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A comparative analysis of results between antibiotic therapy
alone and combined with arthroscopic lavage for low-grade
pyogenic arthritis of the knee
Yu-Hun Jung, Woo-Suk Song, Dong-Chan Eun, Sang-Jun Park
Department of Orthopedic Surgery, Bundang Jesaeng General Hospital, Daejin Medical Center, Seongnam, Korea

Background: This study aims to compare the results between antibiotic therapy alone and combined with arthroscopic
lavage in patients with low-grade pyogenic arthritis of the knee.
Methods: Patients with low-grade pyogenic arthritis of the knee were defined as those with symptoms of acute pyogenic
arthritis but with a white blood cell count of 20,000 to 50,000/mm3 in the synovial fluid and a polymorphonuclear neutrophil level of 50% to 90%. We analyzed a total of 124 patients retrospectively. Patients treated using antibiotic monotherapy were categorized as Group A, and those treated using antibiotic therapy combined with arthroscopic lavage, as
Group B. We compared parameters such as the duration of antibiotic injection, length of hospitalization, and recovery
of the range of motion. Clinical outcome, measured as the Lysholm score and the visual analogue scale (VAS) score, was
also compared.
Results: We found that the parameters duration of antibiotic injection, length of hospital stay, and recovery of range of
motion of the knee were significantly better in Group A than in Group B. However, the clinical outcome, denoted by the
Lysholm knee score and the VAS score, did not significantly differ between the two treatment groups.
Conclusion: We conclude that in patients with low-grade pyogenic arthritis of the knee early antibiotic therapy alone
shows more satisfactory results than antibiotic therapy combined with arthroscopic lavage. Thus, our findings suggest
that antibiotic monotherapy should be considered without any adjunct procedures such as arthroscopic lavage.
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INTRODUCTION
Acute pyogenic arthritis of the knee is an infective disorder which breaks out after a microbial invasion into the
articular cavity, which may occur from hematogenous
infection, from direct infection, such as during trauma or
surgery, or from surrounding infected joints [1]. A delay
in its diagnosis and treatment can induce rapid destruction of the joint and thereby permanent articular disability, sometimes causing even death. Having the potential
to become an orthopedic emergency, pyogenic arthritis
thus requires early diagnosis and treatment. Although definitive diagnostic criteria do not exist, pyogenic arthritis
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is usually diagnosed through symptoms, laboratory and
radiologic findings, diagnostic arthrocentesis, and bacterial culture. For instance, acute pyogenic arthritis of the
knee is strongly suggested when the level of white blood
cells (WBCs) is greater than 50,000/mm3 in the synovial
fluid and the level of polymorphonuclear neurophils
(PMNs) is greater than 90% in arthrocentesis findings
[1]. When diagnosed with acute pyogenic arthritis, early
antibiotic therapy should be started immediately and
surgical treatment considered, such as debridement and
lavage [1]. However, therapeutic guidelines for patients
with non-acute pyogenic arthritis of the knee, that is,
with less than 50,000/mm3 of WBCs or less than 90% of
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PMNs, have not been clearly established. Hence, we defined a subclass of pyogenic arthritis—sub-acute or lowgrade pyogenic arthritis—as a WBC count of 20,000 to
50,000/mm3 in the synovial fluid or a PMN level of 50% to
90%. We compared the results between antibiotic therapy
alone and antibiotic therapy combined with arthroscopic
lavage in patients diagnosed with low-grade pyogenic
arthritis of the knee. We hypothesized that the results of
antibiotic monotherapy would not be inferior to those of
antibiotic therapy combined with arthroscopic lavage.

METHODS
Subjects of study
Patients with suspected acute pyogenic arthritis of the

knee were selected. The patients had been experiencing
symptoms such as pain, tenderness, swelling, hot flushes,
fever and limitation of motion. And laboratory findings
revealed increased levels of WBC, erythrocyte sedimentation rate (ESR), and C-reactive protein (CRP). Patients
with a WBC count in the synovial fluid between 20,000
and 50,000/mm3 and a PMN level between 50% and 90%
were diagnosed as having low-grade pyogenic arthritis of
the knee. The selection criteria were as follows: patients
who received treatment via the outpatient department or
the emergency medical center at our hospital and those
who were followed-up for more than one year between
March 2010 and September 2015 (the total follow-up period spanned 5 years and 6 months). However, patients
with severe arthritis (greater than KL grade IV ), with

Table 1. General characteristics and clinical feature

Sex

sWBC 20,000–30,000/mm3

sWBC 30,000–40.000/mm3

sWBC 40,000–50,000/mm3

Group A1

Group B1

Group A2

Group A3

Group B3

Men

11

7

15

8

8

7

Women

11

9

20

13

10

5

Total

18

12

57.32

60.38

61.12

63.67

60.59

62.23

S. aureus

-

1

4

-

2

2

MRCNS

1

1

2

1

1

-

MRSA

-

-

-

-

-

1

E. coli

2

-

2

1

2

1

P. aeruginosa

-

-

-

1

-

K. pneumoniae

-

-

-

1

-

-

3 (13.6)

2 (12.5)

8 (22.9)

5 (27.8)

4 (33.3)

Mean age (yr)
Blood culture

Total
Joint fluid culture

Clinical feature

22

16

35

Group B2

21

4 (19.0)

S. aureus

-

1

4

-

2

MRCNS

1

1

2

1

1

-

MRSA

-

-

-

-

-

1

E. coli

1

-

2

1

-

1

P. aeruginosa

-

-

-

1

-

K. pneumoniae

-

-

-

-

-

2

-

Total

3 (13.6)

2 (12.5)

8 (22.9)

3 (14.3)

5 (27.8)

4 (33.3)

Pain

17 (77.3)

15 (93.8)

35 (100)

20 (95.2)

14 (77.8)

10 (83.3)

Tenderness

14 (63.6)

11 (68.8)

25 (71.4)

16 (76.2)

6 (33.3)

8 (66.7)

Swelling

13 (59.1)

12 (75.0)

33 (94.3)

21 (100)

15 (83.3)

12 (100)

Fever
Heating sense
LOM

6 (27.3)

3 (18.8)

4 (11.4)

7 (33.3)

4 (22.2)

7 (58.3)

11 (50.0)

16 (100)

32 (91.4)

20 (95.2)

16 (88.9)

12 (100)

8 (36.4)

12 (75.0)

23 (65.7)

16 (76.2)

2 (11.1)

6 (50.0)

Values are presented as number only, mean only, or number (%).
Group A, antibiotic monotherapy; Group B, antibiotic therapy combined with arthroscopic lavage; Group 1, a sWBC count between 20,000 and 30,000/
mm3; Group 2, a sWBC count between 30,000 and 40,000/mm3; Group 3, a sWBC count between 40,000 and 50,000/mm3.
sWBC, synovial fluid white blood cell; S. aureus , Staphylococcus aureus ; MRCNS, methicillin-resistant coagulase-negative staphylococci; MRSA, methicillin-resistant Staphylococcus aureus ; E. coli , Escherichia coli ; P. aeruginosa , Pseudomonas aeruginosa ; K. pneumoniae , Klebsiella pneumoniae ; LOM,
limitation of motion.
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reactive arthritis (such as rheumatoid arthritis), or with
gout or pseudogout were excluded. Patients older than
70 years, diabetic patients who take insulin, and patients
under dialysis were also excluded. The final study population for this retrospective analysis composed of 124
patients. These patients were grouped in terms of treatment method and the WBC count. In terms of treatment,
79 patients treated by antibiotic therapy alone were categorized as Group A, and 45 patients treated by antibiotic
therapy combined with arthroscopic lavage, as Group B,
non-randomly by two surgeons. The patients were further
subcategorized in terms of WBC count in the synovial
fluid: 38 patients with a WBC count between 20,000 and
30,000/mm3 were defined as Group 1; 56 patients with a
WBC count between 30,000 and 40,000/mm3, as Group
2; and 30 patients with a WBC count between 40,000 and
50,000/mm3, as Group 3 (Tables 1, 2).

Treatment
Group A was administered intravenous antibiotics, which
was modified according to results of bacterial culture and
susceptibility testing. On the day of hospitalization, a cylinder splint was applied, which was removed once acute
pain resolved and continuous passive motion (CPM) was
started. The splint was not applied for more than 6 days.
Group B received arthroscopic lavage on the day of hospitalization. A total of 5 portals were used (anterolateral,
anteromedial, superolateral, posteromedial, and posterolateral) with the patient under general or spinal anesthesia. We removed any pathogenic synovium, using at
least 12,000 mL of normal saline. Postoperatively, a drainage tube was inserted and a cylinder splint was applied.
When the volume of daily drainage became less than

20 mL, we removed the drainage tube. The duration of
drainage did not exceed 6 days. After removal of the cylinder splint and drainage tube, CPM was begun. In both
groups, ESR and CRP were measured twice a week, and
antibiotics were administered until CRP levels were normalized (to less than 0.8 mg/dL). Whenever the volume
of joint fluid increased, arthrocentesis was performed.

Assessments
We compared the duration of antibiotic injection, the
length of hospital stay, and recovery of range of motion
(ROM) between the two treatment groups. A restored
ROM was defined as an ROM of the affected side within
the range of the healthy contralateral site. In addition,
we measured the Lysholm score and the visual analogue
scale (VAS) score at four time-points: on the day of admission, and at 1 month, 3 months, and 12 months of
operation.
We compared symptoms, laboratory findings, and arthrocentesis findings from the day of admission through
the chi-square test and independent samples t-test. We
compared the duration of antibiotic injection, length of
hospital stay, recovery of ROM, the Lysholm score, and
the VAS score through the independent samples t-test.
IBM SPSS Statistics ver. 20 (IBM Co., Armonk, NY, USA)
was used for the statistical analysis. Statistical significance was set to a P-value below 0.05.

RESULTS
We did not observe significant differences in symptoms,
laboratory findings, and arthrocentesis findings between
the two groups at the point of admission. Groups A1 and

Table 2. Laboratory finding

Joint fluid

sWBC 20,000–30,000/mm3

sWBC 30,000–40.000/mm3

sWBC 40,000–50,000/mm3

Group A1

Group B1

Group A2

Group B2

Group A3

Group B3

23,433 ± 2,750

24,690 ± 2,922

35,498 ± 472

36,109 ± 673

45,111 ± 3,101

45,700 ± 2,938

81.7 ± 6.2

81.5 ± 6.9

83.1 ± 4.8

85.0 ± 4.7

84.6 ± 6.1

83.3 ± 6.5

115.5 ± 45.7

119.2 ± 52.4

91.7 ± 40.6

92.5 ± 34.3

102.6 ± 100.1

91.8 ± 60.2

4.6 ± 2.4

4.3 ± 1.3

4.5 ± 1.1

4.7 ± 1.3

4.3 ± 0.9

4.8 ± 1.7

ESR (mm/h)

68.6 ± 42.3

65.7 ± 38.5

66.2 ± 38.0

78.3 ± 36.2

43.7 ± 36.6

36.6 ± 22.4

CRP (mg/dL)

7.8 ± 6.8

8.3 ± 7.7

8.9 ± 5.6

8.7 ± 5.5

9.6 ± 5.8

10.0 ± 2.6

85.5 ± 25.7

89.2 ± 22.2

81.6 ± 22.6

82.5 ± 16.3

82.6 ± 20.1

81.8 ± 20.2

3

sWBC (/mm )
PMN (%)
Glucose (mg/dL)
Total protein (g/dL)

Peripheral blood

Glucose (mg/dL)

Values are presented as mean±standard deviation.
Group A, antibiotic monotherapy; Group B, antibiotic therapy combined with arthroscopic lavage; Group 1, a sWBC count between 20,000 and 30,000/
mm3; Group 2, a sWBC count between 30,000 and 40,000/mm3; Group 3, a sWBC count between 40,000 and 50,000/mm3.
sWBC, synovial fluid white blood cell; PMN, polymorphonuclear neurophil; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein.
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Table 3. Time to normalization of C-reactive protein, time of antibiotics application, hospitalization days, time to normalization of ROM
sWBC 20,000–30,000/mm3

sWBC 30,000–40.000/mm3

sWBC 40,000–50,000/mm3

Group A1

Group B1

P-value

Group A2

GroupB2

P-value

Group A3

Group B3

P-value

Antibiotics (day)

17.2 ± 9.1

19.3 ± 5.9

0.033

18.9 ± 10.0

20.9 ± 14.4

0.043

20.3 ± 10.5

21.7 ± 7.3

0.124

Hospitalization (day)

19.3 ± 8.8

20.3 ± 13.2

< 0.001

20.6 ± 9.9

22.6 ± 16.6

0.028

22.1 ± 12.4

22.3 ± 12.6

0.062

2.5 ± 1.2

3.1 ± 1.4

0.043

2.7 ± 1.0

3.1 ± 1.0

0.042

2.8 ± 0.7

3.3 ± 0.6

0.018

ROM (mo)

Values are presented as mean±standard deviation.
Group A, antibiotic monotherapy; Group B, antibiotic therapy combined with arthroscopic lavage; Group 1, a sWBC count between 20,000 and 30,000/
mm3; Group 2, a sWBC count between 30,000 and 40,000/mm3; Group 3, a sWBC count between 40,000 and 50,000/mm3.
ROM, range of motion; sWBC, synovial fluid white blood cell.
Table 4. Lysholm knee score
sWBC 20,000–30,000/mm3

sWBC 30,000–40.000/mm3

sWBC 40,000–50,000/mm3

Group A1

Group B1

P-value

Group A2

Group B2

P-value

Group A3

Group B3

P-value

Admission

39.4 ± 6.7

37.7 ± 9.7

0.551

40.7 ± 9.1

38.0 ± 7.7

0.248

35.4 ± 7.8

36.5 ± 6.4

0.700

1 mo

63.5 ± 4.2

59.7 ± 7.0

0.059

59.9 ± 6.3

58.6 ± 6.5

0.464

59.3 ± 7.7

57.2 ± 8.4

0.781

3 mo

76.3 ± 4.3

75.6 ± 4.3

0.567

76.9 ± 4.7

76.1 ± 3.8

0.362

73.9 ± 4.4

73.2 ± 4.1

0.655

12 mo

86.8 ± 3.6

86.7 ± 3.0

0.903

86.1 ± 2.1

85.2 ± 2.6

0.177

84.3 ± 4.1

82.8 ± 3.4

0.291

Values are presented as mean±standard deviation.
Group A, antibiotic monotherapy; Group B, antibiotic therapy combined with arthroscopic lavage; Group 1, a sWBC count between 20,000 and 30,000/
mm3; Group 2, a sWBC count between 30,000 and 40,000/mm3; Group 3, a sWBC count between 40,000 and 50,000/mm3.
sWBC, synovial fluid white blood cell.
Table 5. Visual analogue scale score
sWBC 20,000–30,000/mm3

sWBC 30,000–40.000/mm3

sWBC 40,000–50,000/mm3

Group A1

Group B1

P-value

Group A2

Group B2

P-value

Group A3

Group B3

P-value

Admission

9.0 ± 0.8

9.2 ± 0.8

0.385

9.2 ± 0.8

8.9 ± 0.7

0.220

9.1 ± 0.8

9.2 ± 0.7

0.842

1 mo

3.6 ± 1.1

4.9 ± 1.2

0.088

4.3 ± 0.9

5.2 ± 1.3

0.724

4.7 ± 0.7

5.7 ± 0.8

0.578

3 mo

1.6 ± 0.7

1.3 ± 0.6

0.278

1.9 ± 0.8

1.8 ± 1.0

0.758

2.3 ± 0.8

2.2 ± 0.7

0.122

12 mo

0.9 ± 0.5

0.8 ± 0.4

0.543

1.1 ± 0.5

1.1 ± 0.2

0.586

1.2 ± 0.4

1.5 ± 0.5

0.141

Values are presented as mean±standard deviation.
Group A, antibiotic monotherapy; Group B, antibiotic therapy combined with arthroscopic lavage; Group 1, a sWBC count between 20,000 and 30,000/
mm3; Group 2, a sWBC count between 30,000 and 40,000/mm3; Group 3, a sWBC count between 40,000 and 50,000/mm3.
sWBC, synovial fluid white blood cell.

A2 were associated with fewer days of antibiotic injection
and hospitalization than Group B1 and B2 with statistical
significance. However, Groups A3 and B3 were not significantly different in terms of any measured parameters.
In terms of ROM recovery, the antibiotic monotherapy
group showed significantly faster recovery than the arthroscopic lavage group, irrespective of the patient’s WBC
count (Table 3). The Lysholm score and the VAS score at
the point of admission and at 1 month, 3 months, and
12 months after treatment did not significantly differ
between the two groups (Tables 4, 5). A total of three patients who did not complete the follow-up examinations
were analyzed as outliers. Further, the CRP level in one
patient did not normalize during the period of the study,
and in another the treatment method changed because
www.e-aosm.org

of the patient’s general condition.

DISCUSSION
Early diagnosis and proper management of acute pyogenic arthritis of the knee is important. And a failure in
treatment is associated with a high mortality rate and
with complications such as osteomyelitis, bone necrosis,
secondary arthritis, and rigidity of the joint [1]. Shirtliff
and Mader [2] reported that a delayed diagnosis of acute
pyogenic arthritis of the knee or its mal-management can
lead to irreversible damage of joints in 10% to 73% of patients. They also reported that the mortality rate of acute
pyogenic arthritis is 5% to 20%.
Many studies have investigated the diagnosis of acute
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pyogenic arthritis of the knee. For instance, Mathews et
al. [3] reported that the most important diagnostic criterion, based on experiences from surgeons, for acute
pyogenic arthritis is a clinically suspicious finding in
a physical examination. Weston et al. [4] reported that
swelling with restricted motion, tenderness, and hot
flushes may be indicative of acute pyogenic arthritis
and should not be ruled out until the final diagnosis. In
their study, Carpenter et al. [5] reported that fever was
observed in all patients with acute pyogenic arthritis of
the knee. But Ateschrang et al. [6] and Carpenter et al.
[5] argued that laboratory testing by itself is not an accurate diagnostic tool for acute pyogenic arthritis because
although the levels of ESR, CRP, and synovial fluid WBC
are generally increased in these patients sometimes the
patients may be asymptomatic.
Arthrocentesis findings are important diagnostic markers for acute pyogenic arthritis of the knee, but a definitive diagnostic criterion for the WBC count in the synovial
fluid is yet to exist. In a retrospective analysis by Coutlakis
et al. [7], it was found that 44% to 77% of patients with a
WBC count of 50,000 to 100,000/mm3 in the synovial fluid
had acute pyogenic arthritis. But because this does not
exclude individuals with WBC count lower than 50,000/
mm3 from having acute pyogenic arthritis, Carpenter et
al. [5] suggested general symptoms, as well as the WBC
count, should be considered when diagnosing this disease. And they reported that individuals are likely to have
acute pyogenic arthritis of the knee if their synovial fluid
WBC count lies between 25,000 and 50,000/mm3 and the
cell culture returned a positive result. So when patients
presented with a WBC count within this range, additional
examinations in combination with experimental antibiotics should be conducted until the final diagnosis.
There are no accurate criteria for selecting an antibiotic
regimen for acute pyogenic arthritis of the knee. Stengel
et al. [8] did not observe a clinical difference between single antibiotics and two or more antibiotics. Mathews et
al. [3] said that the best management for acute pyogenic
arthritis is using antibiotics appropriate for the bacteria
identified from athrocentesis. As in our study, a UK study
[6] used 1st or 2nd generation cephalosporin for Staphylococcus aureus , 2nd or 3rd generation cephalosporin for
Escherichia coli , and vancomycin for methicillin-resistant
S. aureus or methicillin-resistant coagulation-negative S.
aureus . A number of results have investigated the ideal
duration of antibiotic administration: generally, antibiotics are administered for 4 weeks in IV and for a further 2
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weeks if S. aureus , Gram negative bacillus, or anaerobic
bacteria are detected. However, antibiotic administration
should last 6 to 12 weeks for fungal infections [1]. Besides,
Kim et al. [9] and Chung et al. [10] reported that for CRP
level to normalize antibiotics should be administered
for 7 to 21 days, compared to Le Dantec et al. [11] who
reported it to be 6 to 12 weeks. Furthermore, Jeon et al.
[12] reported that, in case of failed primary arthroscopic
operation, they administered 2 to 3 weeks of IV antibiotics with additional oral antibiotics regardless of CRP normalization. Mathews et al. [3] also suggested that a longer
administration of 8 to 10 weeks of antibiotics should be
done with operative treatment. In our study, we administered on average 19 days of IV antibiotics without additional oral antibiotics. From admission to discharge,
as well as during outpatient’s visits, the CRP level was
measured periodically, which was within normal range in
every patient.
Operative management of acute pyogenic arthritis of
the knee reduces intraarticular pressure and removes inflamed or necrotic tissue to prevent irreversible damage
of the knee joint. Various methods of operative management exist such as repeated arthrocentesis, arthrotomy,
synovectomy, and arthroscopic debridement for acute
pyogenic arthritis of the knee. However, Mathews et al.
[3] reported that there are no prospective studies on
the operative management of acute pyogenic arthritis
and that controversy exists as to their relative superiority over one another. Balabaud et al. [13] suggested that
arthroscopic debridement should be performed preferentially and synovectomy only when synovial thickening
of Gachter stage III or IV exists. Wirtz et al. [14] reported
that lavage and decompression was associated with localized inflammation in the joint space and suggested
that arthrotomy and synovectomy, as opposed to lavage
and decompression, is a better alternative in instances
of severe inflammation of the capsule. Yet Dave et al. [15]
reported that the former method is becoming more and
more common as of recent. Compared to arthrotomy, arthroscopic surgery offers more effective decompression,
whilst lavage offers a greater reduction of arthrofibrosis
after surgery and therefore improved mobility. Peres et al.
[16] reported that for decompression and synovectomy,
the arthroscopic approach led to better results in terms of
pain and re-infection than arthrotomy.
In this study, the group treated with antibiotic therapy
with concomitant arthroscopic lavage showed worse outcomes than the antibiotic monotherapy group in terms
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of the duration of antibiotic injection, the length of hospital stay, and the recovery of knee ROM. These findings
suggest that in patients with a WBC count of 20,000 to
40,000/mm3 in the synovial fluid surgical treatment may
unnecessarily extend antibiotic treatment by causing
secondary inflammation. It may also delay the recovery
of ROM by inducing pain and arthrofibrosis.
On the other hand, the type of treatment (monotherapy
or therapy combined with arthroscopic lavage) in patients with WBC count of 40,000 to 50,000/mm3 in the
synovial fluid did not lead to significant differences in
parameters. These results suggest that patients with more
severe inflammation—that is those with more acute pyogenic arthritis—show better outcomes after arthroscopic
lavage than those with less inflammation and less acute
pyogenic arthritis.
Among those who received early conservative management, two patients had an elevated CRP level and a WBC
count above 50,000/mm3, so they were excluded from the
study. Because symptoms can exacerbate even after antibiotic therapy is begun, we conducted repeated laboratory and arthrocentesis testing to observe for any changes
in symptoms. Wirtz et al. [14] reported that the failure rate
of early arthroscopic surgery can be up to 10%. And Vispo
Seara et al. [17], Stutz et al. [18], and Gachter [19] reported
the rate of revision arthroscopic surgery to be up to 41%,
which was influenced by factors such as severity and du-

ration between onset of symptoms and operation. In this
study, we also observed a single patient who did not show
progression of clinical symptoms despite arthroscopic lavage but rather showed continuously elevating CRP and
WBC levels. This patient received reoperation on the sixth
postoperative day and was excluded from the study.
In the absence of clear diagnostic criteria and of the
treatment of choice, this study is meaningful in that it is
the first study to work towards developing them. However, as a retrospective analysis and with potential selection bias in term of treatment allocation of patients, this
study has limitations that restrict its significance.
Because antibiotic therapy alone has shown more satisfactory results than antibiotic therapy combined with
arthroscopic lavage in patients with low-grade arthritis
of the knee, we suggest that antibiotic monotherapy is
chosen preferentially over therapy combined with arthroscopic lavage in these subset of patients. However,
a close observation for any changes in symptoms and in
CRP and WBC levels in the synovial fluid via repeated arthrocentesis is still required.
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