the start of treatment seems less impor-
tant.”>** Overall, acute postoperative PJIs have a better
prognosis than hematogenous PJIs.?*”? Two-year infection
recurrence rates after one-stage and two-stage revision sur-
gery are 7.6% and 8.8%, respectively.”> Mortality rates in
PJIs range from 2.7% to 18%.° The large range is due to
variation in the study populations from which the data were
collected.® It is known, however, that prognosis for both SA
and PJlIs is influenced by the presence of comorbidities,
accuracy of treatment, and causative microorganisms. !>

Discussion

Within their definitions and diagnostic possibilities, there
are similarities between SA and PJIs. However, these simi-
larities are not expressed in their current definition criteria.
The SA criteria seem dated. It could be recommended to
form an updated definition with clear criteria for native SA
in the near future. Some diagnostic criteria used for defin-
ing PJIs, such as synovial biomarkers, serum CRP, and
ESR, might be a valuable addition for the definition of
SA. As purulence and blood cultures criteria for both
pathologies, it can be recommended to clarify their relia-
bility to determine whether they should earn a place within
diagnostic pathways and definitions of both pathologies.

There are clinically relevant differences between SA
and PJIs in incidence, common age, causative microorgan-
isms, and treatment. A clear overview of differences is
provided in Table 2. The most important and clinically
relevant difference is biofilm formation, which is only pres-
ent in PJIs. Biofilm formation is the main reason why PJIs
require an aggressive surgical debridement and/or removal
of the prosthesis in combination with a prolonged antibiotic
management compared to SA to achieve optimal out-
come, 02244483051 Alq0 the choice of antibiotics differs
between SA and PJIs,>*!"37:% and their prognosis in clin-
ical outcome is different.'****72

Conclusion

There are similarities between SA and PJIs, but there also
are important clinical and prognostic differences. Because
of the differences, considering SA and PJIs as similar infec-
tious pathologies and, therefore, combining their data in
clinical research, could lead to wrong clinical decisions,
misleading studies and guidelines. Eventually, this might
lead to incorrect medical practice with possibly devastating
consequences for many patients. This should be considered
in future clinical and epidemiological studies and subse-
quent reports.



Journal of Orthopaedic Surgery 27(2)

Acknowledgements

We would like to thank Dr Dagan Cloutier for editing this article
as a native speaker.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of this
article.

Funding

The author(s) received no financial support for the research,
authorship, and/or publication of this article.

ORCID iD

Ramon Lucas Roerdink
827X

https://orcid.org/0000-0003-0974-

References

1. Garcia-Arias M, Balsa A, and Mola EM. Septic arthritis. Best
Pract Res Clin Rheumatol 2011; 25: 407-421.

2. Shohat N, Bauer T, Buttaro M, et al. Hip and knee section,
what is the definition of a periprosthetic joint infection (PJI)
of the knee and the hip? Can the same criteria be used for both
joints? Proceedings of international consensus on orthopedic
infections. 2019;34:325-327.

3. Coakley G, Mathews C, Field M, et al. BSR & BHPR, BOA,
RCGP and BSAC guidelines for management of the hot swol-
len joint in adults. Rheumatology (Oxford) 2006; 45:
1039-1041.

4. Mathews CJ, Kingsley G, Field M, et al. Management of
septic arthritis: a systematic review. Postgrad Med J 2008;
84: 265-270.

5. Martinez-Pastor JC, Maculé-Beneyto F, and Suso-Vergara S.
Acute infection in total knee arthroplasty: diagnosis and treat-
ment. Open Orthop J 2013; 7: 197-204.

6. Matar WY, Jafari SM, Restrepo C, et al. Preventing Infection
in total joint arthroplasty. J Bone Joint Surg Am 2010; 92:
36-46.

7. Rietbergen L, Kuiper JWP, Walgrave S, et al. Quality of life
after staged revision for infected total hip arthroplasty: a sys-
tematic review. Hip Int 2016; 26: 311-318.

8. Mathews CJ and Coakley G. Septic arthritis: current diagnos-
tic and therapeutic algorithm. Curr Opin Rheumatol 2008; 20:
457-462.

9. Boyle K, Kuo FC, Horcajada JP, et al. General assembly,
treatment, antimicrobials: proceedings of international con-
sensus on orthopedic infections. J Arthroplasty 2019; 34:
225-237.

10. Chotanaphuti T, Courtney PM, Fram B, et al. Hip and Knee
Section, treatment, algorithm: proceedings of international
consensus on orthopedic infections. J Arthroplasty 2019;
34: 393-397.

11. Osmon DR, Berbari EF, Berendt AR, et al. Diagnosis and
management of prosthetic joint infection: clinical practice
guidelines by the infectious diseases Society of America. Clin
Infect Dis 2013; 56: 1-25.

12.
13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Goldenberg DL. Septic arthritis. Lancet 1998; 351: 197-202.
Margaretten ME, Kohlwes J, Moore D, et al. Does This adult
patient have septic arthritis? JAMA 2007; 297: 1478-1488.
Walter G, Vernier M, Pinelli PO, et al. Bone and joint infec-
tions due to anaerobic bacteria: an analysis of 61 cases and
review of the literature. Eur J Clin Microbiol Infect Dis 2014;
33: 1355-1364.

Andreasen RA, Andersen NS, Just SA, et al. Prognostic
factors associated with mortality in patients with septic
arthritis: a descriptive cohort study. Scand J Rheumatol
2017; 46: 27-32.

Roerdink R and Dietvorst M. Prognostic factors associated
with mortality in patients with arthritis: a descriptive cohort
study—comments on the article by Andreasen et al. Scand J
Rheumatol 2017; 46: 331-332.

Luthringer TA, Fillingham YA, Okroj K, et al. Periprosthetic
joint infection after hip and knee arthroplasty: a review for
emergency care providers. Ann Emerg Med 2016; 68:
324-334.

Carpenter CR, Schuur JD, Everett WW, et al. Evidence-based
diagnostics: adult septic arthritis. Acad Emerg Med 2011; 18:
781-796.

Peres LR, Marchitto RO, Pereira GS, et al. Arthrotomy versus
arthroscopy in the treatment of septic arthritis of the knee in
adults: a randomized clinical trial. Knee Surg Sports Trauma-
tol Arthrosc 2016; 24: 3155-3162.

Nade S. Septic arthritis. Best Pract Res Clin Rheumatol 2003;
17: 183-200.

Weston VC, Jones AC, Bradbury N, et al. Clinical features
and outcome of septic arthritis in a single UK Health District
1982-1991. Ann Rheum Dis 1999; 58: 214-219.

Abblitt WP, Ascione T, Bini S, et al. Hip and knee section,
outcomes: proceedings of international consensus on ortho-
pedic infections. J Arthroplasty 2019; 34: 487-495.
Kunutsor SK, Whitehouse MR, Lenguerrand E, et al. Re-
infection outcomes following one- and two-stage surgical
revision of infected knee prosthesis: a systematic review and
meta-analysis. Plos One 2016; 11: e0151537.

Huotari K, Peltola M, and Jimsen E. The incidence of late
prosthetic joint infections. Acta Orthop 2015; 86:
321-325.

Cataldo MA, Petrosillo N, Cipriani M, et al. Prosthetic joint
infection: Recent developments in diagnosis and manage-
ment. J Infect 2010; 61: 443—448.

Lentino JR. Prosthetic joint infections: bane of orthopedists,
challenge for infectious disease specialists. Clin Infect Dis
2003; 36: 1157-1161.

McConoughey SJ, Howlin R, Granger JF, et al. Biofilms in
periprosthetic orthopedic infections. Future Microbiol 2014;
9: 987-1007.

Zimmerli W. Prosthetic-joint-associated infections. Best
Pract Res Clin Rheumatol 2006; 20: 1045-1063.

Roerdink RL, Douw CM, Leenders AC, et al. Bilateral peri-
prosthetic joint infection with Ureaplasma urealyticum in an
immunocompromised patient. Infection 2016; 44: 807-810.


https://orcid.org/0000-0003-0974-827X
https://orcid.org/0000-0003-0974-827X
https://orcid.org/0000-0003-0974-827X
https://orcid.org/0000-0003-0974-827X

Roerdink et al.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Kobayashi H, Hall GS, Tuohy MJ, et al. Bilateral peripros-
thetic joint infection caused by Salmonella enterica serotype
Enteritidis, and identification of Salmonella sp using mole-
cular techniques. Int J Infect Dis 2009; 13: 463—466.
Cizmic Z, Feng JE, Huang R, et al. Hip and knee section,
prevention, host related: proceedings of international consen-
sus on orthopedic infections. J Arthroplasty 2019; 34:
255-270.

Gupta MN, Sturrock RD, and Field M. A prospective 2-year
study of 75 patients with adult onset septic arthritis. Rheuma-
tology 2001; 40: 24-30.

Parvizi J and Gehrke T. Proceedings of the International
Consensus Meeting on Periprosthetic Joint Infection, Phila-
delphia, USA, 1 August 2013, ISBN 978-1-57400-147 -1.
Newman JH. Review of septic arthritis throughout the anti-
biotic era. Ann Rheum Dis 1976; 35: 198-205.

Helito CP, Noffs GG, Pecora JR, et al. Epidemiology of
septic arthritis of the knee at Hospital das Clinicas, Universi-
dade de Sao Paulo. Braz J Infect Dis 2014; 18: 28-33.
Sharff KA, Richards EP, and Townes JM. Clinical man-
agement of septic arthritis. Curr Rheumatol Rep 2013; 15:
332.

Mathews CJ, Weston VC, Jones A, et al. Bacterial septic
arthritis in adults. Lancet 2010; 375: 846-855.

Singh N and Vogelgesang SA. Monoarticular arthritis. Med
Clin North Am 2017; 101: 607-613.

Muinoz-Egea MC, Blanco A, Fernandez-Roblas R, et al.
Clinical and microbiological characteristics of patients with
septic arthritis: a hospital-based study. J Orthop 2014; 11:
87-90.

Yano K, Kazuki K, Ikeda M, et al. Osteomyelitis and arthritis
of the wrist caused by Mycobacterium intracellulare in an
immunocompetent patient: a case report and literature
review. Acta Reumatol Port 2014; 39: 176-181.

Milne B, Arnold M, Hudson B, et al. Infectious arthritis of the
knee caused by mycobacterium terrae: a case report. J Orthop
Surg 2009; 17: 103-108.

Henry MW, Miller AO, Walsh TJ, et al. Fungal musculoske-
letal infections. Infect Dis Clin North Am 2017; 31: 353-368.
Puius YA and Kalish RA. Lyme arthritis: pathogenesis, clin-
ical presentation, and management. Infect Dis Clin North Am
2008; 22: 289-300.

Elkins JM, Kates S, Lange J, et al. General assembly,
diagnosis, definitions: proceedings of international consen-
sus on orthopedic infections. J Arthroplasty 2019; 34:
181-185.

Amanatullah D, Dennis D, Oltra EG, et al. Hip and knee
section, diagnosis, definitions: proceedings of international
consensus on orthopedic infections. J Arthroplasty 2019;
34: 329-337.

Shirtliff ME and Mader JT. Acute septic arthritis. Clin Micro-
biol Rev 2002; 15: 527-544.

Koch B, Lemmermeier P, Gause A, et al. Demonstration of
interleukin-1beta and interleukin-6 in cells of synovial fluids
by flow cytometry. Eur J Med Res 1996; 1: 244-248.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Veerachamy S, Yarlagadda T, Manivasagam G, et al. Bacter-
ial adherence and biofilm formation on medical implants: a
review. Proc Inst Mech Eng H 2014; 228: 1083-1099.
Gbejuade HO, Lovering AM, and Webb JC. The role of
microbial biofilms in prosthetic joint infections. Acta Orthop
2015; 86: 147-158.

Donlan RM. Biofilm formation: a clinically relevant micro-
biological process. Clin Infect Dis 2001; 33: 1387-1392.
Srivastava S and Bhargava A. Biofilms and human health.
Biotechnol Lett 2016; 38: 1-22.

Li SF, Cassidy C, Chang C, et al. Diagnostic utility of labora-
tory tests in septic arthritis. Emerg Med J 2007; 24: 75-77.
Baran S, Price C, and Hak DJ. Diagnosing joint infections:
synovial fluid differential is more sensitive than white blood
cell count. Eur J Orthop Surg Traumatol 2014; 24: 1469—1474.
Borzio R, Mulchandani N, Pivec R, et al. Predictors of septic
arthritis in the adult population. Orthopedics 2016; 39:
657-663.

Diaz-Ledezma C, Espinosa-Mendoza R, Gallo J, et al. Gen-
eral assembly, diagnosis, imaging: Proceedings of Interna-
tional Consensus on orthopedic infections. J Arthroplasty
2018; 34: 215-223.

Zmistowski B, Della Valle C, Bauer TW, et al. Diagnosis of
periprosthetic joint infection. J Arthroplasty 2014; 29: 77-83.
Ascione T, Barrack R, Benito N, et al. General assembly,
diagnosis, pathogen isolation - culture matters: Proceedings
of International Consensus on orthopedic infections.
J Arthroplasty 2019; 34: 197-206.

Trampuz A, Piper KE, Jacobson MJ, et al. Sonication of
removed hip and knee prostheses for diagnosis of infection.
N Engl J Med 2007; 357: 654—663.

Gomez E, Cazanave C, Cunningham SA, et al. Prosthetic
joint infection diagnosis using broad-range PCR of biofilms
dislodged from knee and hip arthroplasty surfaces using soni-
cation. J Clin Microbiol 2012; 50: 3501-3508.

Achermann Y, Vogt M, Leunig M, et al. Improved diagnosis
of periprosthetic joint infection by multiplex PCR of sonica-
tion fluid from removed implants. J Clin Microbiol 2010; 48:
1208-1214.

Ceja-Picazo SU, Fuentes-Figueroa S, Rivera-Villa AH, et al.
Leukocyte esterase as a diagnostic tool for an infectious dis-
ease of the knee. Acta Ortop Mex 2016; 30: 302-306.
Gautam V, Saini R, and Sharma S. Effectiveness of leucocyte
esterase as a diagnostic test for acute septic arthritis. J Orthop
Surg 2017; 25: 1-6. DOI: 10.1177/2309499016685019.
Long B and Koyfman A. Best clinical practice: blood culture
utility in the emergency department. J Emerg Med 2016; 51:
529-539.

Coburn B, Morris AM, Tomlinson G, et al. Does this adult
patient with suspected bacteremia require blood cultures?
J Am Med Assoc 2012; 308: 502-511.

Bates DW, Goldman L, and Lee TH. Contaminant blood
cultures and resource utilization. The true consequences of
false-positive results. J Am Med Assoc 1991; 265: 365-369.
Padkkonen M and Peltola H. Treatment of acute septic arthri-
tis. Pediatr Infect Dis J 2013; 32: 684—685.



Journal of Orthopaedic Surgery 27(2)

67.

68.

69.

Byren I, Bejon P, Atkins BL, et al. One hundred and twelve
infected arthroplasties treated with “DAIR” (debridement,
antibiotics and implant retention): Antibiotic duration and
outcome. J Antimicrob Chemother 2009; 63: 1264—-1271.
Waldman BJ, Hostin E, Mont MA, et al. Infected total knee
arthroplasty treated by arthroscopic irrigation and
débridement. J Arthroplasty 2000; 15: 430-436.
Rodriguez-Pardo D, Pigrau C, Corona PS, et al. An update on
surgical and antimicrobial therapy for acute periprosthetic
joint infection: new challenges for the present and the future.
Expert Rev Anti Infect Ther 2015; 13: 249-265.

70. Ghazavi M, Mortazavi J, Patzakis M, et al. Hip and Knee

71.

72.

Section, treatment, salvage: proceedings of international con-
sensus on orthopedic infections. J Arthroplasty 2019; 34:
459-462.

Calabro F, Coen M, Franceschini M, et al. Hip and knee
section, treatment, antimicrobial suppression: proceedings
of international consensus on orthopedic infections. J Arthro-
plasty 2019; 34: 483-485.

Qasim SN, Swann A, and Ashford R. The DAIR (debridement,
antibiotics and implant retention) procedure for infected total
knee replacement — a literature review. SICOT J 2017; 3: 2.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


