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Abstract

Background : Total knee replacement (TKR) is a common procedure in treating severe knee pathology.
Pain after TKR commonly occurs. Periarticular Injection (PAI) using steroid is one of the methods for pain
management after TKR but there is still no evidence on which steroid to use. Particulate and non-particulate
steroid are commonly differentiated when choosing which steroid to use for injection. Case : Studies
assessing the effect of periarticular steroid as an adjuvant for postoperative TKR analgesics from PubMed,
Cochrane library, and Embase from 2011-2021. From the 300 identified paper through database searching,
seven studies were finally included for the qualitative synthesis. In terms of VAS difference, studies in the
particulate group showed bigger VAS reduction in the early postoperative days (POD) compared to later
PODs. Conclusion : Complication of nausea/vomiting (N/V) after the procedure was the most common but
is not related to steroid injection. ROM is found to be consistently better on those injected with particulate
steroid. Particulate steroids (Triamcinolone and Methylprednisolone) are commonly used for peripheral
injection as it has higher percentage of large particles. This difference in particle size created difference in
efficacy, duration of action, and complication. Qualitatively, we found that PAI using particulate steroid is
better compared to non-particulate steroids but further studies comparing directly between the two is

necessary to confirm this finding
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Introduction

Total knee replacement (TKR) is a common
procedure in treating severe knee pathology. Along
with the increase in OA incident and aging
population, the amount of TKR conducted is
predicted to increase by six-fold within 25 years and
amount to 3.5 million surgery every year (Feng etal.,

spine syndrome, and may even proceed to chronic
conditions (Fachrizal & Irianto, 2017; Kehlet, 1997;
Pasero & McCaffery, 2007).

Commonly, multiple use of analgesic is prescribed
to tackle severe pain. The basic idea is that by
intercepting the nociceptive pathways at different
levels, multiple analgesia will have synergistic
combination effect and results in less side effects
(Sculco & Pagnano, 2015). The timing and method
of administering the analgesia also played a role in

2018; Widhiyanto et al., 2019). One of the most
common side effects after TKR is postoperative
pain. Approximately 75% of TKR patients have
significant postoperative pain and 60% of them were
not treated adequately (Kawai et al., 2015). Left
untreated, postoperative pain may hinder optimal
recovery, amplify metabolic, endocrine, autonomic
responses, create knee-

the efficacy of pain management. The idea of
intraoperative periarticular injection of analgesics
was published by Kerr and Kohan in 2008 and has
been studied in multiple studies ever since. The
result of these studies were found to be promising
(Andersen & Kehlet, 2014; Jiang et al., 2013).
Improving upon the original concept of periarticular
injection (PALI), steroids is thought to also improve
the analgesic effect of periarticular injection due to
its potent anti-inflammatory and antiemetic effects
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(Barrington et al., 2016; Joo et al., 2011). Some
centers have added and researched the use of
steroids to its regiment and found to have better
analgesic effect when compared to injections
without steroids (Ikeuchi et al., 2013; Tsukada et
al., 2016; Zhao et al., 2015). Some studies had also
indicated decrease in edema, decrease in blood loss,
and better range of motion (ROM) for patients
injected with steroids (Holte & Kehlet, 2002; Pang
et al., 2008).

The specific steroid as the adjuvant for PAI has not
been established and given the evidence on the use
of steroid as adjuvant is still unclear, the authors
would like to review the available current evidence
in further specifying which steroid to use. Injectable
steroid can be broadly divided into particulate and
non-particulate. Particulate steroids (Triamcinolone
and Methylprednisolone) are commonly used for
peripheral injection as it has higher percentage of
large particles (Derby et al., 2008). This difference
in particle size created difference in efficacy,
duration of action, and complication. Of particular
importance is in epidural injections where available
studies tend to promote non-particulate steroids as
it result in less spinal infarction occurrence (Makkar
etal., 2016).

This study aims to further specify appropriate
steroid as adjuvant for PAI and to know whether
there is any difference in the effect of particulate
compared to non-particulate steroid injection on
post total hip arthroplasty patients based on recently
published literature.

Case

Search Strategy

This study is conducted in accordance to the
PRISMA guideline (Page et al., 2021). In general,
studies assessing the effect of periarticular steroid
as an adjuvant for postoperative TKR analgesics
from PubMed, Cochrane library, and Embase
databases from January 2011 up until December
2021 were searched and noted. The outline of
keywords used for the searches are: (“Knee
Arthroplasty” OR “Knee Replacement”) AND
(“Periarticular” OR  “Peri-Articular”) AND
(“Steroid” or “Triamcinolone” OR
“Methylprednisolone”). Filtering for time limit and
to exclude reviews and books will be used if
available and is adapted to each search engine.
Manual searches by hand-searching reference lists
from the included studies and reviews were also
done.

Inclusion and Exclusion Criteria

Randomized Controlled Trials studying the efficacy
of cocktail of periarticular injection using steroids

compared to without steroid as pain management of
patients undergoing primary TKR (unilateral or
bilateral) are included in this study. Quasi and non-
RCTs are not included in this study. Excluded
studies are studies which compares unicondylar
knee arthroplasty, used injection of other than
periarticular injection as comparison (such as
epidural  injection, intraarticular  injection,
intrathecal, adductor canal nerve block, etc), studies
which omitted not only steroid as treatment for
control group, and studies which does not clearly
state the VAS outcome data will be excluded. In the
case that the treatment group was only injected with
corticosteroid, studies comparing them with either
saline only or no injection will be included. Primary
outcome is pain scale at rest as measured by VAS.
Secondary outcomes are the adverse event which
occurs after injection. Other result will also be noted
from each study. Search and screening for inclusion
is conducted by one author (CTH). Should there be
any dispute, it will be resolved by other reviewers
(KDH and DNU).

Quality Assessment

Quality of Evidence included in this study are
judged using RoB2 tools (Sterne et al., 2019) by
Cochrane. Using this tool, all studies will be
assessed using eight criteria and each criteria would
have a final assessment of “low risk”, “unclear risk
of bias”, and “High risk of bias”. Final score from
every criteria is the Overall risk of Bias (Low risk
of bias, Unclear risk of bias, or High risk of bias)
which will be used to determine its legibility to be
included in this study. Studies with overall score of
High risk of bias will be excluded from this study.
Data extraction

Basic data from each studies such as samples,
gender, age, type of TKA, and its perioperative
analgetic regiment will be tabulated. Primary
outcomes of resting VAS will be noted as a mean
difference compared to its control. In the case where
the quantitative result is not reported in the study
but as a graph only, it will be approximated using
an online digital approximator
(https://apps.automeris.io/). Adverse events will be
noted whenever available as a descriptive
comparison. Should there be an incomplete data, the
author will try to contact the corresponding author
of each study. Most studies did not provide p value
and SD value of their study and therefore statistical
analylsis was not possible.

Results and Discussion

Results

From the 300 identified paper through database
searching, 248 papers were excluded from
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screening the titles and abstracts. Fourteen full text
articles were assessed and only 7 were finally
included in the qualitative synthesis. The flowchart
is as depicted on figure 1. Of the included studies,
six were assessed as having moderate risk of bias
and one as low risk of bias. Therefore, all studies
were included in the final assessment. RoB2 tools
assessment summary is displayed on Figure 1.

Identlfication |

Eligiblity H Streening

Included

Figure 1. Database searching flowchart

Table 1. Basic Demographic Data from the Studies

In total, 365 samples from 7 studies were included.
The patients were aged 67-77 years old. Four of the
study uses Particulate steroids (Methylprednisolone
and Triamcinolone) while others uses Non-
Particulate ~ Steroids  (Dexamethasone  and
Betamethasone) (Table 1).

Anesthesia were mostly done by spinal anesthesia
using bupivacaine for the particulate group but by
general anesthesia on non-particulate group. PAI
regiment have slight difference between study but
mostly uses ropivacaine, morphine, ketoprofen, and
epinephrine. To note is that two of three studies
using non-particulate steroids did not use morphine
while others uses morphine in its regiment.
Preoperative and postoperative analgesia varied
between studies but most uses patient-controlled
analgesia (PCA) (Table 2).

Gender stud Type of Steroid
Author, Year Patients | Knee Age Type of TKA y for Treatment
(Male) Type
Group
Seah VWT 2011 (Seahetal,, 2011) | 100 | 100 679 | NIR RCT ot
Triamcinolone
69.3 | Staged bilateral 40m
Kwon SK. 2014 (Kwon et al., 2014) 82 82 0(0%) | (62- | PSTKA (3 RCT ma
Triamcinolone
77) | month delay)
75 | Unilateral TKA
Tsukada S 2016 (Tsukada et al., 40 40 (58- | (PS/CR is not RCT 40 mg MP
2016) (12.5%) :
88) | mentioned)
. . L4 Unilateral PS
Kim TW 2015 (Kim et al., 2015) 43 43 2 (5%) i RCT 40 mg MP
47 TKA
Ikeuchi M. 2014 (Ikeuchi et al., 2 77 + | Unilateral PS 6,6 mg
2014) 20 A | 2 2 TKA el Dexamethasone
77 + | Unilateral PS 7 mg
0,
Peng H. 2021 (Peng et al., 2021) 20 20 | 2(10%) 2 TKA RCT betamethasone
65,1 | Bilateral TKA 7mg
Yue D. 2013 (Yue et al., 2013) 60 60 (6.67%) + (PS/CR is not RCT betamethasone
6,8 | reported)

Studies highlighted in green used Particulate steroid and tﬁose highlighted in yellow used Non-Particulate

Steroids
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Table 2. Analgetic Regiment Used by Each Study

Preoperative . . . .
. Intraoperative Intraoperative Analgesia Postoperative
Author, Year analgesia . - . -
- Anesthesia Regiment (Control) analgesia regiment
regiment
41 used
General
. . . oral naproxen and PCA
Seah VWT 2011(Seah et al., 2011) LTSS NR 0._5m|/k_g of bL_Jplvacalne (morphine max 8 mg/hr
59 used with epinephrine
. for 48 hours)
Spinal
Anesthesia
Oral analgesic PCA (500 microgram
Spinal pills (200 mg 300 mg ropivacaine, 10 mg | fentanyl and 30 ml
Anesthetic celecoxib, 362.5 | morphine sulfate, 30 mg 0.5% bupivacaine)
T SIS AU (L el 2004 (0.5% mg ultracet, and ketorolac, and 0.3 mg continued with 200 mg
bupivacaine) | 75 mg epinephrine celecoxib dan 362.5
pregabalin) ultracet every 12 hours
50m 300mg ropivacaine, 8 mg
Tsukada S 2016 (Tsukada et al., Spinal qurbig rofen morphine hydrochloride 60 mg loxoprofen
2016) anesthesia 1P hydrate, 50 mg ketoprofen | 3times a day
axetil 1V - .
and 0.3 mg epinephrine
PCA (200 microgram
of fentanyl), ketorolac
Spinal Celecoxib 200 ?;(nignm? fgtrcﬁ gsg?‘ 3
anesthesia: mg and tramadol | 180 mg ropivacaine, 5 mg davs fgrg davs y
Kim TW 2015 (Kim et al., 2015) | 10-15mgof | + 75mg/ morphine, 30 mg ketorolac, trai’na e ys,
0 : - .
&JS f\)/acaine Zcézte;]r:unophen and 0.6 mg epinephrine mg/acetaminophen 650
P g mg was administered
every 12 hours for 4
day
Ikeuchi M. 2014 (Ikeuchi et al., General 150 mg ropivacaine and ACCENTIY 200
2014) Anesthesia A 400 mg isepamicin () ) 6D
g 1sep loxoprofen until POD5
Combination of
ropivacaine, adrenaline, PCA of 1 mg morphine
flurbiprofen, tranexamic and 2x40 mg parecoxib
PRy L P g iel, 202 A AR acid, and morphine for 3 days. Followed by
(specific dose is not 60 mg loxoprofen
mentioned)
PCA of 1 mg morphine
General 2x200mg 150 mg ropivacaine, 0.5 for 3 days and 200 mg
Vit 10), 20y (e etell, 201.2) Anesthesia celecoxib mcg adrenaline celecoxib bid for 7
days

Studies highlighted in green used Particulate steroid and those highlighted in yellow used Non-Particulate

Steroids

Table 3. VAS Mean Difference and Complication Incidence of Each Study

Mean Difference Complications
Woun Perone Urinar
VAS | VAS | VAS | VAS . Nausea .
Author, Year initi | PoD | POD | POD Infectio d ) Vomiti Prurit al y
n Qozin us nerve retentio
al 1 2 3 ng
g palsy n
Seah VWTZZOOllll)(Seah etal. | 001 | 021 | 045% | 032 1% 0% 0% 0% 0% 0%
RS 22%111()'(""0” etal, | 19« | 06 | 06 | 06 | 0% | 83% | 166% | 0% 0% 0%
Tsukada S 2016(Tsukadaet | 4. | oo« | o5 | 01 0% | 26% | 53% | 26% | 7.9% 0%
al., 2016)
) 1 %%1123*("" etal, 1 023 | 511 | 015 | NR | 0% | 0% | 43% | 0% 0% 0%
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Ikeuchi M. 2014(lkeuchi et NR 2.9% NR 1,6% 0% 0% 50 0% 0% 0%
al., 2014)

g 1 zggzlgeng etal. | 505 | 001 | 01 0 0% 0% 32% 0% 0% 0%

Yue D. 2013(Yue etal., 2013) | 0,13 | 024 | 024 | 0 NR NR NR NR NR NR

POD = Postoperative Day. * = the study found significant difference with its control group (non-steroid
injection). NR = Not Reported. VAS Initial = earliest reported VAS score after surgery and before 24 hours

after surgery.

Studies highlighted in green used Particulate steroid and those highlighted in yellow used Non-Particulate

Steroid

Table 4. Other Variables Analyzed on Included Studies
Which group is significantly better on each parameter is tabulated as shown above.

Other Variables — Which is Better?
VAS Opioid
Author, Year Time to Length of ; Consumption CRP
ROM during -
SLR Stay L During Values
activity Y
Hospitalization
Seah VWT 2011(Seah et al., 2011) Steroid Steroid Steroid NR NR NR
Kwon SK. 2014(Kwon et al., 2014) Steroid NR NR NR NR NR
Tsukada S z%ig”kada etal, Steroid NR NR Steroid NR NR
Kim TW 2015(Kim et al., 2015) Steroid NR NR NR Steroid NR
Ikeuchi M. 2014(lkeuchi et al., No . .
2014) Difference Steroid NR NR Steroid NR
No No
Peng H. 2021(Peng et al., 2021) Difference NR NR Difference NR NR
No No No
e o, 2ulsrue el A0 Difference NR NR Difference NR Difference

SLR = Straight Leg Raise. CRP = C-Reactive Protein. NR = Not Reported.
Studies highlighted in green used Particulate steroid and those highlighted in yellow used Non-Particulate

Steroids

In terms of VAS difference, studies in the particulate
group showed bigger VAS reduction in the early
postoperative days (POD) compared to later PODs.
Compared to control, steroid injection resulted in
better pain control compared to non-steroid injection
as shown as positive mean difference with non-
steroid injection (positive values mean smaller VAS
score compared to control) (Table 3). Statistical tests
done by each study confirm the significant
difference except on the two out of three studies on
the non-particulate group. In these two studies, no
statistical significant difference were found. Study
by Tsukada S et al. is the only study which showed
a rebound of VAS at POD2 (Tsukada et al., 2016).
The study monitored VAS score every 2 hours.
Looking at the VAS score graph from the day of
surgery, this sudden reverse on the effect of steroid
is only temporary and occurs at only one point of
time which is at 48 hours (Table 3).

Complication of nausea/vomiting (N/V) after the
procedure was the most common but is not related to

steroid injection. Despite high percentage of N/V in
the study by Kwon SK and Kim TW, the study found
no significant difference with the steroid group.
Other studies also found no significant difference in
the rate of complication with the non-steroid group.
Secondary outcomes from each study are tabulated
on Table 4. From the table it is evident that ROM is
found to be better on those injected with particulate
steroid. Most secondary outcome showed no
difference upon non-particulate steroid injection.

Discussion

The use of steroid varies in terms of the type of
steroid used and the method of administration. In this
systematic review we managed to elucidate the
difference in the type of steroid use when
administered as a periarticular injection during the
operation. Other studies administered steroid orally,
intravenously, or as part of local infiltration
analgesia.

Steroid itself have been included in the postoperative
pain control guideline by PROSPECT. This is
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because most studies found that steroid
administration not only give better pain control but
also Dbetter recovery in terms of long term
postoperative ROM, hospital length of stay, and
opioid/morphine consumption establishing the
benefit of steroid for postoperative pain control
(Chai et al., 2019).

Comparing between method of administration, an
RCT conducted by Kazuhisa H et al and Chan VWK
et al had found that steroid administration of PAI is
better compared to IV steroid only but more studies
are necessary to confirm this result (Chan et al.,
2021; Hatayama et al., 2021). Studies comparing
between oral steroid and PAL is rare since it has been
established that 1V steroid is better than oral steroid
(Salerno & Hermann, 2006).

Interestingly, studies which uses betamethasone
found no significant difference between the two
group (Peng et al., 2021; Yue et al., 2013). This
might imply that the insignificant difference with
control might not be caused by its non-particulate
nature but rather specifically betamethasone itself.
Further research is necessary to ascertain this
hypothesis. Another argument is that betamethasone
and dexamethasone are long-acting steroids and
therefore its effect might be more significant on
longer than 3 days after surgery but the studies found
that even at POD 7 the VAS result remained not
significantly different (Salerno & Hermann, 2006;
Yue et al., 2013). Infection is a common concern
after any insertion of implants but all studies do not
mention about infection and imply that PAI using
steroid does not increase infection (Argenson et al.,
2019).

To date, within the author’s knowledge there are still
no study which analyzed the difference between the
use of two group of steroids. We hope this review
can be used as a basis for further research. This
systematic review is limited because the number of
studies studying PAI using steroid is still limited.
Moreover, no RCT had been done which directly
compares between the two steroids and therefore no
direct comparison within study can be used.

Conclusions

Periarticular Injection (PAI) using steroid is one of
the methods for pain management after TKR but
there is still no evidence on which steroid to use.
This systematic review aims to know whether there
is any difference between these two groups of
steroids. There were a total of 365 samples from 7
studies included. The patients' ages ranged from 67
to 77 years. Four of the studies utilize Particulate
Steroids (Methylprednisolone and Triamcinolone),
while the remaining two utilize Non-Particulate

Steroids (Dexamethasone and Betamethasone).
From reviewing the available evidence, we found
that PAI using particulate steroid is better compared
to non-particulate steroids. In concluding the effect
of PAI, reviews in the future needs to differentiate
these two as it is very likely to have different result.
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