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Abstract: Purpose: The impact of intra-articular steroid injections on risk of infection following total hip or total knee
replacement remains unclear. We conducted a meta-analysis of cohort studies to access the infection risk in patient
with and without previous intra-articular steroid injections. Methods: We conducted a meta-analysis of cohort stud-
ies based on Pubmed, Embase, and Cochrane databases updated to November 2015 to access the infection risk
in patient with and without previous intra-articular steroid injections. A sensitivity analysis was performed to access
the stability of the pooled results. Moreover, to investigate the possible source of heterogeneity on the overall risk
estimate, we performed meta-regression analyses and subgroup analyses based on sample size, surgery location,
and continent. Results: Eleven studies were included in this present meta-analysis. The result of meta-analysis
shows that intra-articular steroid injections were associated with the joint arthroplasty infection rate (RR, 1.436;
95% Cl, 1.085-1.900), with high heterogeneity among the studies (1> = 53.5%; P = 0.022). Conclusion: Our findings
revealed that intra-articular steroid injections may increase the joint arthroplasty infection rate. However, the result
should be interpreted with caution because of the potential bias and confounding in the included studies.
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Introduction

The infection following total hip or total knee
replacement is a serious complication, often
resulting in further surgery. Many factors have
been approved to increase the incidence of
infection, such as diabetes mellitus, obesity,
nutritional deficiency, immunodeficiency, and
so on [1-5]. In clinical practice, the infection
following total hip or total knee replacement
is frequently seen in patients with intra-articu-
lar steroid injection. It is possible that intra-
articular steroid injection is another risk factor
for infection after total hip or total knee re-
placement. However, the data looking at the
association between intra-articular steroid
injections and risk of infection after total hip or
total knee replacement were controversial.
Some studies [6-8] suggested that the widely
used of intra-articular steroid injections in-
creased the rate of infection in patients with

total hip or total knee replacement, but other
studies [9-12] gave a controversial conclusion.
And the sample size of some studies was
limitation [6, 13]. We therefore carried out
this meta-analysis of cohort studies to eva-
luate the relationship between intra-articular
steroid injections and risk of infection after
total hip or total knee replacement.

Materials and methods
Search strategy and inclusion criteria

We undertook this meta-analysis according to
the Meta-analysis of Observational Studies in
Epidemiology (MOOSE) statement. A compre-
hensive literature search limited to English lan-
guage was conducted using Pubmed, Embase,
and Cochrane databases updated to November
2015. The following format of search terms was
applied: (“replacement” or “replacements” or
“arthroplasty”) and (“inject” or “injection”) and
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(“infect” or “infection” or “infective”). Moreover,
all references lists of selected articles were
also manually checked to determine whether
any additional articles could be included in this
meta-analysis.

Articles were considered included in this study
if they met the following criteria: (a) study
population: adult patients with total knee
replacement or total hip replacement; (b) com-
parison intervention: with and without intra-
articular steroid injection; (c) outcome mea-
sure: the rates of infection after replacement;
(d) study design: cohort study. When the same
population was reported in several publica-
tions, only the most informative or complete
study was included to avoid duplication of
information.

Data extraction

Data were extracted from studies (when avail-
able) included first author, publication year,
study design, location of surgery, interval time
between injection and replacement, sample
size, duration of follow-up, population charac-
teristics, and the number of infection in each
group. We contacted the authors of included
studies for further information when it was
necessary.

Quality assessment

The Newcastle-Ottawa Scale (NOS) [14] was
applied for assessing the quality of the includ-
ed studies. This tool places emphasis on the
following three areas when defining the quality
of observation cohort studies: the selection of
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Statistical analysis

We extracted the risk ratios (RRs) of infection
as the principal measure from each study.
Summary risk ratios with 95% confidence
intervals (Cls) were pooled across studies for
this meta-analysis, and P < 0.05 was judged
as a significant difference. Chi-square test and
> were used to test the heterogeneity between
the studies. When a significant Chi-square test
(P < 0.10) or I > 50% indicated heterogeneity
across studies, a random effects model was
conducted for meta-analysis, otherwise, a
fixed-effects model was conducted. Moreover,
a sensitivity analysis was performed by se-
quential omission of individual studies in order
to examine the stability of the pooled results.
To investigate the possible origin of heteroge-
neity on the overall risk estimate, we further
carried out meta-regression analyses and
subgroup analyses based on sample size (£
10000 and > 10000), surgery location (knee
or hip), and continent (North America or West
Europe). Potential publication bias was detect-
ed using Begg's funnel plots and Egger's
test with P < 0.05 judged as statistically
significant.

All statistical analyses were performed using
STATA, version 12.0 (StataCorp, College Sta-
tion, TX). Zero total event studiesl (studies
with zero infections in both injected and non-
injected groups) were excluded from meta-
analysis as previously recommended [15, 16].

Results
Articles selection

We retrieved 442 studies through a compre-
hensive literature search from PubMed,
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Table 1. Characteristics of the included cohort study for meta-analysis

: Publication NOS Surgery Sample )
First author Country  Study type g y ) P Provider Follow-up DBIS
year score site size
Kaspar [13] 2005 Canada Retrospectively 7 Hip 80 Radiologist 32.8 months NR
Papavasilou 2005 UK Retrospectively 6 knee 144 NR 1 year NR
Mclintosh [8] 2006 USA Retrospectively 6 hip 448 Radiologist NR 112 days
Sreekumar [9] 2007 UK Retrospectively 7 hip 204 NR 25-33 months 14 months
Desai [10] 2009 UK Retrospectively 8 knee 270 NR 1-6 years NR
Haughton [17] 2010 UK Retrospectively 4 hip 1317 NR NR NR
Meermans [19] 2012 Belgium Retrospectively 8 hip 350 Surgeon 71 months 155 days
Scroft [18] 2013 Canada Retrospectively 7 hip 96 surgeon 10.45 months 5.9 months
Ravi [20] 2014 Canada Retrospectively 6 hip 37881 Radiologist 2 years 0-5 years
Cancienne [7] 2015 USA Retrospectively 7 Knee 35890 NR 6 months 0-12 months
Amin [11] 2015 USA Retrospectively 6 knee 1628  surgeons, rheumatologists, NR 0-12 months
primary care physicians
DBIS = Duration between injection and surgery; NA = not report; UK = United Kingdom.
Study %
D RR (95% C1) Weight
1
Kasper et al. 2005 v - 9.00 (0.50, 161.86) 091
1
1
Papavasilou et al. 2005 ——— 250(1.21,5.16) 1007
1
Mcintosh et al. 2006 ——— 1.56 (0.69,3.52) 8.53
1
Sreekumar et al. 2007 * . 0.40(0.02,8.16) 0.84
1
1
Desai et al. 2009 —— 0.80 (0.16, 4.04) 273
1
1
Haughton et al.2010 | —— 3.49(1.78, 6.82) 11.16
1
1
Meemans et al. 2012 ——t——— 0.75(0.27,2.12) 5.90
1
1
Amin etal. 2015 —_— 0.94 (0,30, 2.97) 4.96
| -
Cancienne et al. 2015 -+ 1.12(0.98, 1.28) 29.01
Ravi et al. 2015 1.33(1.06,1.67) 25.89
Overall (I-squared = 53.5%, p = 0.022) 1.4 (1,09, 1.90) 100,00

NOTE: Weights are from random effects analysis

T
00618

Figure 2. The results of the present meta-analysis.

EMBASE, and Cochrane databases, of which
431 studies were excluded for various reasons
(duplication, reviews, comment, not human,
not relevant to our analysis, without a control
group, incomplete data, or case-control study)
according to the title/abstract and full text
(Figure 1). Finally, the remaining 11 cohort
studies [6-11, 13, 17-20] were included in this
analysis.
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Study characteristics and methodological qual-
ity assessment

The main characteristics of these included
cohort studies are shown in Table 1. These
included studies were published from 2005
to 2015. The mean of the NOS score was
6.55 (ranged from 4 to 8). Two studies [10, 19]
got 8 NOS scale, 4 studies [7, 9, 13, 18]
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Meta—analysis estimates, given named study is omitted

Lower CI Limit Estimate

Kasper et al. 2005
Papavasilou et al. 2005
McIntosh et al. 2006
Sreekumar et al. 2007
Desai et al. 2009
Haughton et al.2010
Meemans et al. 2012
Amin et al. 2015
Cancienne et al. 2015

Ravi et al. 2015
097 1.09 1.44

Figure 3. The results of sensitivity analyses.

got 7, 4 studies [6, 8, 11, 20] got 6, and 1 study
17 got 4. Overall, 77885 patients were en-
rolled in the current study. Among them,
26021 patients were conducted intra-articular
steroid injection before total joint replacement.

Previous steroid injections and risk of infection
following total hip or total knee replacement

The result of this meta-analysis using a random
effect model was shown in Figure 2. Compared
with the control group, there was a significant
increased rate of infection among the patients
with previous steroid injection (RR 1.436; 95%
Cl 1.085-1.900), with high heterogeneity
between the studies (?> = 53.5%; P = 0.022).
Figure 3 shows the results of sensitivity analy-
sis. As we sequentially omitted one study, the
overall pooled RR ranged from 1.238 (95% Cl,
1.035-1.481) to 1.59 (95% CI, 1.08-2.34).
When we excluded the study by Haughton
[17], the heterogeneity was lowest (I? = 17.9%;
P = 0.283). Furthermore, we conducted meta-
regression analyses and subgroup analyses to
explain the heterogeneity based on sample
size (£ 10000 and > 10000), surgery location
(knee or hip), and continent (North America
or West Europe) (Table 2). However, the results
of meta-regression analyses indicated that
none of the 3 factors had significant associa-
tion with the heterogeneity (all P > 0.05).
Although the subgroup analyses on the 3
factors were performed, the heterogeneity of
subgroups was still high.
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Publication bias

Upper CI Limit

1.90

There was no potential publi-
cation bias existed among
the included studies tested
by Begg'’s funnel plots (Figure
4) and Egger's test (P =
0.313).

Discussion

The infection following total
hip or knee replacement
occurs in only a small number
of patients but can result in
functional decline and sub-
stantial morbidity [21, 22].
Some studies [6-8] suggest-
ed that previous intra-articu-
lar steroid injection may
increase the incidence of
infection in arthroplasty patients. However, to
the best of our known, the data regarding this
topic remains inconsistent. Thus, we conduct-
ed the present meta-analysis to access the
association between previous intra-articular
steroid injections and infection following total
hip or knee replacement.

The result of this meta-analysis indicated that
intra-articular steroid injections may predis-
pose patients to the infection following total hip
or knee replacement. However, there was high
heterogeneity between the studies. To explain
the heterogeneity, we performed sensitivity
analysis by excluding one study in each turn
and the pooled RRs changed essentially. When
the study by Haughton [17] was excluded, the
heterogeneity was lowest (> = 17.9%; P =
0.283). We found that this study got 4 NOS
scale, whereas the other included studies got
more than 5 NOS scale, which means that the
study by Haughton [17] was low quality and
should be excluded from this meta-analysis.
Subsequently, meta-regression analyses and
subgroup analyses based on sample size (<
10000 and > 10000), surgery location (knee or
hip), and continent (North America or West
Europe) were carried out in attempt to investi-
gate the heterogeneity. The results of meta-
regression analyses suggested that the 3 fac-
tors had no significant association with the het-
erogeneity (all P > 0.05) and the heterogeneity
of subgroups was still high when the subgroup
analyses were performed. Thus, the pooled
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Table 2. Results of meta-regression analyses and subgroup meta-analyses

Subgroup sl::lt?aizfs pl:t(?t.e(r?:s RR (95% CI) P reg'lee;:ion sé:uha:re # (%) (HeteroI;eneity)
Overall effect 10 77789 1.436(1.085-1.900) 0.011 19.37 53.50 0.022
Sample size 0.21
< 10000 8 4018 1.780(1.265-2.504) 0.001 11.74 40.40 0.109
> 10000 2 73771 1.165(1.037-1.308) 0.01 1.69 40.80 0.194
continent 0.114
North America 5 75504 1.176 (1.050-1.318) 0.005 419 4.60 0.381
West Europe 5 2285 1.655(0.802-3.414) 0.173 8.89 55.00 0.064
surgery location 0.587
Knee 4 37509 1.138(0.998-1.297) 0.054 4.88 38.50 0.181
Hip 6 40280 1.614 (0.960-2.715) 0.071 10.94 54.30 0.053

RR = Risk ratio; Cl = Confidence Interval.

Begg's funnel plot with pseudo 95% confidence limits

logrr
<

-4

s.e. of: logrr

Figure 4. Begg’s funnel plots showing that no potential publication bias ex-

isted.

result from this meta-analysis should be inter-
preted with caution due to the heterogeneity.

Although previous intra-articular steroid injec-
tions may increase the joint arthroplasty infec-
tion rate, the mechanism remains unclear. One
explanation was that the steroid failed to fully
dissolve leading to local immunosupression
following joint arthroplasty [6, 13]. Alternatively,
the infection could also be introduced through
an injection, as the sterility precautions taken
are often variable [23]. Some previous meta-
analyses [16, 24-26] demonstrated no signifi-
cant relationship between previous steroid
injections and infection following total hip or
knee replacement. However, those meta-analy-
ses included small sample size studies had
a limited number of patients, compared to this
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current meta-analysis. As the
incidence of infection follow-
ing total hip or knee replace-
ment is very low [21, 22, 27],
it is possible that studies with
small number of patients
failed to demonstrate such
relationship due to low statis-
tical power.

The findings of the present
study are of clinical value to
some extent. Intra-articular
steroid injections of the joints
have been an acceptable
treatment modality to osteo-
arthritis patients for approxi-
mately 50 years [28]. How-
ever, the present study indi-
cated that previous intra-articular steroid injec-
tion was a risk factor associated with joint
arthroplasty infection. Thus, surgeons regard-
ing on total hip or knee arthroplasty patients
should pay more attention to the individuals
with previous intra-articular steroid injections.
Additionally, to reduce the incidence of infec-
tion following total hip or knee replacement,
some effective measures must be taken in
perioperative period.

There are several limitations in our meta-analy-
sis. First, the low infection incidence demands
large sample studies to access the significant
association between intra-articular steroid
injections and joint arthroplasty infection.
However, some of the included studies have
small sample size, which may contribute to the
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overestimate or underestimate of the true
result. Second, the criteria for infection, dosage
of injection, duration from injection to surgery,
age of surgery, duration of follow up, and popu-
lation country were varied among the included
cohort studies. These factors may also have an
influence on the joint arthroplasty infection
rate. Third, certainly, this present meta-analy-
sis can be clouded by the considerable hetero-
geneity among the studies.

Conclusion

Despite various limitations of the present meta-
analysis, our results suggest that previous
intra-articular steroid injections may increase
the infection rate following total hip or knee
replacement. The patients with previous intra-
articular steroid injection should be given more
attention to reduce the infection rate. In addi-
tion, further large-scale, well-designed RCTs on
this topic are still needed.
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