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Aims

There is conflicting evidence on the safety of intra-articular injections of hyaluronic acid (HA)
or corticosteroids (CSs) before total knee arthroplasty (TKA). We performed a meta-analysis
of the relationship between intra-articular injections and subsequent infection rates after
TKA.

Methods

We searched PubMed, EMBASE, and the Cochrane Library for cohort studies that assessed
the effect of preoperative injection of drugs into the joint cavity on the infection rate after
TKA. The outcomes analyzed included the total infection rate, as well as those for different
preoperative injection time periods and different drugs.

Results

Eight studies, including 73,880 in the injection group and 126,187 in the control group, met
the inclusion criteria. The injection group had a significantly higher postoperative infection
rate than the control group (risk ratio (RR) 1.16; 95% confidence interval (Cl) 1.07 to 1.27; p
< 0.001; 1> = 32%). For patients who received injections up to three months preoperatively,
the postoperative infection risk was significantly higher than that in the control group (RR
1.26; 95% Cl 1.18 to 1.35; p < 0.001; I> = 0%). There was no significant difference in the infec-
tion rates between the four-to-six-month injection and control groups (RR 1.12; 95% C1 0.93
to 1.35; p = 0.240; 12 = 75%) or between the seven-to-12-month injection and control groups
(RR 1.02; 95% C1 0.94 to 1.12; p = 0.600; 1> = 0%).

Conclusion

Current evidence suggests that intra-articular injections of CSs or HA before TKA increase the
risk of postoperative infection. Injections administered more than three months before TKA
do not significantly increase the risk of infection.
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Article focus infection. This increased risk decreases in
This study evaluated the relationship direct proportion to the interval between
between preoperative intra-articular the injection and TKA; injections more
injections and infection after total knee than three months before TKA do not
arthroplasty (TKA). cause a significant increase in the risk of

infection.

Key messages
Current evidence suggests that intra- Strengths and limitations
articular injections of corticosteroids The advantage of this study is that it is
(CSs) or hyaluronic acid (HA) before the first meta-analysis of the relationship
TKA increase the risk of postoperative
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between preoperative knee cavity injection and post-
operative TKA infection.

Some articles included in this study were from large
cohort studies with a large sample size, which can
maximize the detection of the relationship between
injection and infection.

Eight articles were finally included, all of which were
retrospective cohort studies; therefore, confounding
factors, such as the injection schedule and patient
characteristics, could not be well controlled for.

The definition of infection in each study was unclear
or unexplained.

The surgeons, the time interval between the injec-
tions and surgery, and the total number of injections
administered before surgery varied across studies, so
the results were prone to bias.

Other risk factors for infection, such as diabetes,
malnutrition, and immune deficiencies, may increase
the infection risk.

Introduction

Osteoarthritis (OA) is the most common chronic bone
and joint disorder and one of the main causes of disabil-
ity."* Management strategies include pharmacolog-
ical and non-pharmacological options. Intra-articular
therapies include injections of hyaluronic acid (HA),
corticosteroids (CSs), and mesenchymal stem cells.*¢
Intra-articular CS and HA injection therapies are the
two main treatments for knee OA. The purpose of these
injection therapies is to control the patient’s symptoms
in the early stage, and total knee arthroplasty (TKA)
is usually required in the late stage.”” There is consid-
erable evidence suggesting that joint injections can
effectively relieve pain in the short term. In fact, the
American College of Rheumatology has the conditions
to promote the use of CS injections for the management
of OA.* Pharmacological methods are conditionally
recommended for the initial management of patients
with knee OA; intra-articular CS injections and intra-
articular hyaluronate injections are conditionally recom-
mended for patients who have an inadequate response
to initial therapy.® There have been clinical concerns that
such injections may predispose patients to infection if
TKA is to be subsequently performed at the injected
joint. Other studies have shown no evidence that intra-
articular injections increase the incidence of infection
after TKA. It is still controversial whether intra-articular
injections before TKA increase the risk of periprosthetic
joint infection (PJI)."°'® Some meta-analyses of PJI were
conducted after TKA or total hip arthroplasty (THA);-%
however, the results were contradictory, emphasizing
the lack of evidence in existing studies.

There is conflicting evidence regarding the safety
of intra-articular injections during the perioperative
period. Therefore, this review aimed to assess the impact
of preoperative intra-articular injections on the risk of

postoperative infection in patients with TKA, focusing on
the timing of injection before surgery.

Methods

This study was conducted in accordance with the
Preferred Reporting Items for Systematic Reviews and
Meta-analyses (PRISMA)?2 guidelines (PROSPERO number
CRD42021268042).

Literature search and selection of studies. We system-
atically searched PubMed, EMBASE, and the Cochrane
Library for relevant studies published in English prior to
3 March 2021. The reference lists of original and review
articles were searched manually to identify more rele-
vant studies. The search conditions were set according to
the participants and interventions. The following search
terms were combined using the Boolean operators AND/
OR: injections, arthroplasty, replacement, knee, and in-
fections. Subject words and free words were combined,
the appropriate cut-off characters and Boolean logic op-
erators were used, and the search strategies were formu-
lated in accordance with the search requirements of each
electronic database. The retrieval strategy is shown in the
Supplementary Material.

Acceptance criteria. Relevant data were extracted from
all included studies using standard data extraction forms.
Studies were included for analysis if they met the fol-
lowing criteria: 1) Participants (patients who received
intra-knee injections before TKA); 2) Intervention (intra-
articular knee injections of CSs or HA before TKA); 3)
Comparison (no drugs were injected into the knee joint
cavity before TKA); and 4) Outcomes (the primary out-
come was the infection rate after TKA during a follow-up
period of at least six months).

The exclusion criteria were as follows: 1) unicompart-
mental knee arthroplasty after the injection of drugs into
the knee joint; 2) comparison of infection and noninfec-
tion after TKA; 3) no data on the incidence of infection; 4)
no comparison of outcomes with a control group; and 5)
overlapping samples and results.

Data extraction. Data were extracted from the included
studies by two authors (XY and LL). Any disagreements
between the two authors were resolved through consen-
sus or through consultation with the senior author (LX).
From each report, relevant information was extracted,
including the name of the first author, journal, country
of origin, year of publication, study population, patient
registration procedures, sample size, study design, pa-
tient age, patient sex, which drugs were injected in the
joint cavity, the time of injection, and outcomes (infec-
tion rate).

Risk of bias. Methodological quality was assessed by
two reviewers (XY and LL) using the Newcastle-Ottawa
Quality Assessment Scale independent assessment, and
some changes were made to meet the needs of this study.
Study quality was assessed regarding the following three
aspects: selection, comparability, and exposure outcome
conditions. The maximum total score for the three items
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was nine points, and a study with a score of 2 seven points
was considered a high-quality study. We used a standard-
ized data table to extract all the data to be evaluated.
Statistical analysis. All analyses were performed using
Review Manager, version 5.4 (Nordic Cochrane Centre,
Cochrane Collaboration), and p < 0.05 was considered
statistically significant. Dichotomy data analysis was
used to determine the risk ratio (RR) and 95% confi-
dence interval (CI). Individual relative risk estimates and
summary estimates were displayed graphically in forest
plots. The heterogeneity between the studies was test-
ed using 1. A p-value > 0.1 and an |? value of < 50%
indicated that there was no obvious heterogeneity; p <
0.05 and an |2 value of > 50% were considered to be sug-
gestive of statistical heterogeneity. If there was hetero-
geneity among studies in the results, possible sources of
heterogeneity were identified through subgroup anal-
ysis. The data for each study were pooled by random-
effects models based on the degree of heterogeneity.
Subgroup analyses included different injection time pe-
riods and drug types. A funnel chart was used to assess
publication bias.

Results

Literature search results. The preliminary search of each
database resulted in a total of 1,277 articles. A total of 405
duplicate articles were excluded, and 858 articles were
excluded after reading the titles and abstracts. We read
the full text of the remaining 14 documents, and six arti-
cles were excluded because they did not meet the inclu-
sion criteria, as follows: one paper lacked the comparison
group; four papers had incomplete data; and one paper
was a review. Eight articles met the inclusion criteria. The
literature selection process is shown in Figure 1.
Characteristics of the studies. The eight studies included
200,067 participants, including 73,880 in the injection
group and 126,187 in the control group; all participants
were from the USA and UK. All included studies were ret-
rospective cohort studies published between 2005 and
2020. In the included studies, the proportions of females
were 60% to 72.8%. Four studies used CS injections, and
four studies used CS or HA injections. The definition of
infection was not universally reported and was variable
across studies. The follow-up period ranged from six to
72 months (Table I).

Risk of bias assessment. All eight included articles were
retrospective studies. The quality of the eight articles
was analyzed according to the Newcastle-Ottawa Scale
(NOS)* scoring method; three articles scored six points,
three articles scored seven points, one article scored eight
points, and one article scored nine points. The included
articles were of moderate quality (Table II).

Total infection rate. The eight studies reported the infec-
tion rates at the final follow-up for 73,880 and 126,187
participants in the injection and control groups, respec-
tively. Compared with the control group, the injection
group had a significantly higher infection rate (RR 1.16;

95% C11.07 to 1.27; p < 0.001). The heterogeneity analy-
sis showed that the I? value was 32% (Figure 2).
Infection rates in patients who received injections pre-
operatively. Four studies reported infection rates in
patients who received injections zero to three, four to
six, and seven to 12 months preoperatively. One study
reported infection rates in patients who received injec-
tions up to three months preoperatively. The patients
who received injections up to three months had a sig-
nificantly higher infection rate than those in the control
group (RR 1.26; 95% Cl 1.18 to 1.35; p < 0.001; I =
0%). Compared with the control group, the four-to-six-
month injection group did not show a significantly dif-
ferent infection rate (RR 1.12; 95% Cl 0.93 to 1.35; p =
0.240; 1> = 75%). Compared with the control group, the
seven-to-12-month injection group did not show a sig-
nificantly different infection rate (RR 1.02; 95% Cl 0.94
to 1.12; p = 0.600; 1> = 0%) (Figure 3).

Infection rates in the HA group versus the CS group. Two
studies reported 3,672 patients injected with HA and
17,016 patients injected with CSs. There was no signifi-
cant difference between the HA and CS groups (RR 0.84;
95% Cl 0.67 to 1.05; p = 0.130; I> = 0%) (Figure 4).
Superficial infection and deep infection. Two studies in-
cluded 350 patients in the injection group and 386 pa-
tients in the control group, and there was no significant
difference in the superficial infection rates between these
groups (RR 1.73; 95% C1 0.93 to 3.23; p = 0.090; I2 = 0%).
Two studies reported that there was no significant differ-
ence in the deep infection rates between the injection
group and control group of 337 and 376 participants, re-
spectively (RR 1.99; 95% CI 0.08 to 50.96; p = 0.680; I> =
76%). Without the time node, we performed no further
subgroup analysis (Figure 5).

Analysis of publication bias. In this study, one compari-
son group included more than eight articles, and there-
fore publication bias analysis was required. The scatter
diagram method was used to draw comparison indica-
tors into scatter plots. The eight included articles were all
based on the total infection rate as an outcome indicator.
RevMan 5.4 software was used to draw an asymmetric
funnel chart, and there was publication bias (Figure 6).

Discussion

Meta-analysis has been recognized as an effective method
to answer a wide variety of clinical questions by summa-
rizing and reviewing previously published quantitative
research. This study compared the total infection rates
with and without intra-articular injection before TKA,
providing comprehensive evidence for cohort studies.
The results of the analysis showed that the total infection
rate in the injection group was significantly higher than
that in the control group. Some studies have also indi-
cated that preoperative joint cavity injection may increase
the postoperative infection rate.'?'>2425 The exact mech-
anism by which these drugs increase the risk of infec-
tion is unclear. Infection may be due to contamination
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Potentially relevant papers identified

n=1277
* PubMed n = 424
* Cochrane n = 162
« EMBASE n = 691

|
l

Titles and abstracts
screened for retrieval
n=2_872

|
l

Potentially appropriate studies to
be included in systematic review
n=14

Final inclusion for analysis
n=_§8

Duplicates excluded n = 405

Studies excluded n = 858
« Did not fulfill inclusion criteria n = 858

Studies excluded n = 6
* Did not fulfill inclusion criterian = 6

Fig. 1

Flow chart showing the selection process of studies for analysis with specifications of reasons.

of the joint during injection. Even if an aseptic technique
is used, the injection may still bring a small number of
bacteria into the joint cavity. If these bacteria persist, they
may colonize the prosthesis and cause periprosthetic
joint infection. CSs are well-known immunosuppres-
sants used to treat a variety of systemic immune diseases.
Intra-articular injections may result in dissolution failure
of drugs, which may persist in the joint cavity and cause
local immunosuppression after joint arthroplasty.?® These
immunosuppressive agents can also cause a decrease in
the systemic immune response and increase the infec-
tion rate. Studies on the mechanism of action of HA in
joints have indicated that HA may reduce immune func-
tion by altering the production of immunomodulatory
factors in the synovium, cartilage, and subchondral
bone.?? The combination of direct injections and local

immunosuppression may lead to an increased chance
of infection around the prosthesis, which is associated
with the two injection types. Previous meta-analyses of
patients with hip and knee surgery showed no significant
differences between these groups in the infection rates,
which was potentially due to the small sample size and
low confidence level.'3°

We grouped the injection times into the following
categories: zero to three, four to six, and seven to 12
months. The zero-to-three-month injection group had a
significantly higher postoperative infection risk than the
control group. Compared with the control group, the
four-to-six-month injection group did not show a signif-
icant difference in the infection rate. Compared with the
control group, the seven-to-12-month injection group
did not show a significant difference in the infection rate.
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Table 1. Newcastle-Ottawa Scale quality evaluation form.

Control for Follow-
Selection Outcome of important up long
Representativeness of the interest not  factor or gh for Adequacy of Total
of the exposed posed  Ascertail t present at additional Outcome outcomes to follow-up of quality
Study cohort cohort of exposure start of study factor assessment occur cohorts scores
Papavasiliou et al'® * * * * * * 6
Desai et al" * * * * * * * 7
Cancienne et al'? * * * * ** * * 8
Khanuja et al™ * * * * *x * * * 9
Amin et al * * * * * * 6
Bedard et al' * * * * * * * 7
Richardson et al' * * * * * * 6
Turcotte et al'” * * * * * * * 7
A study could be awarded a maximum of one star for each item except for the item “Control for important factor or additional factor”.
Injection Control Risk Ratio Risk Ratio

Study or Subgroup _ Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI

Amin 2015 6 783 10 845 0.7% 0.65[0.24, 1.77]

Bedard 2016 1287 29603 1942 54081 38.6% 1.21[1.13, 1.30] u

Cancienne 2015 581 22240 319 13650 22.7% 1.12[0.98, 1.28] bl

Desai 2009 2 90 5 180 0.3% 0.80[0.16, 4.04]

Khanuja 2016 10 302 12 302 1.1% 0.83[0.37, 1.90] - 1

Papavasiliou 2006 15 54 10 90 1.4% 2.50[1.21, 5.16]

Richardson 2019 597 19905 1052 38432 30.6% 1.10[0.99, 1.21] =

Turcotte 2020 28 903 416 18607 4.7% 1.39[0.95, 2.02] T

Total (95% Cl) 73880 126187 100.0% 1.16 [1.07, 1.27] ¢

Total events 2526 3766 ) ) . . . )
Heterogeneity: Tau? = 0.00; Chi? = 10.25, df =7 (P = 0.17); I? = 32% 0j1 sz 0t5 1 é é 1'0

Test for overall effect: Z = 3.41 (P = 0.0007)

Favours [Injection] Favours [Control]

Fig. 2

Results of meta-analysis for total infection rate. Cl, confidence interval; M-H, Mantel-Haenszel.

At all levels that could be analyzed, injections before TKA
were associated with a higher risk of postoperative infec-
tion. The risk of infection significantly increased up to
three months after surgery, and significantly decreased
after three months. This result is consistent with those
of many other large retrospective database studies that
examined injections administered prior to TKA'>'>'¢ and
THA‘24,31

This analysis showed that in two studies, there were
no significant differences in the infection rates between
the HA and CS groups. In a national medical insurance-
based database study,'s there was no significant differ-
ence in the risk of infection between patients injected
with different types of drugs. Amin et al'* also compared
a CS group and HA group and found no significant differ-
ence between the two groups (p = 0.4226). In addition
to these two studies, separate data for CSs and HA are
provided. To date, few studies have compared the risk of
infection according to a history of HA and CS injection.
The two groups had similar infection rates, and possible
reasons are as follows: 1) injection contamination may
occur during the injection of HA and CSs; and 2) both
HA and CSs have pharmacological mechanisms leading
to low local immunity.>-?* However, further studies

comparing the two drugs for the risk of subsequent infec-
tion are needed to derive stronger conclusions.

This analysis showed that two studies reported no
significant difference in the superficial infection rate
between the injection group and the deep infection
group. There was no significant difference in the rate of
deep infection compared with the control group. Khanuja
et al”® reported that during a mean follow-up period of
3.5 years after TKA, there were no significant differences
in the prevalence of superficial infection (7 cases vs 6
cases), periprosthetic deep infection (3 cases vs 6 cases),
or global infection (10 cases vs 12 cases) between the
two groups. Similarly, Papavasiliou et al'® showed that
the difference in the incidence of superficial infections
between the two groups was not statistically signifi-
cant (p > 0.05). Studies that have shown that the risk of
infection does not increase with preoperative injections
typically have smaller sample sizes, so they may have
insufficient power to detect differences in rare outcomes.

Another factor not considered in our results is the
number of injections before surgery. However, a few
studies have analyzed this issue. Richardson et al'®
compared the risk of infection after TKA between multiple
versus a single intra-articular injection before surgery, and
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Injection Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
0-3months
Amin 2015 2 143 10 845 0.2% 1.18 [0.26, 5.34]
Bedard 2016 550 12494 1942 54081 56.0% 1.23[1.12, 1.34] u
Cancienne 2015 181 5313 319 13650 14.9% 1.46 [1.22, 1.74] -
Richardson 2019 243 7299 1052 38432 25.5% 1.22[1.06, 1.40] -
Turcotte 2020 28 903 416 18607 3.4% 1.39[0.95, 2.02] I
Subtotal (95% ClI) 26152 125615 100.0% 1.26 [1.18, 1.35] ¢
Total events 1004 3739
Heterogeneity: Tau? = 0.00; Chi? = 3.38, df = 4 (P = 0.50); I = 0%
Test for overall effect: Z = 6.55 (P < 0.00001)
4-6months
Amin 2015 0 174 10 845 0.4% 0.23[0.01, 3.91] ¢
Bedard 2016 468 9900 1942 54081 36.8% 1.32[1.19, 1.45] =
Cancienne 2015 221 8919 319 13650 30.7% 1.06 [0.90, 1.26]
Richardson 2019 183 6682 1052 38432 32.0% 1.00 [0.86, 1.17] £
Subtotal (95% CI) 25675 107008 100.0% 1.12[0.93, 1.35]
Total events 872 3323
Heterogeneity: Tau? = 0.02; Chi? = 11.94, df = 3 (P = 0.008); I> = 75%
Test for overall effect: Z=1.18 (P = 0.24)
7-12months
Amin 2015 3 277 10 845 0.5% 0.92[0.25, 3.30]
Bedard 2016 269 7209 1942 54081 47.5% 1.04 [0.92, 1.18]
Cancienne 2015 179 8008 319 13650 22.7% 0.96 [0.80, 1.15]
Richardson 2019 171 5924 1052 38432 29.3% 1.05[0.90, 1.24]
Subtotal (95% CI) 21418 107008 100.0% 1.02 [0.94, 1.12]
Total events 622 3323

Heterogeneity: Tau? = 0.00; Chi? = 0.76, df = 3 (P = 0.86); I = 0%

Test for overall effect: Z = 0.53 (P = 0.60)

Test for subgroup differences: Chi? = 13.75, df =2 (P = 0.001), I> = 85.4%

01 02 05 1 2 5 10
Favours [Injection] Favours [Control]

Fig. 3

Results of meta-analysis for different preoperative injection time periods. Cl, confidence interval; M-H, Mantel-Haenszel.

HA Cs Risk Ratio Risk Ratio
Study or Subgroup _Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% ClI
Amin 2015 2 423 4 360 1.8% 0.43[0.08, 2.31]
Richardson 2019 85 3249 512 16656 98.2% 0.85[0.68, 1.07]
Total (95% ClI) 3672 17016 100.0% 0.84 [0.67, 1.05]
Total events 87 516

Heterogeneity: Tau? = 0.00; Chi? = 0.63, df =1 (P = 0.43); I? = 0%
Test for overall effect: Z=1.51 (P =0.13)

001 0.1 1 10
Favours [HA] Favours [CS]

100

Fig. 4

Results of meta-analysis for hyaluronic acid (HA) group versus the corticosteroid (CS) group. Cl, confidence interval; M-H, Mantel-Haenszel.

found that there was no difference in the risk of infection.
However, the exact relationship between the number of
injections and the risk of infection requires more research
for verification.

This study has several limitations: eight articles were
finally included, all of which were retrospective cohort
studies, and therefore confounding factors, such as the
injection schedule and patient characteristics, could not

be well controlled. Furthermore, the definition of infec-
tion in each study was unclear or unexplained. The lack
of standardized definitions may overestimate or underes-
timate the incidence of infection in the included studies.
Part of our research is derived from administrative data-
bases, and those data are collected using current proce-
dural terminology codes; however, such databases are
prone to coding errors. The surgeons, the time interval
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Control
Events Total

Injection

Study or Subgroup __Events Total Weight

Superficial Incisional Infection

M-H, Random, 95% CI

X. YANG, L. LI, X. REN, L. NIE

Risk Ratio Risk Ratio

M-H, Random, 95% CI

Khanuja 2016 7 299 6 296 33.5% 1.15[0.39, 3.40]
Papavasiliou 2006 12 51 10 90 66.5% 2.12[0.98, 4.55] -
Subtotal (95% CI) 350 386 100.0% 1.73 [0.93, 3.23] >
Total events 19 16
Heterogeneity: Tau? = 0.00; Chi?=0.81, df =1 (P =0.37); ? = 0%
Test for overall effect: Z = 1.72 (P = 0.09)
Deep Infection
Khanuja 2016 3 295 6 296 57.8% 0.50[0.13, 1.99] —i—
Papavasiliou 2006 3 42 0 80 42.2% 13.19[0.70, 249.43] L
Subtotal (95% CI) 337 376 100.0% 1.99 [0.08, 50.96] ——
Total events 6 6
Heterogeneity: Tau? = 4.24; Chi2 = 4.09, df =1 (P = 0.04); 12 = 76%
Test for overall effect: Z = 0.42 (P = 0.68)
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Test for subaroup differences: Chi2 = 0.01. df =1 (P =0.93). 12 = 0%
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Fig. 5

Results of meta-analysis for superficial infection and deep infection rates. Cl, confidence interval; M-H, Mantel-Haenszel.
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Funnel plot of studies meta-analyzed for infection rates. RR, risk ratio; SE, standard error.

between the injections and surgery, and the total number
of injections administered before surgery varied across
studies, so the results are prone to bias. Additionally,
other risk factors for infection, such as diabetes, malnutri-
tion, and immune deficiencies, may increase the infection
rate. Finally, some of the included studies had a follow-up
time of six months, and there was a lack of long-term
follow-up studies.

In conclusion, current evidence suggests that intra-
articular injections of CSs or HA before TKA increase the
risk of infection. Injections administered more than three

months before TKA do not significantly increase the risk
of infection. Multicentre prospective studies are needed
to further study this issue.

Supplementary material
E Retrieval strategy and the PRISMA 2009 Checklist.
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