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INTRODUCTION

Periprosthetic joint infection (PJI) after hip and knee
arthroplasty is one of the most serious complications.
Despite routine use of prophylactic antibiotics for surgery,
dental procedures, the incidence of PJI remains 0.3-1.7%
for total knee arthroplasty (TKA) and 0.8-1.9% of total
hip arthroplasty (THA)1-3). It is known that prognosis
shows large differences depending upon the causative
bacteria or treatment methods4). Therefore, it is very
important to perform appropriate treatment after precise
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diagnosis is made. It is known that methicillin-sensitive
Staphylococcus aureus (MSSA) is the most common
bacteria, but lately as the frequent use of broad-spectrum
preventive antibiotics is increasing, methicillin-resistant
Staphylococcus aureus (MRSA) infection within hospital
or social infection is increasing exponentially. Recently
some reports said that there were significant increases in
the rates of primary MRSA, as the overall proportion of
PJIs from MRSA more than doubled in the latter half
from 1998 to 20115,6). Many studies are reporting that if
deep infection is caused by MRSA, then it has higher
toxicity and damage than those by MSSA. And so MRSA
infections come to be more complications, and higher
mortality rate7-12). Parvizi et al.13) also found out that
MRSA-related surgical site infections nearly doubled the
length of hospital stay compared with non-MRSA
infections. But there was a less study about the clinical
course of MRSA PJI in Korea.

The aims of our study were to examine the difference of
MRSA and MSSA infection after hip and knee arthroplasty
focusing on laboratory results and clinical course.

MATERIALS AND METHODS

1. Subjects

This study designed as retrospective study and was
done in one institution. The present study was approved
by our local institutional review boards and all patients
provided informed consent. Among 142 patients who
were diagnosed as PJI of hip and knee from 1998 to 2011
(including the 108 cases transferred from other hospital,
PJI from our hospital: 34 cases, our institution’s incidence
of PJI-THA: 0.65%, TKA: 0.92%), we selected 66
patients who were proved to have staphylococcal
infection by aspiration or wound culture. All of these
patients were treated with two-stage revision operation
because of chronic infection stage14). We retrospectively

analyzed 61 patients (29 knee joints, 32 hip joints). Five
patients who had accompanying infection (3 respiratory
system infection, 2 urinary tract infection) which could
be confusing factor to initial laboratory finding were
excluded. MRSA group was consisted of 36 patients and
MSSA group had 25 patients. In MRSA group, 20 cases
were infected THA and 16 cases were infected TKA. In
MSSA group, 12 cases were THA and 13 cases were
TKA (Table 1). Infection diagnosis criteria follows as
the proposed criteria by the Musculoskeletal Infection
Society15): (1) There is a sinus tract communicating with
the prosthesis or (2) A pathogen is isolated by culture
from at least two separate tissue or fluid samples
obtained from the affected prosthetic joint; or (3) Four
of the following six criteria exist. Elevated serum
erythrocyte sedimentation rate (ESR) and serum C-
reactive protein (CRP) concentration, elevated synovial
white blood cell (WBC) count, elevated synovial
neutrophil percentage (PMN%), presence of purulence
in the affected joint, isolation of a microorganism in one
culture of periprosthetic tissue or fluid, or greater than
five neutrophils per high-power field (HPF) in 5 HPF
observed from histologic analysis of periprosthetic
tissue at ×400 magnification. There were 48 cases
which satisfied criteria (2) and 3 cases satisfied criteria
(1). All of cases satisfied with criteria (3). We recorded
previous MRSA infection history, vital sign (heart rate,
body temperature), neutrophil differential rate (%),
absolute neutrophil count (ANC), WBC count,
hematocrit (%), platelet count, ESR, and CRP of
patients when they were diagnosed as PJI. We examined
symptom duration, past medical history, antibiotics
usage and weight bearing possibility at presentation, and
previous MRSA infection history. We also examined the
duration for normalization of ESR and CRP, the duration
from the first stage mobile articulating spacer (we used
prosthesis of antibiotic-loaded acrylic cement
[PROSTALAC]) insertion operation to the second stage

Table 1. Demographic Characteristics of Patients

Characteristic MRSA infection (n=36) MSSA infection (n=25) P-value

Patient (n) 0.68
THA 20 12
TKA 16 13

Age (yr), mean±±SD 64.9±±9.2 63.8±±12.3 0.83
Sex (male:female) 9:27 13:12 0.14

MRSA: methicillin-resistant Staphylococcus aureus, MSSA: methicillin-sensitive Staphylococcus aureus, THA: total hip
arthroplasty, TKA: total knee arthroplasty, SD, standard deviation.
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reimplantation operation. Additionally we evaluated a
recurrence rate for minimal 2 year follow up period
(mean 3.8 years, range 2 to 10.1 years).

2. Treatment Method

For the 61 patients, we conducted the two-stage revision
arthroplasty using mobile articulating spacer by three
surgeon using same technique. For mobile articulating

FFiigg..  11.. X-ray images of a 62-year-old male who was diagnosed as periprosthetic joint infection of left total hip arthroplasty.
(AA) Hip anteroposterior X-ray at diagnosis. (BB) We removed implants and inserted mobile articulating spacer. Methicillin-
sensitive Staphylococcus aureus infection was proved through joint fluid and intraoperative tissue culture. (CC) Second stage
reimplantation was done at 6 weeks after mobile articulating spacer insertion.

A B C

FFiigg..  22.. X-ray images of a 75-year-old female patient who was diagnosed as periprosthetic joint infection of right total knee
arthroplasty. (AA) Knee anteroposterior X-ray at diagnosis. (BB) We removed all of implants and inserted mobile articulating
spacer. Methicillin-resistant Staphylococcus aureus infection was proved through joint fluid culture. (CC) Second stage
reimplantation was done at 10.3 weeks after mobile articulating spacer insertion.

A B C
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spacer, we inserted mixing cement containing gentamycin
with vancomycin 4 g16-18)(Fig. 1, 2). We conducted bacteria
culture test and antibiotic sensitivity test with clinical
specimen that collected, while performing joint
arthrocentesis or the first mobile articulating spacer
insertion operation. We used the first generation
cephalosporin antibiotics empirically until the result
came out19), and changed antibiotics to vancomycin 1 g
per 12 hours only for the group in which MRSA was
cultured. We performed the second stage revision
arthroplasty when after minimum 6 weeks intravenous
antibiotics treatment period, infection indicator was
improved and normalized with ESR under 22 mm/hr,
CRP under 0.3 mg/dl, and WBC under 10,000/μL. And
then polymorphonuclear leukocyte (PML) was detected
less than 5 on HPF by frozen section examination15,20). If
there were more than 5 on HPF, we did redebridement
procedure and kept intravenous antibiotics until infection
indicator normalized again.

3. Statistics

We compared MSSA group and MRSA group for each
variable through Student t-test. We conducted Mann-

whitney U-test for all the variables that didn’t represent
normal distribution. We evaluated with mean±standard
deviation. We used the Fisher’s exact test to determine
whether administration of antibiotics before hospitalization
that could affect relation and results between the causative
strain and the gap from the first operation to second one.
Also we used Fisher’s exact test to evaluate prior
hospitalization, previous MRSA infection, past medical
history and weight bearing possibility. Moreover,
multivariate logistic regression was applied to identify the
significant predictors of MRSA infection by considering
candidate variables with P-values of <0.05 in univariate
analysis. We used backward stepwise selection procedure
for multivariable model, and conducted likelihood ratio test
to determine significance. We gained an ideal prediction
cut-off value that can discriminate the two infection group
by using receiver operating characteristic (ROC) curve for
each predictor, and set cut-off values that satisfied over
80% of both sensitivity and specificity21). A P-value of
<0.05 was considered significant. Statistical analysis was
performed with use of PASW Statistic program (version
18.0; IBM Co., Armonk, NY, USA).

Table 2. Univariate Comparison between MRSA and MSSA Infection Groups

Variable MRSA group (n=36) MSSA group (n=25) P-value

Duration of symptoms (day) .73.2±±90.0 .57.7±±74.2 0.377
Prior hospitalization 17 (47.2) .09 (36.0) 0.730
Previous MRSA infection history 08 (22.2) .2 (8.0) 0.047
Past history possible influence to infection* (%) 82.0 84.4 0.704
Antibiotic use at presentation (%) 63.9 52.0 0.353
Non weight bearing (%) 72.0 50.0 0.086
Body temperature (。C) 037±±0.6 37.1±±0.7. 0.541
Heart rate (bpm) .73.9±±14.4 .85.9±±15.3 0.080
WBC count (×103/μL) .9.6±±4.0 .8.7±±3.0 0.671
Neutrophil rate (%) 76.4±±9.4. .63.4±±10.7 0.002
ANC .6,607.7±±3,958.9 ,5,512.1±±2,698.1 0.655
Hematocrit (%) 35.5±±4.9. ..32±±5.4 0.160
Platelet count (×103/μL) 328.1±±1480 307.7±±94.3. .0.880.
ESR (mm/hr) .79.6±±29.2 .40.2±±19.1 <0.001
CRP (mg/dL) .9.9±±7.8 .2.9±±2.4 <0.001
Duration for second stage reimplantation (day) .60.9±±32.1 47.6±±6.2. 0.012
Duration for normalization of ESR (day) .44.7±±32.6 .39.7±±41.8 0.339
Duration for normalization of CRP (day) .36.7±±25.1 .24.7±±13.6 0.008
Recurrence 05 (13.9) .01 (4.0)0 0.242

Values are presented as mean±standard deviation, number (%), or percent only.
* Diabetes mellitus, hypertension, liver cirrhosis, chronic renal failure.
MRSA: methicillin-resistant Staphylococcus aureus, MSSA: methicillin-sensitive Staphylococcus aureus, WBC: white blood
cell, ANC: absolute neutrophil count, ESR: erythrocyte sedimentation rate, CRP: C-reactive protein.
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RESULTS

Demographic data, underlying disease, and the
duration of symptom didn’t show significant differences
between two groups (Table 2). MRSA group have higher
previous MRSA infection history than MSSA group
(P=0.047). Prior empirical antibiotics usage which can
affect value of laboratory test is not significantly
difference (P=0.353) between two groups. MRSA group
showed significant high neutrophil percentage (%)
(MRSA: mean 76.4±9.4, MSSA: mean 63.4±10.7;
P=0.002), ESR (MRSA: mean 79.6±29.2, MSSA: mean
40.2±19.1; P<0.001), and CRP (MRSA: mean 9.9±7.8,
MSSA: mean 2.9±2.2; P<0.001). MRSA group also
revealed longer duration for normalization of CRP
(MRSA: mean 36.7±25.1 days, MSSA: mean 24.7±
13.6 days; P=0.008), and longer duration for the second
stage revision operation (MRSA: mean 60.9±32.1 days,
MSSA: mean 47.6±6.2 days; P=0.012) than MSSA
group. Vital sign (body temperature, heart rate), WBC
count and duration for normalization of ESR (MRSA:
mean 44.7±32.6 days, MSSA: mean 39.7±41.8 days;
P=0.339) didn’t show significant differences (Table 2).

For the duration of performing the second stage
revision operation between MRSA group and MSSA
group, it took 8.7 weeks in MRSA group, and 6.8 weeks
in MSSA group on average. This difference was
statistically significant (P=0.002) based on 7 weeks
period (Table 3).

At MRSA group, 5 cases (13.9%) were recurred during
follow up period. We conducted two-stage re-revision
operation again for 2 patients and other 2 cases were
treated by only intravenous vancomycin due to poor
general condition. These 2 patients expired by sepsis,
other one case was conducted limb amputation because
of uncontrolled infection despite remove infected total
knee replacement device. Three of 5 cases confirmed
MRSA reinfection at culture test. One case was due to
MRSA and methicillin resistance coagulase negative
staphylococcus (MRCNS) coinfection and 1 case was by

MRCNS pathogen. The mortality rate of MRSA group
examined as 5.6% (2 of 36). In MSSA group, one case
was found as reinfection 8 months after second stage
revision. The pathogen confirmed as MRSA and
conducted second stage revision again. There was no
definite reinfection sign for 26 months follow up.

Multivariable regression analysis conducted targeting
initial laboratory variables for the possibility of
identifying significant predictors of MRSA infection.
Significant differences between the two groups was
found in neutrophil percentage (P=0.002), ESR
(P<0.001), and CRP (P<0.001). We excluded duration
for normalization of CRP and the duration for the second
stage revision operation, because those were not proper
variables for early infection predictors. As a result of
applying ROC curve to the other three variables, they
were located in confidence interval between 0.71 and
0.976, which means all those three variables have
possibility of useful factors to discriminate MRSA and
MSSA. We can set MRSA prediction cut-off value that
satisfied over 80% of both sensitivity and specificity as
a standard. As a result, when ESR was over 63.4 mm/hr
and CRP was over 4.68 mg/dl, infections are more likely
due to MRSA. For neutrophil percentage, we couldn’t
find out point that satisfied over 80% of both sensitivity
and specificity.

DISCUSSION

We analyzed the differences between MSSA and
MRSA infection based on laboratory test and vital signs
that were conducted from patients who had infection after
hip and knee arthroplasty. Neutrophil percentage, CRP,
ESR, the duration for the second stage reimplantation
operation, and the duration for normalization of CRP had
statistically significant differences between the two
groups. Authors thought that the differences came from
higher toxicity of MRSA than that of MSSA, resulting in
representation of higher inflammatory response7-12). In fact
some studies have reported that MRSA infection showed

Table 3. Duration for the Second Stage Reimplantation Based on 7 Weeks

Period for the second stage operation (week)
P-value<7 >7 Average

MRSA (n=36) 06 (16.6) 30 (83.3) 8.7
MSSA (n=25) 14 (56.0) 11 (44.0) 6.8 0.002

Values are presented as number (%).
MRSA: methicillin-resistant Staphylococcus aureus, MSSA: methicillin-sensitive Staphylococcus aureus.
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higher ESR and CRP, and longer period until
normalization of ESR and longer period of intravenous
antibiotics treatment than MSSA infection. MRSA has
higher proportion of Panton-Valentine leukocidin (PVL)
gene which produces PVL material. PVL induces higher
inflammatory response, resulting in high ESR and
CRP11,22,23). This study targeted only patients who were
proved staphylococcal infection. Actually, in case of
patients who used antibiotics before diagnosis, the culture
tests could come out negative. Also treatment of
antibiotics before diagnosis and the period of antibiotic
treatment could affect ESR and CRP results. However, in
this study, whether patients have used antibiotics before
didn’t show significant difference between MRSA
infection group and MSSA infection group (P=0.353). In
recent study, some authors found the possibility of
distinguishing MRSA and MSSA through initial ESR,
CRP at initial stage9,10,24). But ESR, CRP have relative low
specificity and also elevated by other site infection or
inflammation25). So we cannot apply above data to
distinguish MRSA between MSSA directly and need
more study of clinical application.

Spangehl et al.26) reported that CRP usually normalized
within 3 weeks after first stage operation. In our study,
MSSA group which proper antibiotics used from the early
stage normalized CRP at mean 24.7 days (3.5 weeks). On
the other hand, MRSA group showed delaying
normalization of CRP (mean 36.7 days, 5.2 weeks).

In this study, the length of time from the first mobile
articulating spacer insertion to second revision operation
of the MRSA infection group (60.9 days, 8.7 weeks on
average) was significantly longer than MSSA infection
group (47.0 days, 6.8 weeks) (P=0.012). This is because
the culture test and antibiotic sensitivity test are
conducted with clinical specimen gained from
arthrocentesis or from the first mobile articulating
spacer insertion operation, which normally takes a few
days (4-7 days)10). We can interpret that the timing of
administration of proper antibiotics gets delayed, which
leads to longer treatment period to get rid of MRSA
strains having stronger toxicity. Although there is no
established standard for a proper time to perform second
stage reimplantation operation, many studies reported
that it is most desirable to perform second stage
reimplantation operation in 6 weeks after the first
operation on average27-29). Currently, some studies said
that administer 4 to 8 weeks of intravenous antibiotics
followed by a joint aspiration with the patient off of

antibiotics for minimum of two weeks30). In this study,
we performed second revision operation 6.8 weeks later
on average in the MSSA infection group to which
proper antibiotics from the early stage was applied. For
MRSA infection group to which proper antibiotics from
the early stage couldn’t be applied, it took 8.7 weeks
until second revision operation.

In current study, MRSA group have higher recurrence
rate (13.9%) and mortality rate (5.6%) than MSSA group
(4%, 0%) even with statistical insignificant. These findings
are compatible with previous other researches that MRSA
infection showed more complication and higher mortality
rate. Based on above results, we can consider more active
treatment such as early use of vancomycin for specific
condition19,31-33). It would be able to reduce treatment period,
complication rate, hospital cost.

Also we can consider repeated debridement or delayed
second stage revision operation. Still lacking of
evidence about the timing second stage revision, some
authors suggest that much longer antibiotic treatment
period is needed for resistant organism34). But there was
another opinion that prolonged course of antibiotic
therapy seems not to alter the incidence of recurrent or
persistent infection35). Also there are no definite criteria
for repeated debridement. We can evaluate the infection
control status with frozen section at second stage
operation. In current study, there was only one case
which conducted redebridement procedure cause of still
many PML cell under frozen section. But 5 cases of
MRSA and one case of MSSA group recurred. So we
need further study about the criteria of rebridement
procedure and the infection control status such as
interleukin-636), leukocyte esterase37). Furthermore we
need lots of large study about PJI by resistant organism
and design novel new treatment protocol for resistant
organism PJI.

This study has a number of limitations in that it used
retrospective study design, and it has a demerit that there
are not enough cases for each infection strain, so it needs
more supplementation. Also we were not able to
determine genotypes of individual MSSA and MRSA
isolates, which associate with toxicity. We evaluated only
medical history which can affect inflammatory status
(e.g., diabetes mellitus, hypertension, liver cirrhosis, and
chronic renal failure), but it is not enough to consider all
of host immunity factors. We only considered two-stage
revision method due to chronic infection stage. So we
cannot asses other treatment methods. We avoided
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information bias associated with analysis of incomplete
data by excluding patients who had incomplete medical
records. Furthermore, we avoided selection bias
inclusion of patients with inconsistent diagnosis by
excluding patients who did not have an exact, culture-
proven diagnosis of Staphylococcus aureus infection.

CONCLUSION

PJI by MRSA showed frequent previous MRSA
infection history, and higher neutrophil percentage, ESR
and CRP at initial diagnosis. Also MRSA infection
group have longer duration for the normalization of
infection marker, longer treatment period. Furthermore
the recurrence rate of MRSA infection is higher than
those of MSSA infection. Aggressive treatment
including early use of vancomycin, redebridement
procedure should be considered for MRSA infection
following arthroplasty.
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