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 � Upper extremity arthritis in children can be treated with 
joint aspiration, arthroscopy or arthrotomy, followed by 
antibiotics. The literature seems inconclusive with respect 
to the optimal drainage technique. Therefore, the objec-
tive of this systematic review was to identify the most 
effective drainage technique for septic arthritis of the 
upper extremity in children.

 � Two independent investigators systematically searched 
the electronic MEDLINE, EMBASE and Cochrane databases 
for original articles that reported outcomes of aspiration, 
arthroscopy or arthrotomy for septic arthritis of the paedi-
atric shoulder or elbow. Outcome parameters were clini-
cal improvement, need for repetitive surgery or drainage, 
and complications.

 � Out of 2428 articles, seven studies with a total of 171 
patients treated by aspiration or arthrotomy were included 
in the systematic review. Five studies reported on shoulder 
septic arthritis, one study on elbow septic arthritis, and one 
study on both joints. All studies were retrospective, except 
for one randomized prospective study. No difference was 
found between type of treatment and radiological or clini-
cal outcomes. Aspiration of the shoulder or elbow joint 
required an additional procedure in 44% of patients, while 
arthrotomy required 12% additional procedures.

 � Conclusion: Both aspiration and arthrotomy can achieve 
good clinical results in children with septic arthritis of the 
shoulder or elbow joint. However, the scientific quality 
of the included studies is low. It seems that the first pro-
cedure can be aspiration and washout and start of intra-
venous antibiotics, knowing that aspiration may have a 
higher risk of additional drainage procedures.
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Introduction
Septic arthritis is an acute infection of the joint that occurs 
most commonly in young children. The infection is mainly 
monoarticular, and is frequently localized in the knee 
and hip joints, while it is less frequent in the joints of the 
upper extremity. The incidence of septic arthritis is 2–7 
per 100,000 children in Europe.1,2 The child is suscepti-
ble because the joint can be infected by haematogenous 
inoculation through the transphyseal vessels, spread of 
infection of the adjacent metaphysis, or direct inoculation 
from trauma or surgery.3

Acute septic arthritis is a condition with the potential 
for joint destruction, physeal damage, osteonecrosis, sys-
temic illness and even death, which warrants urgent iden-
tification and treatment.1–3 Staphylococcus aureus is the 
most commonly cultured organism, followed by Kingella 
kingae and Group A Streptococcus, depending on the age 
of the child.1,4

Septic arthritis in children should be treated with joint 
drainage by aspiration (arthrocentesis), arthroscopy or 
arthrotomy followed by intravenous antibiotics, accord-
ing to the guideline of the European Society for Paediat-
ric Infectious Diseases (ESPID).1 However, the literature 
is scarce with respect to the optimal drainage technique 
in children with septic arthritis. Therefore, the aim of this 
study was to systematically review the literature concern-
ing the optimal drainage technique for children with sep-
tic arthritis of the upper extremity joints.

Material and methods
Study design

This systematic review was performed in accordance with 
the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) guidelines.5 The study was 
registered in the International Prospective Register of 
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Systematic Reviews (PROSPERO) at https://www.crd.
york.ac.uk/PROSPERO/ under registration number CRD42 
018117795.

Literature search and study selection

Three online medical databases (PubMed, Embase, and 
the Cochrane database for clinical trials) were searched 
on 24 August 2019 using the following keywords: septic 
arthritis, child, aspiration, arthroscopy, arthrotomy and 
their synonyms, each fitted for the specific databases. Full 
search details are available in Appendix I. Two independ-
ent reviewers (AS and CD) screened titles, abstracts and 
full texts to identify potentially relevant articles. Addi-
tionally, the reference lists of the included articles were 
manually checked to avoid missing relevant articles. Stud-
ies were not blinded for author, affiliation, or source. Any 
disagreement was resolved by discussion and consensus 
among the authors.

Inclusion and exclusion criteria

All included articles presented original data on paediatric 
patients who had septic arthritis. Studies were included if 
they were written in English, French, German or Dutch and 
reported on a minimum of five patients under 18 years of 
age. The diagnosis of acute septic arthritis had to fulfil at 
least one of the following criteria: (1) A positive culture of 
the joint fluid; (2) Pus aspirated from the joint; (3) White 
blood cell count in the joint fluid > 50,000/mm3; (4) Posi-
tive gram stain. Reviews, letters to the editor, case reports, 
expert opinions and surgical technique articles were 
excluded. When different joints or patients with (concomi-
tant) osteomyelitis were included without separate analy-
sis, studies were also excluded from further analysis.

Data extraction

The following parameters were recorded when available: 
numbers of patients, sex, age, type of treatment (aspira-
tion, arthroscopy, arthrotomy), and delay in treatment. 
Relevant outcome parameters included the duration of 
follow-up, need for repetitive drainage or surgery, com-
plications seen on radiography and clinical complications.

Methodological quality

To assess the risk of bias, the Methodological Index for 
Non-Randomized Studies (MINORS) was used.6 MINORS 
is a validated and established index for evaluating the 
methodological quality of non-randomized studies. The 
index involves 12 criteria for comparative studies, of which 
eight criteria have been designed for non-comparative stud-
ies. These items were scored according to the set criteria: 0 
(not reported), 1 (reported but inadequate), or 2 (repor-
ted and adequate). The maximum score for comparative  
studies was 24, and the maximum for non-comparative 
studies was 16. Two reviewers independently evaluated 

each study according to the MINORS index, and the mean 
of these calculations was described.

To assess risk of bias for randomized trials, the Cochrane 
Collaboration tool was used. Bias was assessed as a judg-
ment (high, low or unclear) for individual elements from 
five domains (selection, performance, attrition, reporting 
and other).7

Outcome measures and analysis

The outcome measures were clinical improvement, need 
for repetitive surgery or drainage, and complications. 
Descriptive data are presented in this review. Due to the 
heterogeneity of the data it was not possible to perform a 
meta-analysis and therefore no statistical tests were applied.

Results
Selection process

The search yielded a total of 2428 articles, including 1125 
PubMed hits, 1241 Embase hits, and 62 Cochrane data-
base hits. Duplicates were removed (n = 529) and 1899 
articles were screened by title and abstract. A total of 210 
studies were selected for full-text screening, of which 182 
articles were excluded. Another 21 studies were excluded 
because they did not include (enough) patients with septic 
arthritis of any upper extremity joint. Seven articles were 
included in this review; five reported on the shoulder, one 
on the elbow, and one on both joints. The cross-reference 
check of the included studies did not result in additional 
relevant articles. A flowchart is presented in Fig. 1.

Methodological quality and risk of bias

The MINORS index was applied to all selected non- 
randomized articles and was generally low (median, 4; 
range 3–5). The major limitations on the methodology of 
the selected studies were non-calculated or small sample 
size, retrospective design, and no unbiased assessment of 
endpoints.

Shoulder

Six studies included patients with septic arthritis of 
the shoulder.8–13 Overall, 142 patients were included 
with a weighted mean follow-up of 48 months (range, 
6–168 months). The study characteristics are described 
in Table 1. One randomized study compared aspiration 
and arthrotomy.8 Four studies described patients who 
were treated with aspiration.9–12 In one study, patients 
were treated using arthrotomy.13 None of the studies 
used arthroscopy.

Ernat et al included 22 patients with septic arthritis of 
the shoulder treated using arthrotomy. In eight patients, 
cultures were negative; therefore, these patients were not 
included in the present analysis.13 Lejman et al retrospec-
tively reviewed 46 shoulders in 42 patients. Thirty-eight 
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shoulders were treated with aspiration. Eight joints were 
not drained but were diagnosed radiographically dur-
ing follow-up. All 46 shoulders were analysed together in 
the original article.10 An attempt was made to contact the 
author, unfortunately without a response. All studies used 
additional antibiotics.

Need for repetitive surgery or drainage

In 90 of the 142 patients an aspiration was performed 
primarily.8–12 In 41 of these patients (46%), an additional 
procedure was performed (two or more aspirations were 
performed in 36 patients and five patients underwent an 
arthrotomy).8–11 Forty-four of the 142 patients underwent 
a primary arthrotomy, in seven (16%) of these patients 
one (n = 5) or more (n = 2) additional arthrotomies (one 
patient had a total of three arthrotomies and another had 
five) were performed.8,13

Clinical results

Smith et al described that most shoulders had full 
range of motion. They found no significant differences 
between the arthrotomy and aspiration groups after a 
maximum of one year follow-up.8 Herndon et al and 
Griffet et al found that patients had no pain and no 
complaints.9,12 In the study by Lejman et al, six patients 
had continuing pain. The range of motion in this study 
was found to be reasonable, without significant differ-
ences between the groups with no, one or more aspira-
tions in the study.10

Bos et al discovered that if treatment was initiated 
within two days there was full range of motion, whereas 
when the diagnosis was delayed, loss of external rotation 
of 10 to 20° was found.11 No other analysis according to 
duration of symptoms was possible with the data given in 
the studies.9,11,12

Records identified through
database searching

(n = 2428)

- Medline: n = 1125
- Embase: n = 1241

- Cochrane library: n = 62 
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Additional records identified
through other sources

(n = 0)

Records after duplicates removed
(n = 1899)

Records screened
(n = 1899)

Records excluded
(n = 1690)

Full-text articles assessed 
for eligibility

(n = 210)

Full-text articles excluded,
with reasons
(n = 203)

- Number less than five: 21
- Not fulfilled septic arthritis
  criteria: 94
- No sub-analysis: 29
- Data incomplete: 26
- No shoulder/elbow: 22
- Only abstract: 2
- No full text available: 8

Studies included in 
qualitative synthesis

(n = 7)

Fig. 1 Flowchart selection process.
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Radiological results

Smith et al found in 70% of patients evidence of damage 
to the glenohumeral joint, with higher chance of changes 
in the arthrotomy group (but this was not statistically 

significant).8 Herndon et al and Griffet et al found normal 
radiographs.9,12 The other four studies found bony changes 
on radiographs in 70–93% of patients (including avascu-
lar necrosis, lucencies, and cortical irregularities).8,10,11,13 

Table 1. Studies including shoulder joints

Study Study design Number 
of joints

Age (range) Duration 
of 
symptoms

Total 
delay

Follow-up 
(range)

Treatment Additional 
treatment

Duration 
antibiotic 
treatment 
(range)

Clinical 
outcome

Radiographic 
outcome

MINORS

Herndon  
et al, 19869

Retrospective 5 24 m
(1–156 m)

< 6 d nm 37 m
(12–68 m)

Aspiration Arthrotomy
(n = 2)

nm No pain, no 
complaints

All normal 4/16

Lejman  
et al, 
199510

Retrospective 46 2 m
(0–18 m)

nm nm 82 m
(16–253 m)

Aspiration (n 
= 38) 

No treatment 
(n = 8)

Multiple 
aspirations (n 
= 33)
Arthrotomy 
(n = 1)

60 d
(14–180 d)

n = 6 
continuing 
pain
Mean flexion 
148° (range 
30–180)
Mean 
extension 47° 
(range 0–90)
Mean 
abduction 
152° (range 
40–180)
Mean external 
rotation 62° 
(range 0–90)
Mean internal 
rotation 57° 
(range 0–85)

In 85% 
radiographic 
changes 
proximal 
humeral 
metaphysis. 
Only 7% 
of humeral 
heads 
appeared 
totally 
normal.
Mean 2.4 
cm humeral 
length 
discrepancy 
(range 0–9 
cm).

3/16

Bos et al, 
199811

Retrospective 10 0–2 m 0–7 d nm 168 m
(132–180 m)

Aspiration one 
or multiple (n 
= 10)

Arthrotomy 
(n = 2)

90 d
(60–100 d)

Diagnosis < 2 
d: full range 
of motion
Diagnosis 
> 2 d: loss 
of external 
rotation 
10–20°

Diagnosis 
< 2 d: less 
radiographic 
changes, 
no length 
discrepancies
Diagnosis > 
2 d: more 
radiographic 
changes, 
shorter 
humeral 
length (n = 5)

3/16

Smith et al, 
20028

Randomized 
prospective

61 8 m nm 7 d 6 m (1.5–12 
m)

Aspiration1 (n 
= 31)
Arthrotomy (n 
= 30)

Aspiration (n 
= 3)
Arthrotomy 
(n = 1)

42 d
(first 48 h 
intravenous)

Most 
shoulders 
full range of 
motion

Radiographs 
(of 54% of 
patients) after 
6 months 
showed in 
70% evidence 
of damage 
to the 
glenohumeral 
joint, with 
more chance 
of changes 
in the 
arthrotomy 
group (odds 
ratio 1.56, 
difference was 
not statistically 
significant)

na

Griffet et 
al, 201112

Retrospective 6 53 m
(1–96 m)

3 d (1–5 d) nm 23 m
(12–36 m)

Aspiration + 
lavage system 
for 3–5 d

No 8–10 d 
intravenous, 
then oral

No pain, 
no other 
complaints

Normal 
radiographs

5/16

Ernat et al, 
201713

Retrospective 14 43 m
(0–168 m)

nm 1 d
(0–15 d)

nm Arthrotomy Arthrotomy (n 
= 6):
N = 4 2x
N = 1 3x
N = 1 5x

Average 20 d 
intravenous, 
follow by an 
average of 32 
d oral

nm 9 of 11 
available 
radiographs 
at follow-
up show 
abnormalities

5/16

Note. d, days; m, months; nm, not mentioned; n = number of patients; na, not applicable; MINORS, Methodological Index for Non-Randomized Studies.
1Using a widebore needle (14 G) and an anterior approach until no more pus could be removed.
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Bos et al described that if treatment was initiated within 
two days, there were less radiographic changes and no 
arm length discrepancies compared to diagnosis after two 
days.11 Lejman et al found humeral length discrepancies 
from 0 to 9 cm.10

Complications

None of the included studies reported on complications.

Elbow

Two studies included patients with septic arthritis of the 
elbow.9,14 In these studies 29 patients were included 
with a weighted mean follow-up of 49 months (range, 
37–60 months). The study details are described in Table 2. 
Herndon et al studied 14 elbow joints treated by joint 
aspiration.9 Kaziz et al performed a lateral arthrotomy 
in 15 patients after aspiration identified cases with pre-
sumed septic arthritis of the elbow.14

Need for repetitive surgery or drainage

In the study by Herndon et al, the joints that did not 
respond to aspiration underwent arthrotomy, which was 
done in five of the 14 elbow joints.9 Kaziz et al did not 
perform repetitive surgeries.14

Clinical results

Herndon et al described there were no unsatisfactory clini-
cal or radiographic results, regardless of the technique 
used.9 Kaziz et al found a mean Morrey Elbow Performance 
Score (MEPS) of 86 points (excellent in eight cases, good 
in three cases, fair in two cases, and poor in two cases) 
after two to eight years of follow-up. Three cases of elbow 
stiffness were identified; one with concomitant osteomy-
elitis, one after pinning of a supracondylar fracture, and 
one with previous extension deficit in concomitant sickle 
cell disease.14 Both studies mentioned the duration of 
symptoms, and Kaziz et al described these data for every 
individual patient. However, no firm conclusion could me 
made about the relation between the duration of symp-
toms and the functional outcome.

Radiological results

Herndon et al found normal radiographs.9

Complications

Kaziz et al concluded that no specific complications such 
as growth disturbance or elbow arthritis were revealed, 
and that no revision surgery was requested.14

Discussion
This systematic review shows that both aspiration and 
arthrotomy can achieve good clinical results in the treat-
ment of septic arthritis of the shoulder or elbow joint. 
However, most of the included studies showed radiologi-
cal abnormalities in the majority of patients during the 
follow-up period. In case of aspiration of the joint, there 
is a higher chance/risk of an additional procedure (in the 
majority of patients a second aspiration) compared to an 
arthrotomy. This difference (44% after aspiration versus 
12% after arthrotomy) can mainly be attributed to the 
high percentage of additional treatment in the study of 
Lejman et al.10

Aspiration has the advantage of being a minimally inva-
sive, safe and short procedure with faster return to nor-
mal activity, but has a possibly higher risk of ineffectively 
drainage of the viscous pus. Arthroscopy can give a good 
overview of the joint with the possibility of more extensive 
washout. However, it is technically more demanding, and 
the surgeon must be experienced in performing arthros-
copies of the affected joint. With an arthrotomy there is a 
better overview of the joint and sufficient irrigation can be 
performed, but it can possibly lead to prolonged recov-
ery, a higher risk of avascular necrosis, and associated 
problems such as stiffness of the joint.15 However, in the  
included studies these differences were not found. In  
the earlier published studies it was not specified whether 
the surgeons only performed an aspiration or also did a 
lavage or washout through the needle.9–11 Additional 
lavage might theoretically be beneficial in the treatment 
of septic arthritis. Furthermore, Bos et al and Ernat et al 

Table 2. Studies including elbow joints

Study Study design Number 
of joints

Age 
(range)

Duration of 
symptoms

Total 
delay 
(days)

Follow-up 
(range)

Treatment Extra surgery 
(n)

Duration 
antibiotic 
treatment (range)

Clinical 
outcome

Radiographic 
outcome

MINORS

Herndon 
et al, 
19869

Retrospective 14 24 m
(1–156 m)

< 6 d nm 37 m
(12–68 m)

Aspiration Arthrotomy
(n = 5)

nm No pain, no 
complaints

All normal 4/16

Kaziz et 
al, 201914

Retrospective 15 108
(36–156 m)

4 d (1–11 d) 1 d 60 m
(24–96 m)

Arthrotomy None 7 d (4–12) 
intravenous 
followed by 38 d 
(30–45) oral

3 stiff elbows
No growth 
disturbances
MEPS 86

nm 5/16

Note. d, days; m, months; nm, not mentioned; n, number of patients; MEPS, Morrey Elbow Performance Score; MINORS, Methodological Index for Non-
Randomized Studies.
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suggested that longer duration of symptoms (and more 
delay) could initiate more necessary procedures.11,13 
Therefore, early initiation of treatment by drainage fol-
lowed by start of intravenous antibiotics seems benefi-
cial. The minimally invasive nature of both aspiration and 
arthroscopy has advantages, but their availability depends 
on the surgeon’s resources and experience.

One of the strengths of this review is the systematic 
search method to identify relevant articles for this sub-
ject. It has also been shown that this review is the first 
systematic review reporting on treatment methods for 
septic arthritis of upper extremity joints. In that light the 
results of the present review are useful in clinic for pae-
diatric orthopaedic surgeons treating children with these 
conditions.

There are also several limitations. First, it was pos-
sible to include only seven studies with a total of 171 
patients. A lot of studies were excluded because they 
were case reports or there was no established diagnosis 
of septic arthritis. Second, objective clinical and radio-
logical outcome with adequate follow-up are essential 
to appreciate the results of the studies reliably. Smith et 
al performed the only prospective study that could be 
included. Their follow-up time was short with a maxi-
mum of one year in only 41% of patients.8 Ernat et al 
did not describe the follow-up time.13 Therefore, pos-
sible differences between aspiration and arthrotomy in 
the long term are not known. Additionally, other stud-
ies included did not describe objective outcome meas-
ures.8,9,11,12 Lejman et al included eight patients who had 
no treatment for their possible septic arthritis. In almost 
all of their patients (93%) radiographic changes were 
seen.10 We do not know the outcomes of the subgroup 
of patients that did not have surgery as compared to 
those that did. The third limitation of the present review 
is the inclusion of mainly small retrospective studies that 
used different aspiration techniques, lavage systems, 
and duration of postoperative antibiotic treatment. As 
a consequence, no robust conclusions can be drawn 
on the best treatment modality for septic arthritis of the 
shoulder or elbow joints.

Conclusion
Both aspiration and arthrotomy can achieve good clinical 
results in children with septic arthritis of the shoulder or 
elbow joint. However, the scientific quality of the included 
studies is low. Higher quality randomized controlled tri-
als are required with adequate clinical and radiological 
outcome parameters and long follow-up time. Since the 
number of children suffering from septic arthritis of upper 
extremity joints is limited, multicentre trials could help in 
achieving a sufficient number of patients.
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