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Abstract 

Current diagnostic modalities are based almost exclusively on laboratory findings and the role of 
clinical presentation remains unknown. The purpose of this study was to examine the diagnostic 
value of clinical presentation in detecting periprosthetic joint infection (PJI). This study evaluated 
279 patients undergoing revision surgery for failed total knee arthroplasty (TKA) between 
2001-2016. Patients were classified as undergoing septic revisions based on major MSIS criteria. 
Aseptic revisions were defined as cases of single stage revision that did not have suspected PJI, fulfill 
MSIS criteria, or subsequently fail within one year of follow-up. Clinical presentation included pain, 
fever, presence of joint effusion or erythema, and reduced range of motion. Serum and synovial 
laboratory markers were also evaluated. The diagnostic value of each test was assessed and a Fagan’s 
nomogram was constructed. A subset of MSIS-negative patients was used to demonstrate the value 
of various clinical presentations in detecting PJI. Post-test probability for infection was calculated 
taking into account clinical presentation together with serum and synovial markers. Our results 
show that fever and erythema are the most important signs for diagnosing PJI with a positive 
likelihood ratio (LR) of 10.78 and 8.08, respectively. Effusion had a LR of 2.42. Pain and reduced 
ROM were not as strongly correlated with PJI diagnosis; LR was 1.02 and 1.51. Of the 35 
MSIS-negative patients treated for PJI, 33 had a post-test probability of infection greater than 90% 
when taking clinical presentation into account. Clinical presentation should be used to guide which 
future diagnostic tests should be ordered and in the interpretation of their results. Our results 
indicate that pain, fever, presence of joint effusion or erythema, and reduced range of motion should 
prompt further workup for infection. We propose a nomogram that may be used in interoperating 
their individual weight together with laboratory findings. Fever and erythema are highly specific 
findings in patients with PJI and future studies should assess whether they may be added as minor 
criteria to current definitions for infection. 

 

Introduction 
Periprosthetic joint infection (PJI) is currently the 

leading cause of failure following primary total knee 
arthroplasty (TKA) [1]. As the number of TKA 
performed each year rises, so does the number of 
cases presenting with PJI [2,3]. Diagnosing PJI remains 
a major challenge and is the first step in the 
management of these patients. Due to the lack of a 

single test that provides absolute accuracy, the 
diagnosis of PJI requires a combination of supportive 
findings. The Musculoskeletal Infection Society 
(MSIS) and Infectious Diseases Society of America 
(IDSA) have developed diagnostic criteria to 
standardize the definition of PJI [4,5]. These criteria are 
based on definite and supportive evidence for PJI, and 
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have become widely accepted among surgeons 
worldwide [6]. While both guidelines incorporate a 
variety of laboratory findings, less consideration is 
given to clinical presentation. 

Clinical presentation is evident from the first 
patient encounter and can be immensely helpful in 
assessing the pretest probability of a diagnosis, as well 
as the subsequent interpretation of tests ordered. This 
concept is applied widely across the medical 
profession, for instance with the calculation of a Wells 
pre-test probability score prior to requesting an 
ultrasound examination for the diagnosis of deep vein 
thrombosis [7]. Differences in pre-test probability may 
also significantly alter the post-test probability of 
patients with similar laboratory findings [8,9]. For 
instance, two patients with elevated ESR and CRP but 
no other elevated serum or synovial markers may 
have a different post-test probability for infection 
based on differences in their clinical presentation. 
While the American Academy of Orthopedic Surg-
eons (AAOS) acknowledge the importance of pre-test 
probability as evident in their stepwise approach for 
evaluation of patients suspected of PJI, no attention is 
given to bedside clinical presentation [10].  

Commonly reported signs or symptoms of 
chronic PJI may include pain, joint effusion, erythema 
around the joint, and fever [11–14]. They share the same 
biological origin as laboratory findings as they are the 
consequent of inflammation. While these are usually 
the first symptoms encountered in the evaluation of 
patients approaching revision arthroplasty, there is no 
literature, to our knowledge, that assesses the role of 
the physical examination for the diagnosis of PJI. The 
purpose of this study was to examine the diagnostic 
value of simple clinical findings in detecting PJI. 
Furthermore, we aimed to examine how the pre-test 
probability of clinical presentation together with 
current serum and synovial diagnostic markers affect 
the final probability of PJI.    

Materials and Methods 
Following Institutional Review Board approval, 

a single institution retrospective study evaluating all 
patients undergoing revision surgery for a failed TKA 
between January 2001 and June 2016 was performed. 
We included only revision TKAs that had had a 
minimum of two cultures (mean 4.1, range 2-6) 
obtained at the time of surgery and that had complete 
documentation of the following five clinical findings: 
effusion, erythema, reduced range of motion, pain, 
and fever. The final cohort included 279 revision 
TKAs, including 147 that were revised for PJI. 

Definition of Septic vs. Aseptic Revision: 
Patients were classified as undergoing septic 

revisions if they had definitive evidence of PJI defined 
as major criteria by Musculoskeletal Infection Society 
(MSIS)[5].We excluded acute PJI defined as occurring 
less than 3 months from the index surgery and acute 
hematogenous PJI defined as acute symptoms 
occurring for less than 6 weeks but more than 3 month 
from index surgery.   

Aseptic revisions were considered as those 
undergoing single stage revision who did not meet 
MSIS criteria with a diagnosis other than infection 
(loosening/wear, instability, malalignment, metall-
osis or other unexplained pain), nor had any further 
reoperation on the same joint within one year of 
follow-up. The reasons for aseptic revisions were 
loosening/wear (73.48%), instability (15.90%), 
malalignment (3.78%), metalosis (3.03%), and other 
unexplained pain (3.78%). A comparison of patient 
characteristics and inflammatory markers between 
the two groups is presented in Table 1. We were 
interested in testing the value of clinical presentation 
on infected patients in whom it is difficult to reach a 
diagnosis of infection using serum and synovial 
markers. It has been previously shown that MSIS is a 
specific tool but lacks sensitivity with up to 30% 
underdiagnoses. 15We were able to isolate a subgroup 
of patients who did not meet MSIS criteria for PJI 
(major or minor) but were still operated on for 
suspected PJI (n=81).Patients without serum or 
synovial markers available were excluded (n=46). 
This information was used to evaluate the effect 
clinical presentation has on post-test probability. 

 

Table 1. Demographics and inflammatory markers of patient 
undergoing septic compared to aseptic total knee revision. 

 Septic Revisions 
(n=147) 

Aseptic Revisions 
(n=132) 

P-value 

Age (yr) 66.98±10.54 64.06±10.50 0.023 
Gender (male) 79 (53.7%) 55 (41.7%) 0.055 
BMI (kg/m2) 31.71±7.69 32.04±5.67 0.691 
Laterality (left) 74 (50.3%) 65 (49.2%) 0.905 
Primary/Revision◦ 
(revision) 

54 (36.73%) 24 (18.18%) 0.001 

Elixhauser Comorbidity 
Score 

2.36±1.45 1.67±1.27 <0.001 

ASA (>3)* 73 (71.57%)* 73 (55.30%) 0.004 
Serum markers    
      ESR (mm/hr) 69.55±32.99 20.93±16.61 <0.001 
     CRP (mg/dL) 10.39±10.01 0.62±0.95 <0.001 
          WBC (x103/µL) 9.30±4.14 7.20±2.02 <0.001 
PMN (%) 69.83±13.68 60.46±7.85 <0.001 
Synovial fluid markers    
         sWBC (cells/µL) 90064.14±155270.56 1436.13±6121.19 <0.001 
sPMN (%) 87.07±11.69 28.46±23.57 <0.001 
Years (yr); Kilogram (Kg); Meter (m); American Society of Anesthesiologists (ASA); 
Celsius (°C); Erythrocyte Sedimentation Rate (ESR); C-Reactive Protein (CRP); 
White Blood Cells (WBC); Polymorphonuclear Leukocytes (PMN); Synovial Fluid 
White Blood Cells (sWBC); Synovial Fluid Polymorphonuclear Leukocytes (sPMN); 
Millimeter (mm); Hour (hr); Milligram (mg); Microliter (µL). *Information on ASA 
was available for 101 patients in the septic group. ◦Current revision is following a 
primary or revision surgery  
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Data collection 
A manual chart review of all patients meeting 

the above inclusion criteria was conducted from 
physician notes at preadmission testing. Clinical 
presentation included 1) presence of joint effusion as 
dictated by the treating surgeon, 2) presence of 
erythema defined as any redness of the skin 
surrounding the knee, 3) reduced range of motion 
(ROM) defined as less than 0-120 degrees, 4) 
patient-reported pain, and 5) fever defined as any 
value above 37.5 °C on the day of admission to the 
hospital or subjectively reported by the patient prior 
to admission. Patients were included only if the above 
variables were explicitly stated as positive or negative 
by the surgeon. If any of these variables (apart from 
range of motion) were not specifically mentioned, the 
patient was excluded from the study. The follow-up 
visit at one year was reviewed and failure was 
documented as defined by the Delphi criteria [16]. 
Patient demographics and the Elixhauser comorbidity 
Index were collated from the medical record. The 
Elixhauser Comorbidity Index is a method of 
categorizing comorbidities of patients based on the 
International Classification of Diseases (ICD) diagno-
sis codes found in administrative data. The index 
includes 30 categories and each comorbidity category 
is dichotomous. Serum C-Reactive Protein (CRP) and 
Erythrocyte Sedimentation Rate (ESR) as well as 
White Blood Cells (WBC), and Polymorphonuclear 
Leukocytes (PMN%) were documented. Culture 
results as well as Synovial Fluid White Blood Cells 
(sWBC), Synovial Fluid Polymorphonuclear Leuko-
cytes (sPMN%), and Leukocyte Esterase (LE) were 
also collected. MSIS cutoffs were used to stratify the 
different tests as normal or abnormal values [5]. 

Statistical Analysis 
The first step of this study was to examine the 

diagnostic value of simple clinical findings in 
detecting PJI. We calculated sensitivity and 
specificity, positive predictive value (PPV) and 
negative predictive value (NPV) for the following 
variables: pain, reduced range of motion, effusion, 
erythema, fever, ESR, CRP, ESR and CRP together, 
sWBC, sPMN and LE. We calculated positive and 
negative likelihood ratio (LR) for both clinical and 
laboratory markers [17]. Chi-square was used to 
compare between categorical variables and t-test was 
used when comparing continuous variables. We 
attempted to perform a multivariate analysis to obtain 
adjusted likelihood ratios however this was not 
feasible due to multicollinearity between variables. 
Since clinical presentation is usually the first 
diagnostic test used in clinical practice, we calculated 
the pre-test probability for PJI based on their PPV. We 

combined the pre-test probability with the likelihood 
ratio (LR) of current laboratory diagnostic markers to 
construct a Fagan’s nomogram [18]. The Fagan’s 
nomogram (Fig. 1) is a graphical tool which, in routine 
clinical practice, allows one to use the results of a 
diagnostic test to estimate a patient’s probability of 
having disease [19]. In this nomogram, a straight line 
drawn from a patient’s pre-test probability of disease 
(left axis) through the likelihood ratio of the test 
(middle axis) will intersect with the post-test 
probability of disease (right axis). We also calculated 
post-test odds according to the Bayes theorem by 
direct mathematical calculation (Post -test odds = 
pre-test odds × likelihood ratio) and transformed 
odds to probability (Post-test odds/(post-test odds+1) 
[17]. The IBM SPSS software was used for all 
calculations. 

 

 
Figure 1. Clinical presentation in septic compared to aseptic revisions. 
Periprosthetic Join Infection (PJI); Range of Motion (ROM) * Information on 
range of motion was available for 175 patients (56 septic and 119 aseptic). ** 
Significant differences 

 

Results 
Diagnostic Values for Clinical Presentation 

Fever and erythema were the most important 
clinical findings for diagnosing PJI; The positive 
likelihood ratios for fever and erythema were 10.78 
(range 4.46-26.02) and 8.08 (range 3.84-17.02), respect-
ively. While these signs were the most specific 
(96.21% and 94.70%), they were also the least sensitive 
(40.82% and 42.86%) for diagnosing PJI (Table 2). Sixty 
(40.82%) patients undergoing septic revision com-
plained of fever or presented with subjective fever at 
admission compared to only 5 (3.79%) patient in the 
aseptic cohort (p<0.0001) (Figure 1). Erythema was 
also significantly (p<0.0001) more prevalent in the 
septic (63 patients, 42.86%) compared to aseptic (7 
patients, 5.30%) group. 

While septic patients were more likely to suffer 
from effusion of the joint (116 patients, 78.91%) 
compared to the aseptic patients (43 patients, 32.58%) 
(P<0.001), the positive likelihood ratio was 2.42 (range 
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1.87-3.14). Pain and reduced ROM did not aid in the 
diagnosis of PJI; positive likelihood ratio was 1.02 
(range 0.97-1.07) and 1.51 (1.24-1.84), respectively. 
Pain was the most sensitive (96.60%) but least specific 
(5.30%) complaint in both groups as it was present in 
142 (96.60%) septic revisions and 125 (94.70%) aseptic 
revisions (p=0.627). Both groups had a reduced range 
of motion but this was more pronounced in the 
patients with aseptic revisions (83.9% vs. 55.5%; 
p<0.0001).  

Association between Clinical Presentation, 
Organism profile and Laboratory findings 

Patients undergoing septic revision who 
presented with fever had more comorbidities 
(p=0.001), higher serum CRP (p<0.001) and higher 
ESR (p=0.036) (Table 3). They were also two times 
more likely to grow resistant bacteria from the joint 
(20.0% vs. 11.5%) however this did not reach statistical 
significance (p=0.16). Interestingly, there were no 

notable differences in synovial fluid markers between 
patients with and without fever (p=0.4). In contrast, 
patients with a positive effusion had significantly 
(p=0.001) higher synovial WBC count (105461.8cells/ 
µL) compared to patients without effusion (34072.5 
cells/µL). Of the 147 septic revisions included in this 
study, 52 failed with reinfection at 1 year follow up. 
While there was no significant association seen 
between clinical findings at presentation and risk for 
failure (p=1.0, p=1.0, p=0.3, p=0.4 for pain, erythema, 
effusion and reduced ROM, respectively), patient 
with fever did show higher failure rate (48.1% vs. 
34.8%) and this had a tendency toward statistical 
significance (p=0.15). 

Probability for Infection in Clinical Practice 
 A Fagan’s nomogram (Figure 2) was populated. 

Of the 147 patients within our septic group, 23 
(15.65%) had a normal ESR or CRP. These patients 
may potentially be overlooked and not undergo 

further investigation as their likelihood ratio for 
PJI is low (0.18) based solely on these diagnostic 
tests. However, taking into account their pre-test 
probability based on their clinical presentation, 
the risk for PJI increases from 18% in a patient 
with only pain, to 30% in a patient with joint 
effusion, to 60% and 70% in a patient with 
erythema or fever. Notably, of the 23 patients 
with negative ESR or CRP, 14 had a positive 
effusion, 12 had joint erythema, and 4 had fever 
putting them at substantially higher risk for PJI.    

In a subgroup analysis of 35 of patients who 
did not meet MSIS criteria but were still operated 
on for suspected PJI (Table A), considering 
clinical presentation resulted in an average 
post-test probability of 91.9% for PJI. 
Furthermore, 33 patients (94.3%) had a post-test 
probability above 90% and twenty-five patients 
(71.43%) had a post-test probability of above 95%. 

Discussion 
Clinical presentation in PJI currently plays a 

limited role in established diagnostic guidelines. 
However, the results of our study demonstrate 
that fever and erythema around the joint are 
highly specific findings for patients with PJI. 
Furthermore, we reveal that clinical presentation 
has an important role within the diagnostic 
algorithm for PJI, and may substantially influence 
the probability of infection. These results raise the 
importance of adding pre-test probability to 
current metrics in order to diagnose infection, 
and further suggest that fever and erythema 
should receive particular attention in any future 
diagnostic criteria.  

 

 
Figure 2. Fagan’s nomogram taking into account the pretest probability of patients 
based on their clinical presentation, together with the likelihood ratio of specific serum 
and synovial markers. The blue arrow represents a patient with a physical examination 
positive for erythema. Even though his serum markers within normal levels, he has a 
60% probability for infection. He went on to having a joint aspiration, which grew 
S.aureus on three separate cultures. Range of Motion (ROM); Erythrocyte 
Sedimentation Rate (ESR); C-Reactive Protein (CRP); Synovial Fluid White Blood Cells 
(sWBC); Synovial Fluid Polymorphonuclear Leukocytes (sPMN); Leukocyte 
esterase (LE); Positive Likelihood Ratio (LR+) = Sensitivity / (1-Specificity); Negative 
likelihood ratio(LR-) =(1-Sensitivity) / Specificity. 
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Table 2. Diagnostic abilities of the various clinical presentations.   

  Sensitivity Specificity PPV NPV Positive LR Negative LR 
Pain 96.60% (92.24-98.89) 5.30% (2.16-10.62) 53.18% (51.92-54.44) 58.33% (31.28-81.15) 1.02 (0.97-1.07) 0.64 (0.21-1.97) 
Reduced ROM 83.93% (7.67-92.38) 44.54% (35.43-53.93) 41.59% (36.89-46.46) 85.48% (75.80-91.72) 1.51 (1.24-1.84) 0.36 (0.19-0.68) 
Effusion 78.91% (71.42-85.20) 67.42% (58.73-75.32) 72.96% (67.55-77.76) 74.17% (67.27-80.04) 2.42 (1.87-3.14) 0.31 (0.22-0.44) 
Erythema  42.86% (34.74-51.27) 94.70% (89.38-97.84) 90.00% (81.04-94.99) 59.81% (56.26-63.26) 8.08 (3.84-17.02) 0.60 (0.52-0.70) 
Fever 40.82% (32.79-49.22) 96.21% (91.38-98.76) 92.31% (83.25-96.66) 59.35% (55.97-62.64) 10.78 (4.46-26.02) 0.62 (0.54-0.71) 
Positive Predictive Value (PPV); Negative Predictive Value (NPV); Positive Likelihood Ratio (LR) = Sensitivity / (1-Specificity); Negative likelihood ratio (LR) 
=(1-Sensitivity) / Specificity 
Data is presented as % or number (Confidence Interval)  

Table 3. Patient characteristics and bacterial virulence stratified by clinical presentation.  

 Fever  Erythema Effusion 
 Yes (n=60) No (n=87) P-value Yes (n=63) No (n=84) P-value Yes (n=116) No (n=31) P-value 
Age (yr) 66.81 67.1 0.87 67.4 66.6 0.64 66.50 68.84 0.28 
Gender (male) 30 (50%) 49 (62.0%) 0.50 35 (55.6%) 44 (52.4%) 0.74 65 (56.0%) 14 (45.2%) 0.31 
BMI (kg/m2) 31.5 31.9 0.77 31.1 32.2 0.42 31.64 31.99 0.83 
Elixhauser  2.83 2.04 0.001 2.5 2.2 0.21 2.37 2.33 0.91 
S.aureus 21 (35.0%) 24 (27.6%) 0.36 20 (31.7%) 25 (29.8%) 0.86 35 (30.2%) 10 (32.3%) 0.83 
Resistant bacteria 12 (20.0%) 10 (11.5%) 0.16 9 (14.29%) 13(15.47%) 0.92 16 (13.8%) 6 (19.4%) 0.41 
Gram (-) 10 (16.7%) 8 (9.2%) 0.20 11 (17.5%) 7 (8.3%) 0.12 16 (13.8%) 2 (6.5%) 0.36 
Multiple organisms 6 (6.9%) 4 (6.7%) 1.00 5 (7.9%) 5 (6.0%) 0.74 8 (6.9%) 2 (6.5%) 1.00 
Serum markers          
ESR (mm/hr) 76.4 64.6 0.036 67.4 71.1 0.50 68.1 75.0 0.32 
CRP (mg/dL) 15.4 6.8 <0.001 10.6 10.2 0.83 10.7 8.9 0.41 
Synovial fluid markers          
      sWBC (cells/µL) 103464.8 78152.4 0.41 100853.1 80473.9 0.51 105461.8 34072.5 0.001 
        sPMN (%) 86.2 87.9 0.47 88.6 85.7 0.23 88.2 82.5 0.23 
Years (yr); Kilogram (Kg); Meter (m); American Society of Anesthesiologists (ASA); Celsius (°C); Erythrocyte Sedimentation Rate (ESR); C-Reactive Protein (CRP); White 
Blood Cells (WBC); Polymorphonuclear Leukocytes (PMN); Synovial Fluid White Blood Cells (sWBC); Synovial Fluid Polymorphonuclear Leukocytes (sPMN); Leukocyte 
esterase (LE); Millimeter (mm); Hour (hr); Milligram (mg); Microliter (µL). 

 
There are two ways to interpret our results; the 

first is to consider clinical presentation in the pre-test 
probability for infection which will guide future tests 
and have a substantial impact upon their 
interpretation. Clinical presentation is available from 
the first patient encounter, they are non-invasive and 
simple. The results of this study demonstrate the 
immense impact they have in the evaluation the 
probability for infection. Current diagnostic criteria 
use a combination of culture and laboratory findings 
to define PJI [4–6,20–22]. These different criteria are all 
the similar in that they all reflect a snapshot of the 
patient state at the time they are taken, disregarding 
each patient’s pre-test probability. Furthermore, 
laboratory markers may differ notably even between 
patients who are clinically infected [23–25]. We 
highlight that taking clinical presentation into account 
dramatically increases the probability of infection in 
patients who would otherwise have been diagnosed 
as undergoing aseptic revisions based on the current 
MSIS criteria. The second way to interpret and 
implement our results is to take these clinical 
preentation into consideration when assessing 
infection using current diagnostic criteria. While 
current guidelines appreciate the importance of a 
sinus tract and purulence, they overlook other clinical 
examination findings. One of the strength of the 
present study is the use of well-defined aseptic and 

septic cohorts using strict criteria. This enabled us to 
evaluate and score the weight of each diagnostic 
laboratory marker and compare them with clinical 
presentation.  

A commonly held notion is that chronic 
infections present with vague symptoms such as 
indolent pain without systemic features. However, 
this has never been properly studied within the 
context of PJI. Published work reporting clinical 
presentation in PJI are retrospective cohort studies 
including only infected patients with PJI without a 
comparative aseptic cohort. Moreover, they report the 
findings of hips and knees, chronic and acute 
infections all together [12–15, 21–24] Similar to our 
findings, pain was the most frequently reported 
clinical manifestation in these studies, with series 
reporting between 79 and 100% of patients with this 
finding [11,13,26–29]. The very low specificity we report 
suggests that pain is not a very good discriminating 
symptom. Nevertheless, pain may be the only 
symptom of chronic infection (especially in cases of 
low virulence) and pain by itself justifies further 
evaluation to rule out PJI. The presence of a joint 
effusion has been previously reported to be 
significantly higher in patients with PJI compared to 
aseptic revisions [13]. When comparing 172 THA with 
148 TKA undergoing revision surgery for PJIs, Zajons 
et al [30] found effusion rates of 29% and 75%, 
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respectively.  We also showed higher rates of effusion 
in PJI patients compared to controls, with similar 
overall incidence for knee PJI. Joint stiffness and 
reduced ROM are underreported findings and 
descriptions differ widely whenever reported. Tande 
et al [31] reported a sensitivity of 20.5% (95% CI, 9.3 – 
36.5) and a specificity of 99.0% (95% CI, 94.5 – 100.0) in 
a sample of 39 acute hematogenous PJI’s compared 
with 100 non-infected controls. The incidence of 
reduced ROM in chronic PJI in a study by Jacobs et al 
reached 41.7% (25/60 patients) [32]. Tseng et al [27] 
found evidence of stiffness in 37.3% (22/ 59 patients). 
Notably these studies did not specify TKA from THA. 
Zajons et al [30] found an incidence of knee stiffness to 
be 85% (126/148 patients), similar to our findings. In 
our study, both effusion and reduced ROM were 
associated with a low likelihood ratio. These findings 
suggest that while they are not specific tools for 
diagnosing PJI, they certainly have an important role 
in guiding future testing and may aid in the overall 
diagnosis when taking into account with serum and 
synovial testing. Future prospective studies should 
examine the role of clinical presentation with more 
objective tools such as pain questioners, goniometer 
and measuring. In a population based study, 
evaluating 75 joint infections, Tsaras et al. [11] reported 
fever in 27 patients (36.5%) and erythema in 28 
patients (38.9%). Peel and colleges [12] reported similar 
rates in a cohort of 163 joint infections; fever was 
present in 62 (38%) and erythema in 68 (42%). While 
these studies did not distinguish between acute and 
chronic infections, they reported findings comparable 
to ours. Our results suggest that fever and erythema 
are highly specific for detecting PJI and future studies 
should investigate whether they may be added as 
minor criteria in future diagnostic definitions.  

There are several limitations to the study. Most 
notably, the study is retrospective and the clinical 
data collected relies on physician notes, lacks 
standardization, and thus is subjective to interpret-
tation bias. However, the fact that the majority of 
patients were operated by 5 different surgeons might 
have helped reduce this reporting bias. Another 
limitation is the relative small sample size. This was 
due to our strict exclusion criteria and inclusion of 
only those patients where the clinical examination 
data was explicitly specified as positive or negative. 
While this decreased our sample size, it preserved a 
homogenous group and eliminated assumption bias. 
Finally, follow up time was relatively short for 
monitoring PJI (1 year) and may have influenced the 
lack of association between clinical presentation and 
failure.  

Taking these limitations into account, this study 
takes us back to the basic skills taught in medical 

school, by highlighting the importance of physical 
examination prior to any further invasive testing. In 
this retrospective review we assessed the value of 
diagnostic approaches using clinical observation in 
aseptic and septic revision TKA patients to help 
diagnose and predict PJI. The study revealed that the 
most significant predictive factors for diagnosing PJI 
were fever and erythema. Pain, effusion and reduced 
range of motion were more prevalent in PJI cases and 
should prompt further investigation when present. 
We provide a framework for a better understanding 
of bedside clinical presentation, and how they can put 
diagnostic tests within an appropriate context, to 
guide clinicians in the process of reaching and 
establishing a diagnosis of PJI. Physicians should 
make use of the presented nomogram to assess the 
probability for infection, taking into account clinical 
presentation as a pretest probability. In cases where 
posttest probability is high, patients should be 
considered infected and treated appropriately. Future 
studies should assess whether fever and erythema 
may be added as minor criteria to current MSIS 
definition for infection. 

Table A. Characteristics, laboratory and clinical findings of a 
sub-group of patients diagnosed and treated for suspected 
infection although not meeting MSIS criteria for infection (n=35).    

 MSIS (-) suspected PJI (n=35) 
Age (yr) 62.16±10.4 
Gender (male) 17 (48.57%) 
BMI (kg/m2) 33.27±7.2 
Laterality (left) 14 (40%) 
Primary/Revision◦ (revision) 9 (25.7%) 
Elixhauser Comorbidity Score 2.14±1.3 
MSIS minor criteria¥  1.34±0.78 
ESR (mm/hr) 25 (71.42%) 
CRP (mg/dL) 24 (68.57%) 
ESR&CRP  19 (54.29%) 
sWBC (cells/µL) 15 (42.86%) 
sPMN (%) 9 (25.71%) 
Single positive culture 4 (11.43%) 
LE (++) * 4 (44.44%) 
Clinical presentation¥  
Pain 32 (91.43%) 
Reduced ROM 15 (42.86%) 
Effusion 22 (62.86%) 
Erythema  11 (31.43%) 
Fever 6 (17.14%) 
Years (yr); Kilogram (Kg); Meter (m); Erythrocyte Sedimentation Rate (ESR); 
C-Reactive Protein (CRP); White Blood Cells (WBC); Polymorphonuclear 
Leukocytes (PMN); Synovial Fluid White Blood Cells (sWBC); Synovial Fluid 
Polymorphonuclear Leukocytes (sPMN); Millimeter (mm); Hour (hr); Milligram 
(mg); Microliter (µL). 
*Information on Leukocyte esterase (LE) was available for 9 patients. ◦Current 
revision is following a primary or revision surgery. ¥ Data presented as 
dichotomous variables (yes/no) 
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