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ABSTRACT

Hip and knee replacements are one of the most performed and highly successful
musculoskeletal surgical interventions and the number of annual operations has
increased continuously. The majority of these procedures are performed to reduce
pain and to regain function in patients with late-stage osteoarthritis. While many
patients have a very good clinical outcome, about 10% of hip replacement patients
and 20% of knee replacement patients are dissatistied after surgery, which is most
often related to ongoing pain in the operated joint. Possibly related to persistent
postoperative pain, about 12% of patients still use opioids long-term after joint
replacement.

Recently, attempts have been made to identify those patients who do and do not
benefit from the surgery in terms of pain relief, and who are at risk for the prolonged
or increased use of analgesic drugs after surgery. However, previous studies on
analgesic use in patients undergoing joint replacement have mostly focused on
opioids. Thus, there is a gap in the literature concerning the use of non-opioid
analgesic drugs in patients undergoing joint replacement. Additionally, it is not
known whether glucose metabolism disorders are risk factors for persistent
postoperative pain.

The present study examined the user rates of different analgesic drug types before
and after joint replacement, and those preoperative factors that might be associated
with a higher probability of persistent postoperative pain or prolonged analgesic use
after hip and knee replacement. Analgesic use was studied using register data from
the Social Insurance Institution (Kela), which was then combined with the
prospective database of Coxa Hospital for Joint Replacement. Risk factors for
petsistent postoperative pain were examined using prospective clinical data from
Coxa Hospital and a pain questionnaire that was sent to all included patients 1-2
years after joint replacement.

The proportion of patients who used analgesic drugs increased prior to hip or
knee replacement, peaked in the immediate postoperative period, and decreased
thereafter. A higher proportion of hip replacement patients redeemed analgesic
drugs preoperatively than knee replacement patients, whereas prolonged use of
analgesic drugs after surgery was more common in knee replacement patients than



in hip replacement patients. In line with some eatlier findings, a surprisingly large
proportion of patients did not redeem any prescription analgesic drugs
preoperatively. During the 3-month period preoperatively, less than half of patients
redeemed prescription analgesic drugs. At 1 year after surgery, 24% of hip
replacement patients and 24% of knee replacement patients still used at least one
type of analgesic drug, and 5% of hip replacement patients and 7% of knee
replacement patients still used opioids. The most common analgesic drug types
throughout the study period were NSAIDs, followed by acetaminophen, and mild
opioids, whereas the use of strong opioids and medication used for neuropathic pain
was less common.

Persistent postoperative pain was reported by 20% of knee replacement patients
and by 4% of hip replacement patients. Patients with previously diagnosed diabetes
had an eight-fold increased risk for persistent postoperative pain, whereas other
glucose metabolism disorders or metabolic syndrome had no association. The
strongest preoperative predictors for any analgesic use (i.e. opioids, NSAIDs, or
acetaminophen) 1 year after joint replacement were the preoperative use of any
analgesics, antidepressants, and benzodiazepines. Those patients who had used both
antidepressants and benzodiazepines (compared to those patients without
preoperative use of these medications) were most likely to redeem opioids and other
analgesics after surgery. The other significant preoperative predictors for any
analgesic use 1 year after joint replacement were the greater number of
comorbidities, and severe obesity, whereas bilateral knee replacement was a
protective factor (compared to unilateral knee replacement).

Based on these results, patients with diabetes may have an increased risk for
persistent postoperative pain after joint replacement. Moreover, especially those
patients with preoperative use of analgesic drugs, antidepressants, or
benzodiazepines, and those patients who are obese or have a higher number of
comorbidities are at a higher risk for prolonged use of opioids and other analgesic
drugs after surgery. There is a lack of good quality studies of interventions trying to
reduce long-term postoperative pain or analgesic use in patients undergoing joint
replacement. Thus, further studies are needed to find ways of reducing the risk for
these unfavorable outcomes. Surgeons today should be aware of these risks and have
a candid discussion with patients about the possibility of persistent postoperative
pain or prolonged analgesic use before proceeding to elective joint arthroplasty.
Additionally, pre-, and postoperative pain management should be sufficient and
individually tailored to the needs of the patients, and adjustment of the preoperative

risk factors and tailored follow-up assessments should be made if needed.
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TIVISTELMA

Lonkan ja polven tekonivelleikkaus ovat yleisimpiid ortopedisid leikkauksia ja niiden
vuosittaiset  toimenpidemddrit  ovat  kasvaneet  jatkuvasti.  Leikkausten
pitkdaikaistulokset ovat proteesikomponenttien kestivyyden kehittymisen myo6td
erittdin  hyvid ja uusintatoimenpiteiden madrit ovat maltillisia. Suurin osa
leikkauksista tehdddn pitkille edenneen nivelrikon aiheuttaman kivun ja
toiminnanvajauksen helpottamiseksi. Suuri osa potilaista toipuu leikkauksesta hyvin,
mutta noin 10 % lonkan ja 20 % polven tekonivelleikkauksen lipikayneista potilaista
on tyytymittomia lopputulokseen, mikd useimmiten liittyy kivun jatkumiseen
leikatussa nivelessd. Pitkittynyt leikkauksenjilkeinen kipu voi johtaa my6s
pitkittyneeseen ja lisidntyneeseen kipulddkkeiden kiyttoon. Onkin havaittu, ettd jopa
12 % potilaista kayttdd opioidildikitysta pitkdaikaisesti tekonivelleikkauksen jilkeen.

Viimeisimmissd tutkimuksissa on pyritty l6ytimain keinoja tunnistaa jo ennen
leikkausta ne potilaat, jotka hyotyvit leikkauksesta ja toisaalta ne potilaat, joiden
nivelkipu jatkuu leikkauksesta huolimatta ja jotka ovat riskissd pitkittyneelle tai
lisidntyneelle kipuldikkeiden kiytolle leikkauksen jilkeen. Aiemmissa tutkimuksissa
on kipulddkkeiden osalta tutkittu ldhinnd opioideja. Sen sijaan muiden kipulddkkeiden
kayttdjien mairistd ja pitkittyneelle kdytolle altistavista tekijoista ei ole tietoa. Tiedossa
ei my6skdin ole, altistavatko sokeriaineenvaihdunnan hairiét pitkittyneelle
leikkauksenjalkeiselle kivulle.

Tidssd tutkimuksessa pyrittiin selvittimédn, kuinka suuri osa potilaista kayttaa
kuhunkin  kipulddkeryhmidin  kuuluvia  lddkkeita  ennen  ja  jilkeen
tekonivelleikkauksen, ja mitkd leikkausta edeltdvit tekijit altistavat pitkittyneelle
leikkauksenjalkeiselle kivulle ja/tai pitkittyneelle kipulddkkeiden kiytolle leikkauksen
jalkeen. Kipulddkkeiden kdyttdjien osuuksia ja kaytolle altistavia tekijoitd tutkittiin
yhdistimilla tietoja sairauskohtaisista erityiskorvattavuuksista ja
reseptikipulddkkeiden ostoista Tekonivelsairaala Coxan potilastietoihin. Pitkittyneen
leikkauksenjalkeisen kivun esiintymista tutkittiin kyselylomakkeella 1-2 vuotta
leikkauksen jalkeen ja riskitekijoitd kivulle etsittiin analysoimalla leikkauksen
yhteydessi kerittyd prospektiivista kliinisté tietoa.

Reseptikipulddkettd  kdyttdneiden — potilaiden  osuus  nousi  ennen
tekonivelleikkausta, oli suurimmillaan ensimmaisind kuukausina leikkauksen jilkeen

vii



jalaski sitten. Kipuldakkeiden kaytto oli ennen lonkan tekonivelleikkausta yleisempai
kuin ennen polven tekonivelleikkausta, kun taas leikkauksen jilkeen polven
tekonivelleikkauksen ldpikdyneilld potilailla kipulddkkeiden kiytté oli yleisempaa.
Toisaalta yllittivin suuri osa potilaista ei ostanut mitdan reseptikipuldikkeitd ennen
leikkausta. Esimerkiksi leikkausta edeltivin kolmen kuukauden aikana alle puolet
potilaista osti reseptikipulddkkeiti. Vuoden kuluttua leikkauksesta 24 %
lonkkapotilaista ja 24 % polvipotilaista kiytti edelleen kipulddkkeitd ja 5 %:lla lonkka-
ja 7 %o:lla polvipotilaista oli kdytdssad opioidildakitys. Yleisimmait kipulddkeryhmit lapi
koko seuranta-ajan olivat tulehduskipuldike, parasetamoli ja mieto opioidi, kun taas
vahvojen opioiden ja neuropaattisen kivun lddkkeiden kdytt6 oli harvinaisempaa.

Pitkittynyttd leikkauksenjilkeistd kipua raportoi 20 % potilaista polven ja 4 %
potilaista lonkan tekonivelleikkauksen jilkeen. Potilailla, joilla oli leikkausta
edeltdvisti tiedossa diabetes, oli 8-kertainen riski pitkittyneelle leikkauksenjilkeiselle
kivulle. Lievemmilld sokeriaineenvaihdunnan hairi6illd ja metabolisella oireyhtymalld
ei havaittu yhteyttd kipuun. Leikkauksenjilkeista pitkittynyttd kipulddkkeiden kaytt6a
ennusti voimakkaimmin leikkausta edeltivi kipulddkkeiden, masennusldikkeiden ja
bentsodiatsepiinien kayttd, ja erityisesti kahden viimeksi mainitun yhtdaikainen
kaytt. Muita ennustavia tekijoitd olivat monisairastavuus ja vaikea ylipaino. Lisdksi
bilateraalin leikkauksen ldpikdyneistdi polvipotilaista pienempi osuus kiytti
kipuldikkeita leikkauksen jilkeen verrattuna unilateraalin leikkauksen lipikayneisiin
potilaisiin.

Tdman tutkimusten 16ydosten perusteella diabetesta sairastavat potilaat saattavat
olla  korostuneessa  riskissia  pitkittyneelle  leikkauksenjilkeiselle  kivulle
tekonivelleikkauksen jalkeen. Lisaksi potilaat, jotka ovat kéyttineet ennen leikkausta
kipulddkkeitd, masennusldikkeitd tai bentsodiatsepiineja, joilla on ylipainoa tai useita
pitkdaikaissairauksia ovat suurentuneessa riskissd pitkittyneelle kipulddkkeiden
kiytolle leikkauksen jalkeen. Pitkittyneen leikkauksenjilkeisen kivun  tai
kipulddkekayton vahentimiseen tahtidvia interventiota koskeva tutkimusniytté on
vajavaista. Tulevaisuudessa tarvittaisiinkin hyvin suunniteltuja tutkimuksia, jotta
16ydettiisiin  keinoja vdhentdd pitkittyneen kivun ja kipulddkekdyton riskid.
Nykytiedon valossa leikkaavan lddkdrin olisi hyvd olla tietoinen niistd
leikkaustulokseen vaikuttavista riskitekijoistd ja kdydd potilaan kanssa keskustelua
kivun ja kipulddkekdyton pitkittymisen mahdollisuudesta ennen leikkauspditoksen
tekemistd. Leikkausta edeltivin ja leikkauksenjilkeisen kivun hoidon tulisi olla
riittdvdd ja yksilollisesti suunniteltua potilaskohtaiset riskitekijait huomioiden, ja
yksil6llinen kivunhoidollinen seuranta tulisi jarjestdd valikoiduille potilaille.
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1 INTRODUCTION

Hip and knee replacements are one of the most common and cost-effective
musculoskeletal surgical interventions, and the annual number of operations has
increased continuously (Lan et al., 2020; Puroharju et al., 2020). Knee replacement
is the second and hip replacement the fourth most frequent surgical operation
performed in the USA (McDermott et al., 2021). In year 2013, an estimation of a
lifetime risk for hip replacement was between 12% and 16% in females and 8% and
11% in males, and for knee replacement between 10% and 23% in females and 6%
and 15% in males(Ackerman et al., 2019; Ackerman, Bohensky Megan, et al., 2017).
It is estimated that the incidence will grow remarkably by year 2030 (Ackerman,
Bohensky, et al., 2017).

The main indication for these procedures is symptomatic late-stage osteoarthritis.
Although level I evidence of operative versus non-operative treatment is limited to
one RCT comparing knee replacement versus conservative treatment, and there are
no RCTs concerning hip replacement, (Blom et al., 2021), it is widely acknowledged
that for patients with advanced osteoarthritis, hip and knee replacements are highly
effective procedures that reduce pain and improve function and quality of life
(Ferguson et al., 2018; Price et al., 2018). Arthroplasty registers have enabled high-
class research on the outcomes of these surgeries focusing especially on revision risk
of certain implants (Mikelid et al., 2019). Implant technology has improved steadily
over time, and the long-term survivorship of prostheses is excellent nowadays
(Evans, Evans, et al., 2019; Evans, Walker, et al,, 2019; Mikeld et al., 2014).
According to patient-reported outcome measures, most patients have a very good
clinical outcome. However, about 10% of patients with hip replacements and 20%
of patients with knee replacements are dissatisfied after surgery, and this
dissatisfaction is often related to continuing joint pain or poor function (Ferguson
etal., 2018; Price et al., 2018). The primary predictor for postoperative dissatisfaction
after knee replacement seems to be persistent postoperative pain (Scott et al., 2010).
Persistent postoperative pain affects between 5% and 21% of hip replacement
recipients and between 8% and 27% of knee replacement recipients (Beswick et al.,
2012; Erlenwein et al., 2017; Thomazeau et al., 2016). Recently, attempts have been
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made to identify those patients undergoing hip and knee replacement who do not
benefit from surgery as well as expected. The latest studies indicate that major risk
factors for persistent pain include pain catastrophizing, mental health problems
(such as anxiety and depression), high intensity of preoperative pain, and knee
replacement (vs. hip replacement) (Blom et al., 2016; Lewis et al., 2015; Lungu et al.,
2016; Wylde, Beswick, et al., 2018).

Since hip and knee replacements are usually performed to reduce joint pain, it is
expected that the reduction in pain should eventually be reflected in reduced
consumption of analgesic drugs. Indeed, the proportion of patients who redeem
opioids or NSAIDs seems to decrease after surgery (Blagestad et al., 2016; Bolland
et al., 2011; Franklin et al., 2010; Jorgensen et al., 2018). However, over 30% of
patients who undergo hip or knee replacement still use some analgesic drugs (that is
opioids, NSAIDs, or acetaminophen) 1 year after surgery, and between 14% and
16% of patients still use opioids (Blagestad et al., 2016; Jorgensen et al., 2018). Whilst
there may also be other possible pain sites that require drug use, persistent
postoperative pain is one explanation for the prolonged analgesic use in this patient
population. In response to the ongoing opioid epidemic, many studies have been
conducted to identify risk factors for prolonged or increased opioid use after surgery.
After joint replacement, some of the variables associated with the increased
consumption of opioids have included psychiatric disorders, worse preoperative
pain, and catastrophizing (Bedard, Pugely, Dowdle, et al., 2017; Bedard, Pugely,
Westermann, et al., 2017; Bolarinwa et al., 2019; Goesling et al., 2016; Hsia et al,,
2018; Inacio et al., 2016; Jorgensen et al., 2018; Namba et al., 2018). Thus, many of
the factors associated with the consumption of opioids are also associated with
persistent pain (Blom et al., 2016; Lewis et al., 2015; Lungu et al., 2016; Wylde,
Beswick, et al., 2018).

As many patients continue to suffer from persistent postoperative pain, and are
exposed to the potential risks for prolonged use of NSAIDs and opioids, attempts
must be made to identify those patients who are at risk. By identifying modifiable
risk factors for these outcomes, it will be possible to focus efforts on these patients
and reduce the risk for persistent pain and prolonged opioid and other analgesic use
after surgery. The increasing number of primary joint replacements performed
annually promotes these efforts, as greater numbers of patients are at risk for poor
outcomes. Despite the best efforts of previous studies, the actual proportion of
patients who use analgesic drugs before and after hip or knee replacement remains
unknown, as most studies have only analyzed risk factors for prolonged opioid

consumption. Therefore, it is also unknown whether the pharmacological treatment
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of osteoarthritis pain is in accordance with guidelines for the management of
osteoarthritis.

The purpose of this study was to examine the trajectories of analgesic drug
consumption in patients undergoing joint replacement surgery, and to identify those
patients at risk for persistent pain and prolonged opioid and other analgesic drug
use. These issues were examined using clinical data from Coxa Hospital for Joint

Replacement, and register data from the Social Insurance Institution of Finland.
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2 REVIEW OF THE LITERATURE

2.1 Hip and knee replacement

Hip and knee replacement are major surgical procedures in which the hip or knee
joint is replaced by a prosthetic implant. Total hip replacement is used to replace the
joint from both the femur and acetabulum side, whereas knee replacement involves
both femur and tibia. The prostheses are fixed to the bone either using cement or
using cementless components that have rough, porous surface which enables new

bone to grow into the component thus holding it in place.

The procedures are performed under regional or general anesthesia. Before applying
the prosthesis component(s) in place, the procedures require incision of the skin,
division of the underlying tissues (including fascia, muscles and joint capsule), and
removal of bone and cartilage from the index bone(s), and thereby causing major
damage to the involved tissues. Subsequently, most patients experience moderate or
severe acute postoperative pain (Blom et al., 2016). Eatly mobilization is usually
allowed immediately after operation. Postoperative hospitalization period has
shortened in the last years, and some patients are nowadays discharged on the day
of surgery. The recovery period is typically longer after knee replacement than hip
replacement and the pain severity usually plateaus in 3 months after hip replacement
and in 3-6 months after knee replacement. Some improvement may happen until

one year postoperatively.(Lenguerrand et al., 2016; Wieczorek et al., 2020)

2.1.1  Indications and epidemiology

The main indication for hip and knee replacement surgery is painful hip or knee
osteoarthritis with reduced function that is resistant to non-operative treatments
such as activity modification, physiotherapy, and analgesic drugs (Arokoski et al.,
2018; Block, 2014; Ferguson et al.,, 2018; Katz et al.,, 2021; Price et al.,, 2018).
According to the Finnish Arthroplasty Register, the principal indication for primary
hip or knee replacement between years 2014 and 2020 was primary osteoarthritis
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(80%—87% of hip and 86%—-94% of knee replacements), while other indications
include, e.g., avascular necrosis (3% of hip replacements), fractures (4%—5% of hip
and <0.5% of knee replacements), theumatoid arthritis (1% of hip and 2% of knee
replacements), and post-traumatic arthritis (1% of hip and 2%-3% of knee
replacements). Lately, the proportion of primary osteoarthritis as an indication for
surgery has been increasing, whereas the proportion of rheumatoid arthritis has
continued to decrease (Finnish Arthroplasty Register, 2021; Jimsen et al., 2013). The
annual number of joint replacement surgeries continues to increase. Indeed, in 2019,
10 443 primary hip replacements and 13 425 primary knee replacement were
performed in Finland, which is altogether 38% more than 10 years eatlier (Puroharju
et al., 2020).

In general, women undergo hip and knee replacement more often than men, and the
procedures are most commonly performed for patients aged between 65 and 74
years (Ferguson et al., 2018; Price et al., 2018; Puroharju et al., 2020). High BMI (=30
kg/m?) has a strong association with the development of knee osteoarthritis, and
patients with high BMI are more likely to undergo knee replacement than patients
with low BMI (Blom et al., 2016; Springer et al., 2013). Although there is no clear
evidence that high BMI is associated with the development of hip osteoarthritis,
patients with higher BMI are more likely to undergo total hip replacement for
osteoarthritis (Blom et al., 20106; Springer et al., 2013).

2.1.2  Outcomes

Assessment of surgery outcome after joint replacement has traditionally included
implant survival rates and complication rates (Table 1). Overall, the implant
technology used in hip and knee replacement surgery has steadily improved over the
past decades, and the long-term survivorship of the prostheses is excellent (Ferguson
et al., 2018; Price et al., 2018). Indeed, joint replacement register data shows that
10% or less of prostheses are revised during the first 15 years after surgery, and even
the 25-year pooled survival of hip and knee prostheses are 58% and 82%,
respectively (Evans, BEvans, et al., 2019; Evans, Walker, et al., 2019). Moreover,
mortality related to surgery has also reduced to around 0.20% (Price et al., 2018;
Savaridas et al.,, 2013). In another recent development, patient-reported outcome
measures have become more common in the evaluation of joint replacement
procedures (Blom et al., 2016). According to these patient-reported variables, hip
and knee replacements improve quality of life for the majority of patients by reducing
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pain and improving physical function (Shan et al., 2014, 2015; Wieczorek et al.,
2020).

Table 1. A summary of the commonly examined outcomes of hip and knee replacement
(Blom et al., 2016, Ferguson et al., 2018, Price et al., 2018).

Outcome Examples of assessment methods of the
outcome

Long term survival of the prosthesis (revision rate) e e.9. 10-year survival, 15-year survival, 20-
year survival

Complication rate e e.g. Dislocation, infection, periprosthetic
fracture, thromboembolism, neurovascular
damage

Mortality e e.g. 90-day mortality after surgery

Patient-reported outcome measures (PROMS): Pain, ¢ e.g. Condition-specific measures (such as

Function, Quality of Life WOMAC), joint-specific measures (such as

OKS or OHS), pain measures (such as VAS
pain scale), general measures (such as
EQ-5D)

Cost-effectiveness e e.g. Cost-utility analysis (The cost per
quality-adjusted life-year (QALY))

OKS; Oxford Knee Score, OHS; Oxford Hip Score, VAS; Visual analogue scale, EQ-5D; EuroQol five-domain

score

Whereas most patients have a very good clinical outcome according to patient-
reported outcome measures, about 10% of hip replacement patients and 20% of
knee replacement patients are dissatisfied after surgery, and this dissatisfaction is
mostly related to continuing joint pain or poor function (Beswick et al., 2012;
Ferguson et al., 2018; Price et al., 2018). To improve outcomes, the issues of joint
pain and poor function must be addressed, although to do so is a major challenge.
Therefore, in addition to patient selection, an important part of addressing these
issues is to find and optimize those modifiable patient factors that most affect the
outcome of the surgery (Price et al., 2018).

Based on a greater understanding of those factors that are related to the outcome
of surgery, such as expectations, mental state, and preoperative level of symptoms,
attempts have been made to calculate an individual’s capacity to benefit from surgery
(Arden et al., 2017; Ferguson et al., 2018; Price et al., 2018, 2019; Schwartz et al.,
2017). However, the usefulness of these predictive models has not yet been proven
(Arden et al., 2017; Price et al., 2018). Nevertheless, it has been suggested that a
shared decision-making process should be used preoperatively that would provide
patients with clear personalized information. This information would include patient
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factors predictive of a poor outcome, and an assessment of patient-specific
predictions of surgery outcomes (Ferguson et al., 2018; Price et al., 2018).

2.2 Pharmacological treatment of pain before and after joint
replacement

2.2.1  Recommendations for analgesic drug use according to guidelines

Several international organizations have produced guidelines for the management of
osteoarthritis pain (Larmer et al., 2014; Nelson et al., 2014). Of these, the guidelines
given by the American Academy of Orthopaedic Surgeons (AAOS), the American
College of Rheumatology (ACR), and the Osteoarthritis Research Society
International (OARSI) are some of the most widely used, with only minor
differences between the guidelines (Block, 2014; Nelson et al,, 2014). The
pharmacological agents most often recommended for osteoarthritis pain include
acetaminophen (paracetamol) and NSAIDs (Block, 2014; Nelson et al., 2014). Until
recently, the generally recommended steps for the medication of OA pain have been
acetaminophen in the first-line, followed by topical or oral NSAIDs in the second-
line in appropriate circumstances, and supplemented with mild opioids (tramadol
and codeine) for patients with refractory pain (American Academy of Orthopaedic
Surgeons, 2014; Arokoski et al., 2018; Hochberg et al., 2012; Nelson et al., 2014;
Zhang et al., 2010). Other pharmacological methods that have been mentioned in
the guidelines have included intra-articular corticosteroid injections, glucosamine,
chondroitin, intra-articular hyaluronate injections, and duloxetine (American
Academy of Orthopaedic Surgeons, 2014; Hochberg et al., 2012; Nelson et al., 2014;
Zhang et al., 2010).

In year 2017, however, a meta-analysis concluded that acetaminophen is of little
use as a single agent for the management of OA pain because of the very small effect
sizes of acetaminophen compared with placebo and safety concerns (da Costa et al.,
2017). One of the two most recent guidelines (ACR) conditionally recommends the
short-term and episodic use of acetaminophen for OA pain for those individuals
who have limited pharmacologic options due to contraindications to the use of
NSAIDs (Kolasinski et al., 2020), whereas the other recent guideline (OARSI) does
not recommend the use of acetaminophen because it has little or no effect on pain
(Bannuru et al., 2019).
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According to another meta-analysis, topical NSAIDs are effective for pain relief
in knee osteoarthritis without serious risks for adverse events (Zeng et al., 2018).
Thus, topical NSAIDs remain strongly recommended for the management of knee
OA pain (Bannuru et al., 2019; Kolasinski et al., 2020). Furthermore, oral NSAIDs
have been shown to be effective for osteoarthritis pain, but there is a risk for adverse
events (particularly gastrointestinal and cardiovascular events) related to their use.
Thus, oral NSAIDs are recommended for short-term use and at the smallest possible
dose (Bannuru et al., 2019; Kolasinski et al., 2020). Moreover, they should be avoided
on patients with cardiovascular diseases and frailty (Hunter et al., 2019). However,
although OARSI doesn’t recommend their use, a statement was made that NSAIDs
with more favorable safety profiles supplemented with proton-pump-inhibitor (PPI)
may be considered in clinical practice also for high-risk patients (Bannuru et al.,
2019). Intra-articular corticosteroid injections are recommended for hip and knee
osteoarthritis patients who have not responded to oral or topical analgesics,
especially if there are signs of joint inflammation (Bannuru et al., 2019; Hunter et al.,
2019; Kolasinski et al., 2020). There is some evidence that duloxetine, a serotonin
and norepinephrine reuptake inhibitor, results in a clinically relevant reduction in the
symptoms of knee OA with acceptable adverse effects. Furthermore, the most recent
guidelines conditionally recommend its use, especially in knee OA patients with
depression and/or widespread pain disorders (Bannuru et al., 2019; Hunter et al.,
2019; Kolasinski et al., 2020).

Recently, evidence has emerged that suggests that opioids do not provide relevant
benefit when compared to NSAIDs in the management of osteoarthritis pain. In
addition, opioids have higher rates of adverse events (Busse et al., 2018; Krebs et al.,
2018). Interestingly, based on the findings of a meta-analysis, strong opioids seem to
have even weaker efficacy on OA pain and overall worse safety than
weak/intermediate opioids (Osani et al., 2020). Until 2014, most guidelines were
uncertain about the use of opioids for the treatment of OA pain. More recently,
however, recommendations have been made against prescribing opioids for patients
with OA (Bannuru et al., 2019; Hunter et al., 2019). Also, the 2019 version of the
ACR guideline recommends against the use of non-tramadol opioids, but still
conditionally recommends the use of tramadol in patients with contraindications for
NSAIDs, inadequate pain relief from other therapies, or with no available surgical
options (Kolasinski et al., 2020). Table 2 summarizes the latest recommendations by
AAOS, ACR, and OARSI(AAOS, 2017, 2021; Bannuru et al., 2019; Kolasinski et al.,
2020).
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Table 2. Recommendations for the pharmacological management of

osteoarthritis

Hip OA Knee OA

AAOS ACR  OARSI AAOS ACR  OARSI
Topical NSAIDs ++ ++ 4
Topical capsaicin + -
Acetaminophen + - ++ + -
Oral NSAIDs ++ ++ +* ++ ++ +*
Duloxetine + - + +
Tramadol + -- .- + -
Non-tramadol opioids - -- -- - --

Glucosamine - -- .-
Chondroitin sulfate -- --

Intra-articular ++ ++ + 4 4
corticosteroids

Intra-articular hyaluronic -
acid injection

'
'
'
'
'
'

+

++ Strongly recommended

+ Conditionally recommended

- Conditionally recommended against

- - Strongly recommended against

Empty box indicates that there is no recommendation.

* Recommendations for patients without comorbidities. NSAID + PPl or COX-2 inhibitors are
recommended for patients with gastrointestinal comorbidities. Despite that there is no
recommendation, in situations where the patient and physician choose to proceed with an oral
NSAID in patients with cardiovascular comorbidities or frailty, low dose should be used for
short time and a PPI should be added.

1 Recommended for those patients who have widespread pain and/or depression but no
gastrointestinal or cardiovascular comorbidities.
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Joint replacement should be considered in end-stage osteoarthritis if all non-
surgical treatment options, delivered for 6 months, have provided unsuccessful
results in managing pain and function, and the patient’s quality of life is greatly
reduced (Ferguson et al., 2018; Hunter et al., 2019; Price et al., 2018). However, there
is a great variety in the thresholds for referring patients for joint replacement among
general practitioners, and efforts have been made to produce thresholds for referral
based on, for example, patient-reported outcome measures (Price et al., 2019).

There are no guidelines for the pharmacological treatment of persistent
postoperative pain after joint replacement.

2.2.2  Actual use of analgesic drugs

As the literature on the actual analgesic use of OA patients is limited, the proportion
of OA patients who use analgesic drugs is not completely known. However, it has
been estimated that nearly half of all hip and knee osteoarthritis patients use some
form of pain medication (Kingsbury et al., 2013; Knoop et al., 2017). In one study
(Kingsbury et al., 2013), the most common pain medications that were used
frequently (more than half of the days in the previous month) by knee OA patients
were chondroitin and/or glucosamine (41%), ovet-the-counter (OTC) NSAIDSs
(27%), acetaminophen (14%), coxibs (10%), prescription NSAIDs other than coxibs
(8%), and opioids (3%). In another study, 50% of hip or knee OA patients reported
the use of acetaminophen, 30% reported the use of NSAIDs, and 12% reported the
use of opioids (Knoop et al., 2017). A large Swedish register study examined opioid
use among 750 000 residents (out of which 82 000 had hip or knee OA) using a
national drug prescription register. The investigators found that over a 1-year period
opioids were redeemed by 24% of people with OA and by 10% of people without
OA (Thotlund et al., 2019).

There is also a scarcity of studies in the literature that investigate the overall
analgesic use trajectories in patients who are undergoing joint replacement. One
study reports that the proportion of patients who use analgesic drugs increases
during the year prior to hip replacement surgery, peaks in the acute postoperative
period, and then decreases thereafter (Bligestad et al., 2016). Depending on the
methodology used in the study, the proportion of hip and knee replacement

recipients using analgesic drugs before surgery has varied from 48% to 94%, and the
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most commonly used oral analgesics have been acetaminophen, NSAIDs, and mild
opioids (Blagestad et al., 2016; Dusad et al., 2015; Fuzier et al., 2014; Inacio et al.,
2018; Jorgensen et al., 2018; Pryymachenko et al., 2020). In a study including 8975
patients undergoing hip or knee replacement (Jorgensen et al., 2018), 48% of patients
redeemed at least one analgesic drug 1 month prior to surgery. In total, 25%
redeemed NSAIDs, 24% redeemed acetaminophen, and 24% redeemed opioids 1
month preoperatively.

Although the literature is otherwise limited, there has been a large number of
studies that have analyzed opioid use. Recent register studies have found that around
24% to 60% of patients are being prescribed opioids prior to joint replacement
(Bedard, Pugely, Dowdle, et al., 2017; Bedard, Pugely, Westermann, et al., 2017;
Jorgensen et al., 2018; Namba et al., 2018), and a recent meta-analysis including 11
studies found that nearly 12% of patients still use opioids 3 to 12 months after hip
or knee replacement (L. Wu et al, 2020). Additionally, the prevalence rate of
prolonged opioid use increased significantly between 2001 and 2013 according to a
meta-regression including studies mostly from the USA (L. Wu et al, 2020).
However, less is known about the prolonged use of other medications after surgery.
In Danish material, 34% of patients used any analgesic drugs 1 year (during a three-
month period 9-12 months postoperatively) after hip or knee replacement, and a
total of 17% redeemed NSAIDs, 24% redeemed acetaminophen, and 16% redeemed
opioids (Jorgensen et al., 2018).

2.3  Persistent postoperative pain

2.3.1  Definition and prevalence

Most surgical procedures involve some postoperative pain. In some patients, pain
persists longer than the normal healing period, even though there are no
complications that would explain the ongoing pain. The term chronic post-surgical
pain (CPSP) has been created to describe such an outcome. The definition of CPSP,
in other words, persistent postoperative pain, or persistent post-surgical pain, has
evolved over the years, and there is still some variation in the definition. The first
definition of CPSP containing operational criteria was proposed in 1999 (Macrae et
al., 1999) and defined CPSP as follows: “The pain developed after a surgical

procedure, the pain is of at least two months duration, other causes for the pain
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should have been excluded (e.g. continuing malighancy or chronic infection), and
the possibility that the pain is continuing from a pre-existing problem must be
explored and exclusion attempted.” Since then, some updates to this definition have
been proposed (Macrae, 2001; Werner et al., 2014), and the 11th revision of the
International Statistical Classification of Diseases and Related Health Problems
(ICD) defines CPSP as pain in the area of surgery that develops after surgical
procedure, persists or recurs longer than 3 months after surgery, and is not better
explained by another cause, such as infection, malignancy, or a pre-existing pain
condition (Schug et al., 2019). The time of onset of pain has mostly been set between
3 and 6 months, but the key issue is that pain persists beyond the normal healing
process (Glare et al., 2019).

The prevalence of CPSP is approximately 10% after all surgical procedures, and
it is relatively common after frequently performed procedures, such as mastectomy
(11%—57%), inguinal hernia repair (5%0—63%), coronary artery bypass graft surgery
(30%—-50%), hip replacement (7%—23%), and knee replacement (10%—34%)
(Beswick et al., 2012; Glare et al., 2019).

2.3.2  Etiology and clinical features

Chronic pain can be broadly categorized into nociceptive pain (pain that is caused
by activation of nociceptors due to actual or threatened damage to non-neural
tissue), or neuropathic pain (pain that is caused by a lesion or disease of the
somatosensory nervous system) (Treede et al, 2015, 2019). Lately, a third
mechanistic pain descriptor, nociplastic pain, has been introduced to describe pain
conditions characterized by evidence of altered nociception in patients who have
“no clear evidence of actual or threatened tissue damage causing the activation of
peripheral nociceptors or evidence for disease or lesion of the somatosensory system
causing the pain” (Kosek et al., 2016; Nicholas et al., 2019). The examples of
nociplastic pain include fibromyalgia, nonspecific chronic low-back pain, and CRPS
(Kosek et al., 2016). CPSP is generally thought to be of neuropathic origin and
caused by perioperative nerve damage (Glare et al., 2019; Kehlet et al., 2000).
However, neuropathic pain appears to be less common in patients who undergo
joint replacement. Indeed, 3 to 4 years after surgery, only 1% of patients with a hip
replacement and 6% of patients with a knee replacement described their pain in a
way that was neuropathic in nature (Wylde et al., 2011). Instead, these patients often
described their pain as aching, tender, and tiring which indicates the presence of
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nociceptive pain (Wylde et al., 2011). In another study, 6% of patients likely had
neuropathic pain 3 years after knee replacement (Phillips et al., 2014). In a small
series of patients with unexplained pain after knee replacement, 43% of patients were
categorized as having nociceptive pain, whereas 25% had pain sensitization and 32%
had mixed pain (Phillips et al., 2017).

Some of the mechanisms that are responsible for the transition from acute to
chronic pain have been identified (Glare et al., 2019). In summary, a bidirectional
network of neurons carries the sensory aspects of pain by transmitting a variety of
noxious signals from peripheral nociceptive Ad-fibers and C-fibers to the dorsal
horn of the spinal cord, where the noxious signals are passed to ascending projection
neurons and thereafter via the thalamus to the cortex. Modulation of these noxious
signals happens at every level of the nervous system, and a descending analgesic
pathway is one of the key modulators (Glare et al., 2019). Nerve damage caused by
surgery sets off a complex cascade of events that includes inflaimmation and
hyperalgesia. Prolonged inflaimmation and prolonged excitation of nociceptors can
result in localized sensitization (or peripheral sensitization), which may lead to
sensitization of the central nervous system (central sensitization) and may further
lead to widespread pain hypersensitivity (Petersen et al, 2016). Briefly, pain
sensitization means that pain signals are amplified and maintained, and it is
responsible for wound hyperalgesia after injury or surgery. Central sensitization is
mainly responsible for secondary hyperalgesia, i.e., increased pain sensitivity outside
the area of injury (Richebe et al., 2018). Since the removal of nociceptive input from
the joint by performing joint replacement does not completely remove pain, it is
believed that central sensitization also plays a role in ongoing pain after joint
replacement (Petersen et al., 2016). However, the etiology of CPSP after joint
replacement is most probably multifactorial and likely affected by psychosocial
factors as well as surgical factors (Petersen et al., 2016; Wylde, Beswick, et al., 2018).

24  Persistent postoperative pain after hip and knee
replacement

241 Prevalence

Almost all patients experience some degree of pain in the early phase following joint

replacement surgery. The severity of pain usually plateaus at 3 months after hip
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replacement and between 3 and 6 months after knee replacement, whereas some
improvement in pain outcomes may occur 1 year after surgery (Lenguerrand et al.,
2016; Phillips et al., 2014; Wieczorek et al., 2020; Wylde, Beswick, et al., 2018).
However, the existing literature reports that many patients who undergo joint
replacement continue to experience long-term persistent postoperative pain
(Beswick et al., 2012; Glare et al.,, 2019; Puolakka et al., 2010; Wylde et al., 2011).
According to a comprehensive review (Beswick et al.,, 2012), the proportion of
people with an unfavorable long-term pain outcome of between 3 months and 5
years after surgery is estimated to range from about 5% to 21% after hip replacement
and from 8% to 27% after knee replacement (Table 3, Table 4) (Baker et al., 2007;
Czurda et al., 2010; Erlenwein et al., 2017; C. A. Jones et al., 2000; Lundblad et al.,
2008; Nikolajsen et al., 2006; A.-K. Nilsdotter et al., 2003; A. K. Nilsdotter et al.,
2009; Nufiez et al., 2007; Petersen et al., 2015; J. M. Quintana et al., 20006; Singh et
al., 2010; Thomazeau et al., 2016; Vuorenmaa et al., 2008; Wylde et al., 2011). It is
not really known why patients undergoing knee replacement experience more pain
than patients undergoing hip replacement (Kugelman et al., 2021).

One reason for the great variety in the prevalence of pain is the varying definitions
of pain outcomes among individual studies (Table 3, Table 4). Some studies have
defined CPSP as any pain present in the follow-up, whereas others have defined a
minimum intensity (for example NRS >3), and some have examined improvement
compared to preoperative pain. Most studies, however, have not assessed all the
criteria for CPSP, for example, whether pain has persisted for at least 3 months
(Table 3, Table 4). Indeed, the criteria that pain should not persist from a pre-existing
painful condition is questionable for joint replacement, which is a procedure that is
typically performed because of pre-existing pain. One good-quality study examined
pain variables 3 to 4 years after surgery on 662 hip and 632 knee replacement patients
and found that 27% of hip replacement patients and 44% of knee replacement
patients reported having persistent postsurgical pain of any severity that had been
present for at least 3 months. Moreover, 6% of the hip replacement patients and
15% of the knee replacement patients reported that the intensity of pain was severe
to extreme (Wylde et al., 2011).
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Assessment methods

Patients with CPSP have most often been identified using a validated questionnaire
(either postal questionnaire or review by research investigator) at least three months
after surgery (Table 5). In previous studies, a wide variety of composite and single-
item measures have been used to study postoperative pain (Beswick et al., 2012;
Blom et al., 2016; Lungu et al., 2016; Wylde et al., 2013). A systematic review of the
methods used to study CPSP after TKA found that a total of 54 different multi-item
tools containing pain questions were used in the included 1164 studies. The most
commonly used multi-item measures were American Knee Society Score (KSS),
Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC),
Hospital for Special Surgery Knee Score (HSS knee score), Short Form 36 (SF-36),
and Oxford Knee Score (OKS) (Wylde et al., 2013).

However, there is a great variation in how extensively postoperative pain is
assessed by the methods used to study CPSP (Table 5). In general, none of the
validated questionnaires assesses all the criteria of the definition of CPSP. Mostly,
only the criterion of pain persisting at least 3 months after surgery is fulfilled
(although it is not known whether the pain has been present the whole time). For
example, the WOMAC questionnaire, which is one of the most comprehensive
measures, only asks about the pain present during the week prior to answering the
questionnaire. Moreover, these methods do not assess whether the pain developed
after the surgical procedure or is not better explained by another cause. At present,
the literature almost exclusively lacks information on postoperative pain that would
fulfil all the criteria of CPSP. On the other hand, using strict CPSP criteria has
problems in those procedures, such as joint replacement, in which the aim of the
surgery is to relieve pre-existing pain, and it is therefore difficult to determine
whether a chronic postoperative pain problem is a continuation of pre-existing pain
or not (Blom et al., 20106). In accordance with the earlier literature and review articles,
the present review also includes studies assessing the prevalence and risk factors for
chronic postoperative pain, even though the methods may not have followed all the
criteria of CPSP.

The Initiative on Methods, Measurement, and Pain Assessment in Clinical trials
(IMMPACT) has recommended that clinical trials investigating the efficacy of
chronic pain treatments should include outcome measures that reflect the
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multidimensional nature of pain, and encompass pain severity, pain medication
usage, pain quality, and the temporal aspects of pain (Dworkin et al., 2005). Similatly,
it has been recommended that observational studies on CPSP should measure pain
intensity (either using VAS or NRS, or a more comprehensive measurement at rest
and in movement), pain quality (for example a neuropathic scale could be used to
separate neuropathic from nociceptive pain), the temporal aspects of pain with
repetitive measurements, and the use of analgesics (VanDenKerkhof et al., 2013).

A variety of methods have been used to study postoperative pain after other types
of surgery (Guimaraes-Pereira et al., 2017; Wang et al., 2016). In a meta-analysis
considering persistent pain after breast cancer surgery, for example, only 1 out of 22
studies had used the IASP criteria for persistent postsurgical pain exactly (Wang et
al., 20106). Furthermore, a meta-analysis on persistent pain after cardiac surgery
included only studies in which the definition of CPSP was in accordance with IASP
criteria (11 studies were excluded because of different definition, altogether 23
studies were included) (Guimaraes-Pereira et al., 2017). Indeed, standardization and
improvements in the assessment of CPSP are needed to enhance the quality of
research (Wylde et al., 2013).

The methods that have been used to study prolonged or increased postoperative
analgesic use after joint replacement have most often included the examination of
the overall proportions of patients using analgesic drugs, or the proportions of
patients with increased or decreased analgesic use based on a defined daily dose
(DDD) (Fuzier et al., 2014; Jorgensen et al., 2018; Singh et al., 2010, 2012; L. Wu et
al., 2020). One study has analyzed both the prevalence of pain and analgesic use after
surgery (Singh et al., 2010).
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2.4.2  Differential diagnostics

Accurate diagnosis should be made to manage postoperative pain after joint
replacement, and specific reasons requiring revision surgery or other specific
treatment methods should be ruled out before making a diagnosis of persistent
postoperative pain. The assessment of patients with postoperative pain may include
clinical evaluation, serological investigation, diagnostic imaging and microbiological
analysis (Toms et al., 2009). Differential diagnosis of a painful hip replacement
includes intrinsic or implant-related problems, such as instability, aseptic loosening,
infection, adverse reaction to metal debris, mechanical-impingement, fatigue
fractures, and heterotopic ossification (Bolognesi et al., 2015; Classen et al., 2013).
Other possible causes of pain may include other pain sites, such as the greater
trochanteric pain syndrome, hernia (femoral, inguinal), malighancy/metastases,
vascular injury, and irritation. There may also be neurological causes including
intraoperative nerve injury and nerve irritation caused by prosthetic components,
scar tissue, or bone cement (Bolognesi et al., 2015; Classen et al., 2013). Furthermore,
the primary cause of pain may have been in the lumbar spine in the first place, and
thus the indication for surgery may not have been correct (Bolognesi et al., 2015;
Classen et al., 2013). Pain after knee replacement may be caused by a mechanical
prosthesis-related problem, such as instability, aseptic loosening, stiffness,
malalignment, malrotation, incorrect sizing, and impingement. Additionally, patients
should be evaluated for localized nerve injury, infection, periprosthetic fractures,
problems with the extensor mechanism, and recurrent hemarthrosis (Toms et al.,
2009; Wylde, Beswick, et al., 2018).

24.3  Risk factors for persistent postoperative pain

Several review articles have assessed those factors that are associated with persistent
pain after hip (Blom et al., 2016; Classen et al., 2013; Hofstede et al., 2016; Lungu et
al.,, 2016; Petersen et al., 2016; Schwartz et al., 2017) and knee replacement (Blom et
al., 2016; D. H. Kim et al., 2018; Lavand’Homme et al., 2015; Lewis et al., 2015;
Schwartz et al., 2017; Wylde et al., 2017; Wylde, Beswick, et al., 2018). Additionally,
one meta-analysis has analyzed predictors of postoperative pain after TKA in over
30000 subjects aggregated from 32 separate studies (Lewis et al., 2015). According
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to this meta-analysis of knee replacement patients (Lewis et al., 2015), the strongest
preoperative risk factors for persistent pain following total knee replacement are pain
catastrophizing, preoperative pain severity, poor mental health, and the presence of
comorbidities. Additionally, a poorer level of preoperative function, a greater
number of other pain sites, depression, and anxiety were all associated with CPSP in
univariable analysis, whereas age, gender, education, patella resurfacing, and weight
only had a very small effect size or were not associated with postoperative pain at all
(Lewis et al., 2015). A systematic review considering hip replacement stated that
lower educational status, worse preoperative pain/function, higher body mass index,
presence of a greater level of comorbidity, lower general health, and lower
radiographic OA severity were determinants of worse postoperative pain, according
to the highest level of evidence studies (Lungu et al., 2016). Table 6 summarizes the
key risk factors for persistent postoperative pain and the risk factors for

prolonged/increased opioid use after joint replacement.

Table 6. Key risk factors for persistent postoperative pain and prolonged/increased opioid
use after joint replacement.*
Hip replacementt Knee replacementt
CPSP Opioid use CPSP Opioid use
Younger age +- +- + +-
Female gender +- +- + +-
Greater preoperative pain + +- + +-
Other pain sites + + + +
Mental health problems
Anxiety +/- +- + +
Depression +- +- + +
Pain catastrophizing + +/- + +-
Higher number of + +- + +-
comorbidities
Higher BMI + +- + +-
Previous opioid use +/- + +- +

* The factors included in this table are those that have been most analyzed in the earlier literature, according
to previously published studies and review papers (Blom et al. 2016, Bonacia et al. 2019, Bonnin et al. 2011,
Hofstede et al. 2016, Khatib et al. 2015, Kim et al. 2017, Lewis et al. 2015, Liu et al. 2018, Lungu et al. 2016,
Petersen et al. 2018, Pozzobon et al. 2018, Pryymachenko et al. 2020, Vissers et al. 2012, Wu et al. 2020).
The conclusions are drawn based on the conclusions of earlier meta-analyses or systematic reviews, and the
arguments in the background of each factor are presented in the main text. If no conclusions could be made,
the results were stated to be conflicting.

t conflicting results in the literature: +/-

factor is associated with increased risk: +
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Even though many preoperative risk factors for CPSP have been identified, there
has been limited success in developing predictive models. So far, even multivariable
predictive models have had low predictive power and there are no algorithms that
can guide the preoperative identification of patients at risk of CPSP (Wylde, Beswick,
et al., 2018). The difficulty is probably related to the complex nature of CPSP and
the interactions between multiple risk factors. Additionally, there may be some
factors that have not yet been discovered.

Some of the established risk factors are modifiable, whereas others are
nonmodifiable (e.g., age and gender). Defining modifiable risk factors enables the
correction of these factors in the preoperative optimization protocols, whereas
nonmodifiable factors may be used in patient counseling and for predicting

outcomes in patients undergoing joint replacement.

Pre- and perioperative risk factors
Age

Contflicting results have been reported on whether age is associated with the
prevalence of persistent postoperative pain after THA (Hofstede et al., 2016; Lungu
et al., 2016), whereas younger age has often been identified as a risk factor for
persistent pain after TKA (Bonasia et al., 2019; Bonnin et al., 2011). However,
according to a meta-analysis of TKA patients (Lewis et al., 2015), the effect size of
age was small and only significant in univariable but not multivariable analyses. The
authors of the meta-analysis stated that the small effect size may be related to the
increased likelihood of comorbidities at an older age, which may confound the
potential increased risk related to younger age (Lewis et al., 2015).

Gender

Contflicting results have been reported regarding the association between gender and
persistent postoperative pain after THA (Hofstede et al., 2016; Lungu et al., 2016),
whereas in many studies female gender has been associated with higher risk for CPSP
after TKA (Bonnin et al., 2011; D. H. Kim et al., 2018). However, the effect size
was small in TKA patients in a meta-analysis using multivariable analytical methods,
suggesting that the clinical importance of gender is also minimal among knee

replacement recipients (Lewis et al., 2015).
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Comorbidities

Multi-morbidity is common in patients undergoing joint replacement, with around
64%—70% of patients having at least one comorbidity (Blom et al., 2016). A higher
number of comorbidities was associated with CPSP after TKA in a meta-analysis,
but the effect size was small (Lewis et al, 2015). Similarly, the number of
preoperative comorbidities has been associated with worse pain scores after THA
(Lungu et al., 2016). Fibromyalgia is one individual comorbidity that has been clearly
associated with a higher risk for postoperative pain after joint replacement, which
may be partly related to the association between fibromyalgia and higher
preoperative pain, worse anxiety and depression scores, and pain catastrophizing
(Brummett et al., 2015; D’Apuzzo et al., 2012). The significance of other individual

comorbidities is either not relevant or has not been studied extensively.

BMmI

The majority of patients undergoing hip or knee replacement are obese (Blom et al.,
2016). According to systematic reviews, obesity seems to be associated with higher
postoperative pain scores after joint replacement, although the results are somewhat
conflicting (Blom et al., 2016; Hofstede et al., 2016; Liu et al., 2015; Lungu et al.,
2016; Pozzobon et al., 2018). Higher BMI has been associated with worse
postoperative long-term pain outcomes in some studies after hip replacement and
the most common threshold for worse outcome has been BMI 235 kg/m?2 (Davis
et al,, 2011; C. A. Jones et al., 2012; Judge et al., 2013; Mukka et al., 2020; Singh et
al., 2010; Stevens et al., 2012). However, no such association has been found in other
studies considering hip replacement (Gandhi, Dhotar, et al., 2010; Halawi et al., 2019;
Moran et al., 2005; A.-K. Nilsdotter et al., 2003).

Similarly, some studies have found an association between higher BMI and worse
postoperative joint pain scores after knee replacement, with varying thresholds of
BMI 230 kg/m? (Gandhi, Razak, et al., 2010), BMI =235 kg/m? (C. A. Jones et al.,
2012; Nunez et al., 2009), or BMI = 40kg/m? (Halawi et al., 2019; Rajgopal et al.,
2008) whereas in some other studies there has been no such association between
BMI and postoperative pain (Papakostidou et al., 2012; Perrucio et al., 2012; Sullivan
et al., 2011).

The most recent meta-analysis including 7 studies showed that obese patients
(BMI 230 kg/m?) report more pain in the short-term and long-term after hip or
knee replacement compared to non-obese patients (Pozzobon et al., 2018). A similar
finding was made in another meta-analysis (Liu et al., 2015). Moreover, pain levels
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after hip and knee replacement seem to be even higher in patients with particularly
high BMI (=35 kg/m?2) compared to patients with low BMI (Blom et al., 2016;
Hofstede et al., 2016; Liu et al., 2015; Pozzobon et al., 2018). However, most patients
with high BMI also benefit from surgery with a reduction in long-term pain (Blom
et al., 2016; Hofstede et al., 2016; Liu et al., 2015; Pozzobon et al., 2018).

Pre-surgical mental health

Studies investigating general mental health have most often used generic measures,
such as the SF-36 and SF-12 mental health components (Blom et al., 2016; Khatib
et al.,, 2015). Poor presurgical mental health predicted persistent postoperative pain
after knee replacement in a meta-analysis (Lewis et al., 2015), and similar findings
were made in other systematic reviews considering TKA (Blom et al., 2016; Khatib
et al., 2015; Vissers et al., 2012). However, there were no clear findings regarding
general mental health and persistent postoperative pain in two systematic reviews
concerning THA (Blom et al., 2016; Vissers et al., 2012).

Anxiety and depression are common comorbidities in patients with osteoarthritis
(Axford et al., 2010; Gleicher et al., 2011; Stubbs et al., 2016). In line with the results
concerning general mental health, preoperative depression and anxiety have been
associated with postoperative pain after knee replacement (Baert et al., 2016; Blom
et al., 2016; Khatib et al., 2015). However, the results concerning postoperative pain
after hip replacement are more conflicting. There is some evidence to suggest that
patients with depression before THA may have poorer long-term pain outcomes but
the evidence for anxiety is weaker (Blom et al., 2016). Most studies investigating
mental health problems in hip replacement patients have assessed general mental
health measures, such as SF-36 and SF-12, whereas the number of studies that have
specifically investigated the association between depression or anxiety and CPSP is
relatively low (Blom et al., 2016). According to one large register study, preoperative
anxiety and depression were associated with poorer long-term pain relief after hip
replacement (Rolfson et al., 2009). In some other studies, depression was also
associated with poorer long-term pain outcomes (Clement et al., 2011; Singh et al.,
2010) whereas there was no difference concerning anxiety (Singh et al., 2010).

A high level of pain catastrophizing was one of the strongest independent
predictors of CPSP after TKA in a meta-analysis (Lewis et al., 2015) which is in line
with findings from other studies after hip and knee replacement (Baert et al., 2016;
Petersen et al., 2016; Wood et al, 2021). Pain catastrophizing behavior is a
psychological factor affecting the ability to cope with the experience of pain, which

means that there is an enlarged negative orientation toward actual or anticipated pain
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experiences (Quartana et al., 2009). Pain experience is a complex sensory experience
that is considerably modulated by psychological factors (Petersen et al., 2016). It is
probable therefore that the tendency to catastrophize may focus attention on and
increase awareness of postoperative pain, and thus magnifying pain severity (Sullivan
et al., 2001).

Pre-surgical pain

A higher level of preoperative joint pain was strongly associated with CPSP after
TKA in a meta-analysis (Lewis et al., 2015). Similar findings have been reported after
TKA and THA in other studies (Blom et al., 2016; Lungu et al., 2016; Petersen et al.,
2016; Sayers et al., 20106). In contrast, a better level of preoperative pain has been
associated with a smaller change in pain status after surgery (Lenguerrand et al., 2016;
Lungu et al., 2016). Thus, patients with worse preoperative pain scores tend to have
greater absolute improvement, but these patients still report worse pain scores after
hip and knee replacement than those patients with better preoperative pain scores.

It seems that there are also differences regarding pain during rest and pain during
movement (Sayers et al., 2016). In patients with knee replacements, the strongest
association was between the severity of preoperative pain during movement and the
severity of chronic postoperative pain during movement, whereas in patients with
hip replacements there was a weak association between the severity of preoperative
pain during rest and the severity of chronic postoperative pain during rest (Sayers et
al., 2010).

Greater joint pain indicates that there is more nociceptive input or a more
sensitized nociceptive system. It may also be that central sensitization plays a role in
the ongoing pain in these individuals, since the removal of nociceptive input from
the joint by performing joint replacement does not completely remove pain
(Petersen et al., 2016). There is some evidence in the earlier literature that “prolonged
pain can cause sensitization of the peripheral and central nervous system that is likely
due to alterations in peripheral nociceptors, spinal inhibition and hyperexcitability,
and supraspinal mechanisms” (D. H. Kim et al., 2018). Therefore, pain may persist
because of a central mechanism despite the correction of the peripheral factors
associated with this pain. One example of this is that patients who have higher
preoperative pain scores report higher pain scores after hip and knee replacement,
despite the greater absolute improvement in pain scores (Lenguerrand et al., 2016;
Lungu et al.,, 2016).

It is not known whether patients with more severe symptoms at the time of knee

replacement would benefit from earlier surgical intervention, when symptoms are
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less severe, and/or tailored pre- and postoperative rehabilitation (Lenguerrand et al.,
2016). There is some clinical evidence to suggest an association between presurgical
mechanical allodynia and temperature hyperalgesia and CPSP following TKA,
indicating the role of peripheral sensitization in the development of CPSP (D. H.
Kim et al., 2018). Additionally, preoperative opioid use is associated with worse pain
and function according to patient reported outcome measures after joint
replacement (Goplen et al., 2019).

Other pain sites

A higher number of other pain sites has been associated with CPSP after joint
replacement (Lewis et al., 2015; Petersen et al., 2016). Patients who had 4 or more
symptomatic arthritic joints prior to TKA had more pain in their operated knee 1
year after surgery compared to patients with fewer symptomatic joints (Perrucio et
al., 2012). The presence of pain in the contralateral hip or knee before hip or knee
replacement has been associated with worse postoperative pain in the operated joint
6 to 12 months after surgery (Kahn et al, 2014; M. Quintana et al., 2009).
Concomitant lower back pain has also been associated with worse postoperative pain
scores after TKA and THA (Collados-Maestre et al., 2016; M. Quintana et al., 2009).

Patients with multiple pain sites may have widespread sensitization in the
nociceptive system (Lewis et al., 2015). Heightened widespread sensitivity to
nociceptive pain input has been associated with higher preoperative and
postoperative pain severity, which may be one explanation for the finding related to
the association between other pain sites and CPSP (Baert et al., 2016; Wylde et al.,
2015).

Pre-surgical function and general health level

Worse preoperative function has been associated with worse postoperative pain
levels in hip replacement patients (Lungu et al., 2016). Additionally, those patients
with no regular physical activity in adulthood were more likely to report pain long-
term following TKA, but this study included only 104 patients (Thomazeau et al.,
2016). Poor general health level measured by the SF-36 and SF-12 questionnaires
has been associated with worse postoperative pain after hip replacement (Lungu et
al., 2016; M. Quintana et al., 2009).
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Radiological OA severity

There seems to be a subgroup of patients who have high pain but low radiological
osteoarthritis severity, and these patients seem to be highly sensitive to pain
(Petersen et al., 2016). According to a meta-analysis (Shohat et al., 2021), patients
with mild radiographic OA (K-L < 3) have an increased risk for pain (OR 2.45 (95%
CI 1.8-3.3)) and dissatisfaction (OR 2.43 (95% CI 1.8-3.3)) after knee replacement,
compared to patients with more severe OA (K-L > 3). However, it is not known,
whether K-L 2 or 3 is a better threshold for mild OA in this context (Shohat et al.,
2021). Similar findings have been made concerning mild OA and postoperative pain
after hip replacement (Dowsey et al., 2016; Tilbury et al., 20106).

Revision surgery

Less improvement in pain has been associated more with revision surgery of the hip
or knee than with primary THA or TKA (Lenguerrand et al., 2016; Petersen et al.,
2015; Postler et al., 2017). In one study (Petersen et al., 2015), 19% of patients with
primary TKA and 47% of patients with revision TKA reported severe or unbearable

pain 3 years after surgery.

Postoperative risk factors

Acute postoperative pain within 1 to 7 days after surgery has been found to be
associated with CPSP after hip and knee replacement, although this effect may be
less important than preoperative pain (D. H. Kim et al., 2018; Pinto et al., 2013;
Sayers et al., 2016; Thomazeau et al., 2016; Wylde et al., 2017). The evidence is more
conflicting concerning the association between pain severity later on in the
postoperative period (in weeks 2-12) and CPSP after knee replacement (Wylde et al.,
2017). Moreover, the authors of a systematic review that focused on postoperative
risk factors for CPSP concluded that there was insufficient evidence to draw firm
conclusions about any associations between postoperative factors (postoperative
pain, postoperative function, or postoperative psychosocial factors) and chronic pain
after knee replacement (Wylde et al., 2017).
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244  Risk factors for prolonged/increased use of analgesic drugs

Promoted by the ongoing opioid epidemic, previous studies investigating analgesic
use after joint replacement have almost exclusively focused on opioid consumption.
Psychiatric disorders, worse preoperative pain, and preoperative opioid use have all
been strongly associated with increased consumption of opioids after joint
arthroplasty (Pryymachenko et al., 2020; L. Wu et al., 2020). A recent meta-analysis
including 15 studies and 416 321 patients analyzed risk factors associated with
prolonged opioid use after total joint arthroplasty (14 studies on hip or knee
replacement patients, 1 study on shoulder replacement patients) (L. Wu et al., 2020).
The largest effective risk factors for prolonged use of opioids were previous opioid
use (RR 1.73 (95% CI: 1.63—1.84)), post-traumatic stress disorder (RR 1.34 (1.17—
1.53)), benzodiazepine use (RR 1.38 (1.26-1.51)), tobacco abuse (RR 1.26 (1.15—
1.38)), fibromyalgia (RR 1.51 (1.13-1.62)), knee vs hip surgery (RR 1.75 (1.59-1.92))
and back pain (RR 1.34 (1.28-1.65)).

Another recent meta-analysis analyzed risk factors associated with prolonged
opioid use after any surgery (12 of the 33 included studies were on hip or knee
replacement patients), and found that the strongest predictors of increased or
prolonged opioid use were preoperative use of opioids (OR 5.32 (95% CI: 2.94-
9.64)), and a preoperative diagnosis of back pain (OR 2.05 (95% CI: 1.63-2.58))
(Lawal et al., 2020). The other risk factors for opioid use were female gender; lower
educational level (high school degree vs. college degree or higher); the use of
antidepressants, benzodiazepines, alcohol, cocaine, or tobacco before surgery;
preoperative diagnosis of anxiety, depression, mood disorders, and pain conditions,
such as fibromyalgia, migraine, unspecified pain disorder or chronic pain, and
substance abuse (Lawal et al., 2020). Recently, more studies (Bolarinwa et al., 2019;
Chen et al., 2019; Jorgensen et al., 2018; Pryymachenko et al.,, 2020; Sheth et al.,
2020) have been published that have considered the risk factors for chronic opioid
use after joint replacement with essentially the same findings as the earlier meta-
analysis (L. Wu et al., 2020).

Thus, the strongest predictors of postoperative opioid use are essentially the same
as the predictors of CPSP (Table 6). Therefore, it is possible that developing CPSP
warrants long-term opioid management in these patients, and may further explain
the prolonged or increased opioid use in some patients (Lawal et al., 2020). This
finding is supported by a higher risk for prolonged opioid use related to TKA than
to THA (L. Wu et al., 2020), as CPSP is also more common after TKA than THA
(Beswick et al., 2012).
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However, only a few studies have analyzed predictors for postoperative non-
opioid analgesic use (Bolland et al., 2011; Fuzier et al., 2014; Singh et al., 2010, 2012).
Yet, when considering chronic postoperative pain from every aspect, it is essential
to ascertain whether there are factors that are associated with the postoperative use
of not only opioids, but also other analgesic drugs, such as NSAIDs and
acetaminophen. Defining modifiable risk factors for increased postoperative opioid
and other analgesic use may target preoperative optimization protocols to correct
these factors, whereas nonmodifiable factors may be used in patient counselling.

One earlier study reported that high levels of preoperative pain, knee surgery
(compared to hip surgery), and younger age were associated with an increased overall
consumption of analgesic drugs, such as opioids, NSAIDs, acetaminophen, or
medication used for neuropathic pain (Fuzier et al., 2014). Additionally, obesity,
female gender, younger age, and depression were associated with an increased
consumption of NSAIDs in some other studies (Bolland et al., 2011; Singh et al.,
2010, 2012). However, the literature concerning risk factors for the postoperative
use of non-opioid analgesic drugs is scarce, and there is a lack of large register studies
that would have analyzed all analgesic drugs (acetaminophen, NSAIDs, and opioids).
Therefore, it is not known whether predictors of postoperative non-opioid use are

similar to the predictors of postoperative opioid use or CPSP.

245  Prevention, and treatment options

As high preoperative pain intensity, preoperatively elevated pain sensitization, and
psychiatric factors, such as high catastrophizing, have been found to play a major
role as predictors of chronic postoperative pain, they should be targets for
intervention studies (Petersen et al., 2016). A systematic review included 12 RCT's
studying the effectiveness of psychological interventions, such as music therapy,
hypnosis, cognitive-behavioral therapy, and pain coping skills programme for
patients with preoperative pain catastrophizing, for improving pain outcomes after
total knee replacement. The review could not make any conclusive statements due
to the heterogeneity and low quality of the studies (Whale et al., 2019). However,
there were promising findings in one of the included studies (Cai et al., 2018) on the
use of cognitional-behavioral therapy (CBT) on those patients who experienced
kinesiophobia (excessive fear of movement) postoperatively. In another included
study, CBT-based program was targeted at reducing anxiety and depression in
patients that reported these symptoms preoperatively, but this study concluded that
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a larger sample size was needed to ascertain whether such an intervention affects
pain outcomes in the long-term (Nair et al, 2018). Among patients who
catastrophized about pain prior to knee replacement, cognitive behavioral-based
pain coping skills training pre- and postoperatively was not better than usual care
(Riddle et al., 2019).

A recent meta-analysis of 8 RCT's analyzed the effects of presurgical interventions
on chronic pain after total knee replacement, and found that neither preoperative
exercise, education, nor a combination of both is effective in preventing chronic pain
after surgery (Dennis et al., 2020). This meta-analysis did not identify any other
eligible preoperative interventions that might have been studied to prevent chronic
pain (for example the effect of weight loss programs or smoking cessation).

A systematic review including 44 RCT's examined the effects of perioperative
interventions in preventing chronic pain after total knee replacement (Beswick et al.,
2019). Many of the included studies focused on the effects of multimodal analgesia
in preventing acute postoperative pain, which is associated with the risk for long-
term pain (Beswick et al., 2019). There was weak evidence for small reductions in
long-term pain with local infiltration analgesia, ketamine infusion, pregabalin, and
supported eatly discharge compared with no intervention. More clinically important
benefit was found concerning electric muscle stimulation, anabolic steroids, and
walking training during the perioperative period (Beswick et al., 2019).

A systematic review including 17 RCT's studied the effectiveness of postdischarge
interventions (physiotherapy interventions (n=13), nurse-led interventions (n=2),
neuromuscular electric stimulation (n=1), and a multidisciplinary intervention (n=1))
for reducing the severity of chronic pain after total knee replacement, and found that
there was no one physiotherapy intervention that appeared to be more effective than
another at reducing the severity of chronic pain after surgery (Wylde, Dennis, et al.,
2018). In most of the included studies, the control group also received some
physiotherapy. Another meta-analysis of RCTs found that postoperative
electrotherapy intervention (60 days) improved long-term postoperative pain
management and reduced opioid consumption at 6 months postoperatively, but the
quality of the included studies was low (Tedesco et al., 2017). Acupuncture was also
associated with pain relief benefits but only in the eatly postoperative phase (Tedesco
et al.,, 2017). Perioperative duloxetine was associated with better pain control 2 to 12
weeks after joint replacement in patients with preoperative central sensitization, but
this study did not study pain outcomes later on (Koh et al., 2019).

The management of chronic pain should involve the eatly identification and
targeted treatment of pain (Wylde, Beswick, et al., 2018). However, there is a lack of
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evidence-based recommendations to guide the optimal management of chronic pain
after joint replacement (Wylde, Beswick, et al., 2018). Nevertheless, specific
underlying causes including implant-related problems, should be ruled out (Classen
et al., 2013; Toms et al., 2009). The management of unexplained chronic pain after
joint replacement should be individualized, as patients with surgical or prosthesis-
related problems may benefit from physiotherapy; patients with neuropathic pain
may benefit from neuropathic pain medication, and patients with nociceptive pain
may be treated with other analgesics (Wylde, Beswick, et al., 2018). Moreover,
revision surgery for chronic unexplained pain after joint replacement results in poor
outcomes and should not therefore be performed unless the cause of pain is clearly
identified as being implant-related (Classen et al., 2013; Elson et al., 2007; Phillips et
al., 2017).

An example of efforts on treatment protocols for patients with CPSP is the acute
pain service outpatient clinic (APS-OPC) at Helsinki University Hospital, which has
been developed to follow up patients at risk for chronic postoperative pain to ensure
effective and safe pain treatments, especially in the subacute postoperative phase at
home (Tiippana et al., 2016). Importantly, the tapering of medications, such as strong
opioids, is supervised by a physician. The APS-OPC clinic works in close
collaboration with a multidisciplinary pain clinic with physiotherapist or
psychologist/psychiatrist resources. Patients are referred to this clinic by

anesthesiologists, surgeons, or general practitioners.

246  Limitations of the previous literature

The volume of primary joint replacements performed annually is increasing. It is
known that a large number of patients who undergo joint replacement suffer from
continuing long-term joint pain after surgery. As treatment options for CPSP are
limited, efforts should be targeted at prevention, which means that those patients
who are at risk for such outcomes should be identified preoperatively.

The previous literature has failed to sufficiently ascertain whether common
comorbidities, such as diabetes, obesity, and metabolic syndrome, are associated with
CPSP. One limitation of the literature is that there are no studies that would have
identified patients with undiagnosed glucose metabolism disorders using oral glucose
tolerance test. Additionally, it is not known what proportion of patients use analgesic
drugs before and after hip or knee replacement, and which analgesic drugs are most
used, although pharmacological treatment is an essential treatment option for OA

patients, according to guidelines for the management of OA.
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Many previous studies have analyzed risk factors for prolonged opioid
consumption after surgery, mostly as a result of the ongoing opioid epidemic in the
USA and some other western countries. The hypothesis behind these studies has
often been that, as because patients are being prescribed opioids after surgery, many
patients get addicted to opioids. However, some patients may continue to use
opioids because of CPSP, which is quite common after TJA. If so, some patients
may alternatively continue using NSAIDs or acetaminophen for the ongoing joint
pain, and thus patients are exposed to the adverse effects of these drugs. However,
the previous literature has failed to propetly study those risk factors associated with
the prolonged use of these drugs. Especially the role of comorbidities has not been

studied extensively.
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3 AIMS OF THE STUDY

The aims of the present study were the following:

1) To find out what proportion of hip and knee replacement patients redeems
analgesic drugs (acetaminophen, NSAIDs, opioids, medications used for
neuropathic pain) 2 years before and after surgery and to describe the trends of
proportions during this perioperative period. (Study 1I)

2) To find out whether glucose metabolism disorders, MetS, and obesity are
associated with persistent pain in the operated joint 1 to 2 years after primary hip or
knee replacement. (Study I)

3) To find out whether patient characteristics, other clinical factors, or
preoperative analgesic use are associated with postoperative analgesic use after hip
or knee replacement, and whether these factors differ depending on the type of
analgesic used (acetaminophen, NSAIDs, opioids). (Study I1I)

4) To find out whether the preoperative use of anxiolytics and antidepressants

is associated with the postoperative use of analgesic drugs after hip and knee
replacement. (Study IV)

52



4 MATERIALS AND METHODS

4.1 Overview

This study is based on data from several databases from Coxa Hospital for Joint
Replacement and the Social Insurance Institution of Finland (Kela). All operations
that were studied were performed at the Coxa Hospital for Joint Replacement,
Tampere, Finland. Risk factors for persistent postoperative pain were examined
using prospective clinical data from Coxa Hospital and a follow-up questionnaire.
Analgesic use was studied using national register data combined with the prospective
database of Coxa Hospital. With the exception of the questionnaire used in the study

1, all data were collected in electronic form.

4.2  The Coxa Hospital for Joint Replacement

Founded in September 2002, Coxa Hospital for Joint Replacement is a publicly
funded tertiary hospital that is fully specialized in joint replacement surgery. The
hospital oversees all publicly funded joint replacement surgeries within the hospital
district, serving a catchment population of 0.5 million. Additionally, some primary
surgeries are also performed on patients from other hospital districts. Coxa Hospital
also specializes in joint prosthesis-related complications and tumor prostheses.
Today, nearly 5000 primary joint replacement surgeries are performed annually in
Coxa Hospital, which makes it the biggest center for joint replacement surgery in
Finland (Puroharju et al., 2020). Most of the operations are performed by senior
orthopedic surgeons who only perform joint replacement surgeries. Additionally,
some of the operations are performed by residents in orthopedics who are at an
advanced stage of their training. The treatment protocols have been highly
standardized.
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43  Dataset | (Study I)

431 Datarelated to the study of perioperative hyperglycemia in joint
replacement patients

Patients

Study I was based on a research project that was originally performed to examine
risk factors for perioperative hyperglycemia in primary hip and knee replacement
patients (Jimsen et al., 2015). In that study, the convenient sample size to detect the
risk factors for perioperative hyperglycemia was calculated to be 200 patients.
Inclusion criteria were primary hip or knee replacement performed due to
osteoarthritis, and exclusion criteria were arthritis diagnosis other than osteoarthritis,
and regular treatment with oral corticosteroids. Patients of all ages and patients with
and without diabetes were eligible. In total, 200 patients were recruited at Coxa
Hospital for Joint Replacement between December 2009 and May 2011. All
operations were petrformed under spinal anesthesia. Acetaminophen and/or a non-
steroidal anti-inflammatory drug were used for postoperative analgesia, and
oxycodone was supplemented when necessary. In some cases, epidural analgesia
using a continuous levobupivacaine infusion (1.25 mg/ml) was used.

The follow-up data of these patients were used to examine the prevalence of
persistent pain. A postal questionnaire was sent 1-2 years after the operation to the
191 patients who had been included in the original study. The response rate was 81%
(155/191). Patients who underwent revision surgety or another primary joint
replacement during the study period were excluded so that the shortened recovery
time of these patients would not bias the results. In the end, the study population
consisted of 134 patients (80 knee patients and 54 hip patients) (Figure 1).
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200 patients

recruited

Excluded (n=7):

e 2 patients cancelled

the operation

e 2 withdraw

e 3 operations

193 patients cancelled due to
operated health-related reasons

Excluded (n=2):

e inadequate
postoperative glucose
monitoring

191 patients included in a study conserning
perioperative hyperglycemia

Excluded (n=57):

® 36 patients did not
answer to the postal
questionnaire

® 19 had another joint

—> replacement during
follow-up

e 2 patients had revision
surgery

134 patients included (54 hip and 80 knee patients)

Figure 1. Flowchart of study I.
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Preoperative measurements

Preoperative measurements were made 6-8 weeks prior to surgery by a research
nurse during a scheduled visit to the outpatient clinic and preoperative comorbidities
were recorded during the same visit (Table 7). Diagnoses of diabetes and
hypertension were confirmed from patient reports and list of medications. Patients
were asked if they smoked, and the number of cigarettes smoked per day was
recorded. A history of previous joint replacements was also recorded. Additional
measurements were performed to diagnose Metabolic Syndrome (MetS) and
diabetes, as these conditions are often undiagnosed in many patients (Meding et al.,
2007). Thus, diagnoses based on patient reports or patient records are often
unreliable. Therefore, all patients without a prior diagnosis of diabetes had a 2-hour
oral glucose tolerance test. Fasting plasma glucose was measured after a fast of 210
hours. Then, patients were given a 200 ml drink containing 75 g glucose to drink in

5 minutes. Glucose was measured 2 hours after the drink.

Table 7. Preoperative measurements in study |.
Laboratory measurements Preoperative conditions Clinical measurements
ehemoglobin ecardiac disease eweight
eleukocyte and thrombocyte count ehypertension eheight
eplasma creatinine epulmonary disease eblood pressure (two sitting measurements
eplasma sodium and potassium ediabetes using calibrated automatic blood pressure
eplasma C reactive protein egastrointestinal disease monlitor _
efasting plasma glucose eurological disease 'V"'a'St. circumference
eglycosylated hemoglobin HbA1c ecancer ehip circumference
eplasma lipids (total cholesterol, LDL, HDL, emusculoskeletal disorder (other than
triglycerides) osteoarthritis)
echronic dermatological disease
other
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Perioperative data

The following information was collected from patient records and anesthesiology
reports by the research nurse upon discharge: American Society of Anesthesiologists
risk score, length of operation, duration of surgery, tourniquet time, blood loss, type
and brand of the implanted prosthesis, fixation method, type of antibiotic
prophylaxis and thromboprophylaxis, length of hospitalization, occurrence of
complications during the hospitalization, use of blood transfusions, and discharge
destination. Missing or inaccurate data were checked by the author (TR) from the
medical records. Additionally, the author interpretated the x-rays of all patients.

4.3.2  Survey related to postoperative pain

The postal questionnaire was designed to investigate the prevalence, etiology, and
severity of postoperative persistent pain (Appendix 1). The pain questions were
based on the original definition of chronic pain (International Association for the
Study of Pain, 1986) and they were as follows: “Do you have pain in the operated
knee or hip?”, “Is there pain in the operated knee or hip every day?” and “Has the
pain in the operated knee or hip been there continuously for over 3 months?”.

The Finnish version of the PainDetect questionnaire (Freynhagen et al., 2006)
was included in the postal questionnaire to determine whether the reported pain was
of neuropathic origin. Additionally, patients were asked whether the pain level at rest
and/or in motion is different than the level preoperatively; whether they have pain
in locations other than in the operated joint; how their overall health has changed
after surgery, and whether they are satisfied with the outcome of the surgery.
Furthermore, patients were asked about their sleeping, analgesic use, weight,
smoking, walking aids, overall health, and activity level. Additionally, the Finnish
version of the Patient Health Questionnaire—2, including two questions, was used
for the screening of depression (Arroll et al., 2003).
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44  Dataset Il (Studies II-1V)

441 Patients

Studies II-IV were register studies which were based on prospectively collected
databases. The study population for studies II-IV included all patients that were
operated on between September 2, 2002, and December 31, 2013, at Coxa Hospital
and who fulfilled the criteria for inclusion. The inclusion criteria were primary
operation and primary osteoarthritis being the indication for surgery. Patients with
revisions or other joint replacements during the study period (operation date +/-
two years) were excluded. In total, 13739 joint replacements (6238 hip replacements
performed on 5657 patients and 7501 knee replacements performed on 6791
patients) were included in the studies (Figure 2). In study IV, only the first joint
replacement of an individual patient was included in the analyses (only one
observation included per patient), whereas in studies II and III, all surgeries that
tulfilled the criteria were analyzed (patients with staged bilateral operations may have

multiple observations).
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442  Coxa Hospital for joint replacement medical records

Tekoset database

The Tekoset database is a local joint replacement database maintained by Coxa
Hospital. The database has been specifically designed to prospectively collect data
on joint replacement surgery. Preoperative, perioperative, and follow-up data
collected to the Tekoset database can be exported to statistical software packages.
The recorded variables that were assessed in this study included the following:
age, gender, weight, height, side of operation, joint (hip or knee), laterality (bilateral
or unilateral operation), operation date, diagnosis code, operation code, Harris Hip
Score, Knee Society Knee score, Knee Society Function score, and ASA-score.

443 Registries of the Social Insurance Institution of Finland

Special Reimbursement Register

Finland has a health insurance system that covers all permanent residents. A share
of the costs of prescribed medications are reimbursed by Kela, the Social Insurance
Institution (SII) of Finland. In addition, patients with certain severe and chronic
diseases are entitled to special refunds. To be eligible for special reimbursement, a
written certificate that verifies the patient’s condition meets the SII’s predefined
criteria is required from the treating physician. With some diseases (e.g.,
hypertension), however, these criteria differ from the criteria that are used in clinical
practice to diagnose a disease or to determine whether medication should be used.
The SII maintains a national Special Reimbursement Register where special
reimbursement codes and dates of entitlement are recorded for specific individuals.

This register was used to extract information on chronic diseases for studies 111
and IV. The chronic diseases included were Alzheimer’s disease, coronary heart
disease, heart failure, chronic arrhythmias, hypertension, diabetes, epilepsy,
malignancies, asthma or other severe obstructive pulmonary disease, severe kidney

disease, Parkinson’s disease, psychoses, and rheumatic diseases. Cardiac disease
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(coronary heart disease, heart failure, and chronic arrhythmias) were grouped
together for the analyses. Malignancies included leukemia and other malignant
diseases of the blood and bone marrow (including malignant diseases of the
lymphatic system) and solid cancer.

Charlson’ comorbidity index

A modified Chatlson’ comorbidity index (CII) score was calculated for each patient
based on the drug reimbursement data, following a model that has been used in some
eatlier studies (Charlson et al., 1987; Taipale et al., 2014). A score of 1 was assigned
for heart failure, coronary artery disease, diabetes type I or type 11, chronic asthma
or other severe obstructive pulmonary disease, dementia, disseminated connective
tissue diseases, and rheumatoid arthritis and other comparable conditions. A score
of 2 was assigned for uremia requiring dialysis, severe anemia in connection with
chronic renal failure, and malignancies.

Drug Prescription Register

The Social Insurance Institution of Finland maintains a nationwide Drug
Prescription Register that contains information on all prescribed medications that
have been dispensed in Finland. Information on the Anatomical Therapeutic
Chemical (ATC) code of dispensed drugs, the number of units dispensed (tablets or
patches), and the dates of purchase was collected from the Drug Prescription
Register two years prior to and after surgery. In Table 8, the examined medications
are listed in subgroups, according to the ATC codes. Transdermal buprenorphine
patches were classified as mild opioids and transdermal fentanyl patches were
classified as strong opioids. Oral buprenorphine and fentanyl as well as oral liquid
products of all opioids were excluded because they are used for the treatment of pain
caused by reasons other than osteoarthritis, such as cancer pain. Oral suspension and
topical NSAIDs were also excluded.

In study II, the included medications were classified into the following subgroups:
acetaminophen, non-steroidal anti-inflammatory drugs (NSAIDs), mild opioids,
strong opioids, and medications used for neuropathic pain. Additionally, all previous
groups were combined and this subgroup was classified as “any analgesic drug”. In
studies III and IV, analgesic drugs were classified into the following subgroups:
acetaminophen, NSAIDs, opioids, and “any analgesic drug” (all previous groups
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combined). Antidepressants were included as a confounding factor in study III, and
antidepressants and benzodiazepines were examined in study IV.
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Table 8. ATC codes of the medications included in the study.

NSAIDs and NSAIDs Opioids Medications used Antidepressants Antidepressants - Benzodiazepines
inophen conti for neuropathic - SSRI other
pain
NO02BEO1 MO1AE11 Mild opioids NO3AX12 NO6ABO3 NOB6AA04 NO5BA01
acetaminophen tiaprofenic acid gabapentin fluoxetine clomipramine diazepam
MO1ABO1 MO1AE14 NO02AA59 NO3AX16 NO6ABO4 NOBAA0G NO5BA02
indomethacin dexibuprofen codeine, pregabalin citalopram trimipramine chlordiazepoxide
combinations
MO1ABO5 MO1AE51 NO2AEO01 NOBAAQ9 NO6ABO5 NOBAAQ9 NO5BA04
diclofenac ibuprofen, buprenorphine amitriptyline paroxetine amitriptyline oxazepam
combinations
MO1ABO08 MO1AE52 N02AX02 NOB6AA10 NO6ABO6 NO6AA10 NO5BA06
etodolac naproxen and tramadol nortriptyline sertraline nortriptyline lorazepam
esomeprazole

MO1AB16 MO1AGO1 Strong NOB6AX16 NO6ABO8 NO6AA12 NO5BA09
aceclofenac mefenamic acid opioids venlafaxine fluvoxamine doxepin clobazam
MO1AB51 MO1AG02 NO02AA01 NOB6AX21 NO6AB10 NOB6AG02 NO5BA12
indomethacin, tolfenamic acid morphine duloxetine escitalopram moclobemide alprazolam
combinations
MO1AB55 MO1AHO1 NO02AA03 NOBAX03 N05CD02
diclofenac, celecoxib hydromorphon mianserin nitrazepam
combinations e
MO1ACO1 MO1AH02 NO02AA05 NOBAX05 NO5CD07
piroxicam rofecoxib oxycodone trazodone temazepam
MO1AC02 MO1AH03 N02ABO03 NOBAX11 NO5CF01
tenoxicam valdecoxib fentanyl mirtazapine zopiclone
MO1ACO06 MO1AH05 NOB6AX12 NO5CF02
meloxicam etoricoxib bupropion zolpidem
MO1AEO01 MO1AX01 NOB6AX16
ibuprofen nabumetone venlafaxine
MO1AE02 MO1AX17 NOBAX17
naproxen nimesulide milnacipran
MO1AEO03 NOBAX18
ketoprofen reboxetine

NOB6AX21

duloxetine

NO6AX22

agomelatine

ATC; Anatomical Therapeutic Chemical code
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4.5 Outcomes and statistical methods

4.5.1  Definition of outcomes

The primary outcome of study I was persistent pain (Table 9). A patient was
deemed to have persistent pain by answering “yes” to the following questions in the
pain questionnaire 1-2 years after surgery: “Do you have pain in the operated knee
or hip?”; “Is there pain in the operated knee or hip every day?”, and “Has the pain
in the operated knee or hip been there continuously for over 3 months?”. Prevalence
of having a painful joint was a secondary outcome, and it was assessed based on the
answer to the first pain question.

The primary outcome of studies II-IV was analgesic use, defined as one or more
redeemed prescriptions of the index drug during a 3 month period, according to
Drug Prescription Register of the SII.
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4.5.2  Prescription trajectories before and after joint replacement

To provide a detailed description of the analgesic consumption trajectories of the
various drug classes two years before and two years after primary joint replacement
the proportions (with 95% confidence intervals) of patients who redeemed at least
one prescription of a medication were first calculated in time periods of three
months (90 days) during the 4-year observation period. Then, analgesic consumption
in the late preoperative period (three months preoperatively) was compared to
consumption in the early preoperative period (two years preoperatively) and
consumption in the late postoperative period (two years postoperatively). Finally, the
proportions of those patients who continued to use analgesic drugs after surgery and
the proportion of patients who were new users were calculated. In study IV, the use
of antidepressants and benzodiazepines were descriptively reported before and after
surgery.

453  Factors associated with persistent pain

In study I, associations between disorders of glucose metabolism, MetS, and obesity
and the prevalence of persistent pain or a painful joint were first analyzed using
cross-tabulation and the chi-squared test. Then, a binary logistic regression model
was used to calculate respective odds ratios.

The disorders of glucose metabolism were categorized according to the WHO
recommendation (WHO, 2000) as follows: normal glucose metabolism, increased
fasting glucose (IFG) and/or impaired glucose tolerance (IGT), and diabetes. The
categorization was based on either a self-reported diagnosis of diabetes with
confirmed medication, or on the results of an 2- hour oral glucose tolerance test
performed in this study. The results of the oral glucose tolerance test were
categorized in accordance with generally used criteria (Laakso et al., 2020). MetS was
defined according to the consensus criteria (Alberti et al., 2009) as the presence of
any 3 of the following 5 risk factors: elevated waist circumference, elevated LDL,
reduced HDL, elevated blood pressure, and elevated fasting glucose. BMI was
analyzed both as a continuous variable and as a categorized variable as follows:
normal or overweight (< 30 kg/m?2), obese (30-34.9 kg/m?), and severely obese (=
35 kg/m?). In patients with diabetes, the effect of glucose control was evaluated by
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comparing patients with HbAlc < 6.5% and those with HbAlc = 6.5% (Kowall et
al., 2013).

454  Predictors of analgesic drug use after joint replacement

In studies III and IV, we analyzed whether patient characteristics or preoperative
factors are associated with postoperative analgesic use. The proportions of patients
who redeemed at least one prescription of the studied medication preoperatively (0-
3 months before surgery) and 1 year postoperatively (9-12 months after surgery)
were calculated. The factors analyzed that were potentially associated with the use of
analgesics are presented in Table 9. Chronic diseases were analyzed both separately
and as components of CII (as explained earlier in the Methods section). Univariable
and multivariable logistic regression analyses were used to calculate odds ratios for
using different types of analgesics. In study IV, we separately analyzed whether
analgesic drug use is also decreased after surgery in patients with a prior history of
antidepressants or benzodiazepines use.

455  Statistics

Numerical variables were reported with mean and standard deviation (SD) for
variables with a normal distribution and medians and range for variables with a skew
distribution. Categorical variables were presented with absolute and relative
frequencies. In comparisons between groups, unpaired student’s t-test was used to
compare parametric variables; Mann-Whitney U test or Kruskal-Wallis test were
used to compare non-parametric variables, and chi-square test or Fischer’s exact test
were used to compare categorical variables. Univariable and multivariable logistic
regression analyses were used to calculate odds ratios (OR) with 95% confidence
intervals (CI). Risk ratio (RR), instead of OR, was reported in the original publication
of study III. The results were essentially similar despite the method used, and
therefore all results are presented with OR for clarity in the summary of the results
of this dissertation. Adjustments used in the multivariable models are presented in
Table 9.

Hip and knee replacement patients were analyzed together in studies I, I1I, and
IV, and separately in study II. The reason to analyze hip and knee replacements
together was to increase statistical power, and because the risk factors for the use of
analgesics postoperatively were neatly identical (studies III and IV). However, the
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analyses concerning the effects of laterality, prosthesis type, and hip and knee scores
were naturally analyzed separately. Same-day bilateral operations were analyzed as
one operation. A probability value p<0.05 was considered statistically significant.
The analyses were performed using IBM SPSS statistical software package.

4.6 Ethics

The studies were performed in accordance with the Declaration of Helsinki. The
research plan of study I was approved by the Ethics Board of Pirkanmaa Hospital
District, Tampere, Finland (R12071; April 22, 2012). All patients who participated
in study I gave their informed written consent before participation, and the study
was registered at ClinicalTrials.gov (identifier NCT01743313). Studies II-IV were
performed retrospectively without contacting any of the patients. Therefore, no
consent from the Ethical Board or patients was required for these studies, as Finnish
and EU legislation allows the use of register-based data for retrospective studies
without the informed consent of the patients concerned. The Social Insurance
Institution of Finland approved the use of drug register data and the combination of
the data with other patient-related material. Permission to use patient-related data
was applied for from the hospital authorities responsible for that data. The statistical
analyses were performed using anonymized data, and all results were reported in a
way that ensured individual patients could not be identified.
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5 SUMMARY OF THE RESULTS

5.1 Baseline characteristics

The baseline characteristics of the studies are presented in Table 10 and in the
original publications. Briefly, the median (range) follow-up in study I was 18 (11-28)
months. In study I, median BMI was higher in patients with diabetes (33) and IFG
or IGT (30) than in patients with normal glucose metabolism (27; p=0.002).In
studylV, antidepressant use was more common in women and in patients who had
a knee arthroplasty, unilateral joint replacement, higher Charlson Comorbidity Index
(CCI) score, diabetes, cardiac disease, psychotic disorder, neurodegenerative disease,
pulmonary disease, history of malignancy, and epilepsy. Benzodiazepine use was
associated with the same factors, as well as with hypertension and older age.
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Table 10. Baseline characteristics

Factor Study | Studies II-lll Study IV
Number of objects 134 patients 13739 joint 12448 patients
replacements on
12448 patients

Age in years, mean + SD 67+8 69+ 10 68+ 10
Women, % (n) 66% (89) 61% (8396) 61% (7550)
Type of joint replacement, % (n)

Hip replacement 40% (54) 45% (6238) 45% (5657)

Total knee replacement 54% (72) 51% (7003) 51% (6326)

Unicompartmental knee replacement 6% (8) 4% (498) 4% (465)
Same-day bilateral operation, % (n) 10% (14) 12% (1643) 13% (1615)
BMI in kg/2, mean + SD 305 29+5 295
Charlson comorbidity index score, % (n)

0 N/A 72% (9924) 71% (8887)

1 N/A 20% (2749) 21% (2562)

>2 N/A 8% (1066) 8% (999)
Diabetes, % (n) 25% (34)* 9% (1217) 9% (1168)
Metabolic syndrome, n (%) 63% (85) N/A N/A
Cardiac disease, % (n)t 24% (32) 12% (1603) 12% (1454)
Psychotic disorder, % (n) N/A 2% (229) 2% (216)
Neurodegenerative disease (Alzheimer’s or N/A 1% (197) 1% (181)
Parkinson’s), % (n)
Pulmonary disease, % (n) 20% (27) 7% (992) 7% (931)
Hypertension, % (n) 54% (72) 30% (4147) 31% (3866)
History of malignancy, % (n) 8% (11) 3% (455) 3% (424)
Epilepsy, % (n) N/A 1% (141) 1% (132)

Preoperative antidepressant or
benzodiazepine, % (n)

None N/A 79% (10837) 79% (9876)
Only antidepressant N/A 5% (631) 5% (564)
Only benzodiazepine N/A 13% (1721) 12% (1534)
Both antidepressant and benzodiazepine N/A 4% (550) 4% (474)

N/A, not available

* Previously diagnosed diabetes in 19 patients (14% of the whole series) and diabetes diagnosed in this study in 15
patients (11%).

t Includes coronary artery disease, heart failure, and chronic arrythmia.
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5.2 Medication use before and after joint replacement

5.2.1  Analgesic use before and after joint replacement (Study II)

During the 4-year observation period (two years before and two years after surgery),
92% (95% CI: 91-93%) of hip replacement patients and 94% (93-94%) of knee
replacement patients redeemed at least one analgesic drug prescription. The
proportions of hip and knee replacement patients who redeemed at least one type
of analgesic drug prescription are presented in three-month intervals in Figure 3 and
Tables 10 and 11. The proportion of hip and knee replacement patients who
redeemed any analgesic drugs increased before surgery, peaked immediately after
surgery, and decreased in the postoperative period.

The general trend in the use of any analgesic drugs

The proportion of patients who redeemed any analgesic drugs increased
preoperatively more in hip than in knee replacement patients. Two years before
surgery, the proportion of patients who redeemed any analgesic drugs was higher in
knee replacement patients (33%) than on hip replacement patients (28%), whereas
three months before surgery, the proportion of patients who redeemed any analgesic
drugs was higher in hip (48%) than in knee (41%) replacement patients. A peak in
user rates was seen in the immediate postoperative period. Corresponding to the
preoperative period, user rates decreased in the postoperative period more in hip
than in knee replacement patients. Two years after surgery, 23% of hip and 30% of
knee replacement patients redeemed any analgesic drugs. (Figure 3, Table 11, Table
12)
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Table 11. Proportions of hip replacement patients with analgesic drugs.
Female Male p-value Age p-value
<65 65-75 >75
years years years
N 3319 2919 2424 2183 1631
Any analgesic drug
21-24 months preop 30.9% 25.6% <0.001 26.6% 28.4% 31.0% 0.009
0-3 months preop 51.2% 45.0% <0.001 46.0% 49.6% 49.9% 0.017
21-24 months postop 26.4% 19.0% <0.001 20.4% 22.2% 27.7% <0.001
Acetaminophen
21-24 months preop 5.5% 3.3% <0.001 2.7% 4.4% 7.1% <0.001
0-3 months preop 16.1% 11.4% <0.001 9.0% 14.9% 19.9% <0.001
21-24 months postop 10.6% 6.7% <0.001 5.0% 8.6% 14.6% <0.001
NSAID
21-24 months preop 23.6% 20.7% 0.007 22.7% 22.4% 21.3% 0.545
0-3 months preop 35.1% 31.9% 0.007 36.7% 34.3% 28.0% <0.001
21-24 months postop 13.6% 10.2% <0.001 13.6% 11.5% 10.3% 0.004
Mild opioid
21-24 months preop 4.7% 3.8% 0.091 3.6% 4.5% 4.9% 0.117
0-3 months preop 14.5% 12.6% 0.033 13.7% 12.7% 14.7% 0.227
21-24 months postop 6.2% 4.4% 0.002 4.7% 5.2% 6.6% 0.022
Strong opioid
21-24 months preop 0.1% 0.1% 0.835 0.1% 0.1% 0.2% 0.600
0-3 months preop 0.5% 0.5% 0.873 0.4% 0.5% 0.6% 0.814
21-24 months postop 0.3% 0.2% 0.296 0.2% 0.2% 0.3% 0.808
Medication used for
neuropathic pain
21-24 months preop 3.0% 1.5% <0.001 2.1% 2.5% 2.3% 0.758
0-3 months preop 3.7% 2.4% 0.004 3.3% 3.3% 2.6% 0.392
21-24 months postop 3.6% 2.1% <0.001 2.4% 3.1% 3.4% 0.145

74



Table 12. Proportions of knee replacement patients with analgesic drugs.
Female Male p-value Age p-value
<65 65-75 >75
years years years
N 5077 2424 2393 2624 2484
Any analgesic drug
21-24 months preop 34.3% 29.5% <0.001 34.6% 31.1% 32.7% 0.028
0-3 months preop 42.6% 36.4% <0.001 43.7% 40.1% 38.1% <0.001
21-24 months postop 32.8% 24.3% <0.001 30.6% 29.3% 30.2% 0.609
Acetaminophen
21-24 months preop 6.0% 3.5% <0.001 4.0% 4.8% 6.8% <0.001
0-3 months preop 13.1% 9.4% <0.001 9.2% 11.5% 15.0% <0.001
21-24 months postop 13.2% 7.6% <0.001 8.0% 10.5% 15.7% <0.001
NSAID
21-24 months preop 26.5% 23.6% 0.009 28.2% 24.7% 23.9% 0.001
0-3 months preop 27.2% 24.9% 0.039 32.4% 26.9% 20.2% <0.001
21-24 months postop 16.3% 14.1% 0.016 19.8% 16.2% 10.9% <0.001
Mild opioid
21-24 months preop 5.4% 5.0% 0.421 6.1% 4.8% 5.1% 0.116
0-3 months preop 9.5% 7.3% 0.002 10.7% 8.0% 7.9% 0.001
21-24 months postop 8.4% 6.0% <0.001 7.6% 7.3% 7.9% 0.711
Strong opioid
21-24 months preop 0.4% 0.2% 0.373 0.3% 0.3% 0.4% 0.939
0-3 months preop 0.4% 0.4% 0.882 0.3% 0.5% 0.4% 0.760
21-24 months postop 0.5% 0.2% 0.122 0.3% 0.4% 0.5% 0.454
Medication used for
neuropathic pain
21-24 months preop 3.7% 1.8% <0.001 3.9% 2.7% 2.7% 0.029
0-3 months preop 4.2% 2.1% <0.001 4.4% 3.2% 3.0% 0.014
21-24 months postop 4.9% 2.8% <0.001 4.9% 3.7% 4.1% 0.108
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In additional analysis, drug use was analyzed in 1 year periods (Table 13). One
year before surgery, 73% of hip patients and 67% of knee patients redeemed at least
one prescription for any analgesic drugs. During the second postoperative year (1-2
years after surgery), 45% of hip and 55% of knee patients redeemed at least one
prescription (Table 13).

Table 13. Annual* proportions of patients with prescription medications
1stpreoperative ~ 2nd 1stpostoperative ~ 2nd At least one
year % (n) preoperative year % (n) postoperative prescription every
year % (n) year % (n) year % (n)
Hip replacement
(n=6238)
Any analgesic drug  57.3% (3575) 73.2% (4565) 76.7% (4784) 45.2% (2819) 28.4% (1770)
Acetaminophen 13.3% (832) 26.3% (1643) 41.1% (2566) 19.8% (1233) 5.2% (327)
NSAID 48.0% (2996) 59.5% (3713) 60.7% (3785) 29.1% (1814) 15.8% (985)
Mild opioid 10.6% (662) 22.6% (1412) 26.4% (1647) 11.1% (692) 2.5% (155)
Strong opioid 0.4% (22) 0.7% (43) 1.5% (91) 0.7% (44) 0.1% (4)
Medication used 4.3% (270) 5.4% (338) 4.6% (289) 4.9% (306) 1.7% (105)
for neuropathic
pain

Knee replacement

(n=7501)

Any analgesic drug ~ 61.7% (4624) 67.4% (5052) 85.3% (6399) 54.7% (4100) 35.7% (2678)
Acetaminophen 15.9% (1196) 23.9% (1795) 44.1% (3309) 23.9% (1794) 6.4% (478)
NSAID 51.5% (3863) 53.2% (3993) 70.8% (5313) 35.4% (2653) 20.8% (1561)
Mild opioid 12.8% (963) 17.6% (1323) 39.8% (2988) 14.9% (1119) 3.8% (283)
Strong opioid 0.6% (43) 0.6% (46) 3.3% (246) 0.9% (64) 0.2% (18)
Medication used 5.3% (397) 5.5% (412) 6.7% (504) 6.6% (492) 2.5% (185)
for neuropathic

pain

*The time periods represent the last two years before surgery (1st and 2@ preoperative year) and the first two years after surgery
(1stand 2n postoperative year)
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Trends in the use of single drug classes

NSAIDs were the most popular analgesic drugs during the whole study period both
in hip and in knee replacement patients, followed by acetaminophen, mild opioids,
medication used for neuropathic pain, and strong opioids (Figure 3 and 4, Table 11
and 12). The preoperative increase in user rates was especially attributable to the use
of acetaminophen, NSAID’s, and mild opioids in hip patients and to acetaminophen
and mild opioids in knee patients. The user rates of NSAIDs decreased in both hip
and knee patients in the late preoperative period. A peak in user rates was seen,
however, in the immediate postoperative period for all analgesic drugs except for
medications used for neuropathic pain. A slight rising trend in the user rates of
medication used for neuropathic pain was seen during the study period. Conversely,
the user rates of strong opioids remained essentially stable for the whole study
period, except for a momentary peak immediately after surgery.

Late preoperative period vs late postoperative period

The user rates of NSAIDs decreased remarkably both in hip and in knee replacement
patients from the late preoperative period (3 months before surgery) to the late
postoperative period (21-24 months after surgery) (Figure 3 and 4, Table 11 and 12).
In hip replacement patients, the user rates of acetaminophen and mild opioids
decreased significantly (acetaminophen from 13.9% to 8.8% and mild opioids from
13.6% to 5.4%), but in knee replacement patients, the decrease in the user rates of
acetaminophen and mild opioids was minimal (acetaminophen from 11.9% to 11.4%
and mild opioids from 8.8% to 7.6%).

Early preoperative period vs late postoperative period

The user rates of NSAIDS decreased remarkably both in hip and in knee
replacement patients from the eatly preoperative period (21-24 months before
surgery) to the late postoperative period (21-24 months after surgery) (Figure 3 and
4, Table 11 and 12). However, the user rates of acetaminophen and mild opioids
increased in both hip and knee replacement patients.
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5.2.2  Antidepressant and benzodiazepine use before and after joint
replacement (Study V)

The percentage of patients who redeemed antidepressants was essentially stable
during the 2 years before and after surgery, with the exception of a minor decrease
during the immediate postoperative period. The percentage of patients who
redeemed benzodiazepines preoperatively increased slightly (11.3% at two years
preoperatively and 12.9% at 3 months preoperatively). There was also a small peak
in the user rate immediately after surgery (13.8%), and thereafter the percentage of
patients who redeemed benzodiazepines decreased to a slightly lower level than that

seen at three months preoperatively (12.3% at 9-12 months after surgery). (Figure 5)

25%
—@— Benzodiazepine

—8— Antidepressant
20%

—>— Antidepressant and
benzodiazepine

15%

10%

5%

0%

Figure 5. The proportions of patients who redeemed antidepressants and/or those who redeemed
benzodiazepines in three-month intervals. Additionally, the proportion of those patients
who had redeemed both antidepressants and benzodiazepines are presented in the same
Figure. The numbers below refer to calendar quartiles (3-month periods) before (quartiles
1-8) and after (quartiles 9-16) joint replacement. Modified from the figure published in
study V.
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5.3  Prevalence of postoperative pain (Study I)

Pain in the operated joint was reported by 49 patients (37%) 1-2 years after hip or
knee replacement. A total of 18 patients (14% of the whole study population)
tulfilled the criteria for having persistent pain. The nature of pain was neuropathic
in 2 patients. Majority of patients answered that they had less pain at rest (92% in
the whole study population) and in motion (89%) relative to the situation
preoperatively. Nevertheless, 8% of the patients had no improvement in pain (or
had more pain) at rest, and 11% had no improvement in pain (or had more pain) in

motion.

54  Factors associated with postoperative pain (Study )

A higher proportion of knee patients than hip patients had a painful joint (46% vs.
24%; p=0.01) and persistent pain (20% vs. 4%; p=0.007). Out of 8 patients with
unicompartmental knee replacements, 1 had persistent pain. Previously diagnosed
diabetes was associated with persistent pain (OR 8.5 (95% CI: 1.9-38; reference:
patients without previously diagnosed diabetes)) but not with having a painful joint
(Table 14). The results were similar when ASA score and BMI were added to the
adjusted model: OR for persistent pain in patients with previously diagnosed
diabetes was 20 (95% CI: 3—132). Other glucose metabolism disorders or Metabolic
Syndrome were not associated with a painful joint or persistent pain. Severe obesity
(BMI >35 kg/m?) was associated with a painful joint (OR 5.0 (95% CI: 1.7-15;
reference: BMI <30 kg/m?) but not with persistent pain (Table 14). In patients with
diabetes, preoperative HbAlc was not associated with a painful joint (7/14 and
13/19 in patients with HbAlc < 6.5% and = 6.5%, respectively; p=0.3) or persistent
pain (3/14 and 3/19; p=1.0).
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Table 14. Potential risk factors for a painful joint and persistent pain

N Painful joint (n = 49; 37%) Persistent pain (n = 18; 14%)
n (%) Adjusted OR¥(95% Cl) n (%) Adjusted OR* (95% Cl)

Previously
diagnosed
Diabetes

No* 15 41(36%) 1 13 (11%) 1

Yes 19 8 (44%) 2.2(0.7-6.3) 5 (28%) 8.5(1.9-38)
Glucose
metabolism
abnormalities

No 68 24 (35%) 1 8 (12%) 1

IFG/IGT 32 12 (38%) 1.2 (0.5-3.1) 4(13%) 1.1(0.3-4.5)

Diabetest 34 13 (39%) 1.7 (0.7-4.5) 6 (18%) 3.2(0.9-12)
MetS

No 49 15 (31%) 1 8 (16%) 1

Yes, but 54 21(39%) 1.5(0.6-3.5) 4 (8%) 0.3(0.07-1.2)

without

diabetes

MetS and 31 13 (43%) 2.6(0.9-7.3) 6 (20%) 2.3(0.6-8.9)

diabetest
BMI

<30 7 18 (25%) 1 8 (11%) 1

30-34.9 42 17 (42%) 1.9(0.8-4.3) 6 (15%) 1.0(0.3-3.4)

235 21 14 (67%) 5.0 (1.7-15) 4(19%) 1.1(0.3-4.7)
Gender

Male 45 15 (33%) 1 6 (14%) 1

Female 89 34 (39%) 0.98 (0.44-2.2) 12 (14%) 0.69 (0.22-2.1)
Joint

Hip 54 13 (24%) 1 2 (4%) 1

Knee 80 36 (46%) 25(1.1-54) 16 (20%) 6.3 (1.4-29)
BMI (per increase 1.1(1.0-1.2) 1.0 (0.9-1.1)
of 1 kgim?)
Age (per increase 1.1(1.00-1.1) 0.93 (0.87-0.99)
of 1 kgim?)

IFG, increased fasting glucose; IGT, impaired glucose tolerance; MetS, metabolic syndrome
* A patient without diabetes or with IFG, IGT, or diabetes mellitus diagnosed in this study

t Includes both previously and newly diagnosed cases of diabetes

1 Adjusted for age, gender, and operated joint (hip or knee)
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2.5  Factors associated with postoperative analgesic
consumption (Studies lI-1V)

5.5.1  Patient characteristics: age, gender, joint

A slightly higher proportion of older patients redeemed any analgesic drugs one year
postoperatively (29.0% of patients aged >75 years) than younger patients (26.2% of
patients aged 65-75 years and 23.7% of patients aged <65 years) (Table 15). This
finding was, however, mostly related to hip replacement patients (Table 11 and 12).
Any analgesic drugs were redeemed by a higher proportion of female patients than
male patients and by a higher proportion of knee replacement patients than hip
replacement patients (Table 15, Figure 3). Out of single drug classes, acetaminophen
was redeemed by a greater proportion of older patients than younger patients,
whereas NSAIDs were more common in younger patients. In the regression model,
older patients (compared to younger patients) had higher odds for the use of
acetaminophen and lower odds for the use of NSAIDs. Female patients (compared
to male patients) had higher odds for the use of acetaminophen and NSAIDs. Knee
replacement patients (compared to hip replacement patients) had higher odds for
the use of acetaminophen, NSAIDs, and opioids.(Table 15)
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5.5.2  Comorbidities

A higher BMI and a higher number of comorbidities (according to the CCI score)
were associated with a higher percentage of users of any analgesic drugs
postoperatively. One year postoperatively, 22.7% of patients with BMI <25 kg/m2,
24.5% of patients with BMI 25-30 kg/m?2, 27.2% of patients with BMI 30-35 kg/m?2,
and 34.5% of patients with BMI >35 kg/m? redeemed any analgesic drugs (Table
16, Figure 6). Also, all the other studied comorbidities (except epilepsy) had a
statistically significant association with the prevalence of any analgesic drug use
postoperatively, but the differences related to single comorbidities (other than
obesity) were minor, especially concerning cardiac disease and hypertension.

In the adjusted regression analysis, only higher BMI and higher CCI were
significant predictors of any analgesic drug use. Concerning single drug classes,
higher odds for the use of acetaminophen were found on patients with higher BMI,
higher CCI, and neurodegenerative disease. Higher odds for the use of NSAIDs
were found in patients with higher BMI and chronic lung disease, whereas lower
odds for NSAIDs were found in patients with cardiac disease. Higher odds for the
use of opioids were found in patients with higher BMI, higher CCI, and epilepsy.
(Table 10)
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Figure 6.

—&—>35 kg/m2
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—*— <25 kg/m2

The proportions of patients with any analgesic drugs in 3-month intervals according to
BMI. The numbers below refer to calendar quartiles (3-month periods) before (quartiles 1-
8) and after (quartiles 9-16) joint replacement. Modified from the figure published in study
.
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5.5.3  Other clinical factors: laterality, KSS, HHS, UKA/TKA

The proportion of patients who redeemed any analgesic drugs postoperatively was
lower in patients with bilateral hip or knee replacement than in patients with
unilateral procedure. In the adjusted regression analyses, patients with bilateral hip
replacement (compared to unilateral procedure) had higher odds for the use of
acetaminophen, whereas patients with bilateral knee replacement had higher odds
for the use of acetaminophen and opioids. A lower proportion of unicompartmental
knee replacement patients than total knee replacement patients used any analgesic
drugs after surgery. In the adjusted regression model, patients with

unicompartmental knee replacement had lower odds for the use of acetaminophen

and opioids. (Table 17)
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5.5.4  Preoperative use of any analgesics, antidepressants and
benzodiazepines

Those patients who redeemed any analgesic drugs preoperatively redeemed any
analgesic drugs more often also postoperatively. At 1 year postoperatively, any
analgesic drugs were redeemed by 40.6% of those patients who had redeemed any
analgesic drugs preoperatively and by 15.2% of those patients without preoperative
use of any analgesic drugs. Preoperative use of any analgesic drugs was associated
with postoperative use of all the single drug classes (acetaminophen, NSAIDs, and
opioids). (Table 18)

Patients with a prior history of antidepressants or benzodiazepines use redeemed
analgesics more often after surgery than those patients who did not use
antidepressants or benzodiazepines preoperatively (Figure 7, Table 18). At 1 year
postoperatively, any analgesic drugs were redeemed by 22.3% of patients who had
no history of preoperative use of antidepressants or benzodiazepines, compared to
43.4%, 40.7%, and 48.5% of patients with a history of prior use of antidepressants,
benzodiazepines, or both, respectively (Figure 7, Table 18). In the regression
analyses, a previous use of antidepressants or benzodiazepines was associated with
the use of all the single drug groups (acetaminophen, NSAIDs, and opioids). The
odds were highest in those patients with a combined preoperative use of both
antidepressants and benzodiazepines (Table 18).
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Figure 7. The proportions of patients with any analgesic drugs in 3-month intervals according to
preoperative use of antidepressants and benzodiazepines. The numbers below refer to
calendar quartiles (3-month periods) before (quartiles 1-8) and after (quartiles 9-16) joint
replacement. Modified from the figure published in study IV.
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The proportion of patients who continued to use analgesics or started to use
analgesics 1 year postoperatively (those who did not use analgesics preoperatively
but used them 1 year postoperatively) was higher in patients with preoperative use
of antidepressants or benzodiazepines (Table 19).

Table 19. Continuation of analgesic use according to preoperative antidepressant and
benzodiazepine use

Use of any analgesics

Factor Continued*  Stopped after ~ Started No use pre- or p
surgeryt after post-operativelys  valueV
surgery*
Antidepressant Yes (n=1038) 30% (314) 25% (254) 12% (125) 33% (345)
preoperatively
No (n=11410) 16% (1778)  26% (2935) 8% (940) 50% (5757)
<0.001
Benzodiazepine Yes (n=2008) 28% (570) 26% (528) 12% (231) 34% (679)
preoperatively
No (n=10440) 15% (1522)  26% (2661) 8% (834) 52% (5423)
<0.001
Use of opioids
Factor Continued*  Stopped after ~ Started No use pre- or p
surgeryt after post-operativelys  valuey
surgery*
Antidepressant Yes (n=1038) 9% (92) 11% (112) 6% (62) 74% (772)
preoperatively
No (n=11410) 2% (270) 8% (865) 3% (353) 87% (9922)
<0.001
Benzodiazepine Yes (n=2008) 6% (126) 11% (216) 6% (124) 77% (1542)
preoperatively
No (n=10440) 2% (236) 7% (761) 3% (291) 88% (9152)
<0.001

* Redeemed medications 3 months preoperatively and 1 year postoperatively.

t Redeemed medications 3 months preoperatively but not 1 year postoperatively.

1 Did not redeem medications 3 months preoperatively but redeemed 1 year postoperatively.
§ Did not redeem medications 3 months preoperatively or 1 year postoperatively.

y chi-square
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6 DISCUSSION

This study used a questionnaire and clinical data from a single orthopedic hospital
to examine the potential preoperative risk factors for CPSP. Furthermore, combined
register data from the SII and the prospective database of Coxa hospital were used
to identify possible preoperative risk factors for opioid or other analgesic use 1 year
after joint replacement and to ascertain the user rates of different types of analgesic
drugs before and after joint replacement.

The most common analgesic drugs throughout the study period were NSAIDs,
followed by acetaminophen, and mild opioids. Surprisingly, many patients may not
have used any analgesics preoperatively, as nearly one third of the study population
did not redeem a prescription for analgesics 1 year preoperatively. Previously
diagnosed diabetes was associated with the prevalence of persistent postoperative
pain, and obesity was associated with the prevalence of a painful joint, which did
not, however, fulfill the criteria of persistent pain, 1-2 years after joint replacement.

The preoperative predictors for using opioids, NSAIDs, and acetaminophen were
essentially similar when considering all these analgesic drug types. The strongest
preoperative predictors of any analgesic use 1 year after joint replacement were the
preoperative use of any analgesics, antidepressants, or benzodiazepines. Moreover,
those patients who used both antidepressants and benzodiazepines were the most
likely to redeem opioids and other analgesics. The other significant preoperative
predictors for any analgesic use 1 year after joint replacement were multimorbidity,
severe obesity, knee replacement (vs. hip replacement), and unilateral knee
replacement (vs. simultaneous bilateral knee replacement).

The main findings in this study were that patients with diabetes had an 8-fold risk
for persistent pain, whereas severe obesity and a prior history of antidepressant
and/or benzodiazepine use neatly doubled the risk for the use of any analgesics 1
year after surgery. These factors are relatively common among joint replacement
patients but the findings in the earlier literature regarding the associations with these
factors and long-term pain outcomes have been contradicting. Therefore, the
comprehensive data used in the present study serve to clarify the role of these

factors.
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6.1 Medication use before and after joint replacement

6.1.1  The observed user rates of analgesic drugs

There has been a research gap regarding the proportion of patients who use pain
medication before and after joint replacement. Earlier, Blagestad et al. (20106)
reported that the proportion of patients who use any analgesic drugs increases from
49% to 59% during the year before hip replacement, peaks in the acute postoperative
period (87%), and decreases thereafter (33% at 1 year postoperatively). The present
study (study II) aimed to expand the current knowledge by confirming that a similar
pattern is also seen in knee replacement patients. Between 2 years and 3 months
preoperatively, the proportion of patients who redeemed at least one type of
analgesic drug increased to a higher level in hip replacement patients (from 28% to
48%) than in knee replacement patients (from 33% to 41%), but decreased 2 years
after surgery to a lower level in hip replacement patients (23%) than that observed
in knee replacement patients (30%). The observed differences in postoperative
analgesic use may be related to the higher probability of persistent pain after knee
replacement than hip replacement (Beswick et al., 2012).

The proportion of patients who redeemed analgesic drugs stabilized 3 months
after hip replacement, and 6 months after knee replacement. Thus, analgesic use
seems to follow a similar pattern as that seen in pain severity after surgery, which
usually plateaus 3 months after hip replacement and between 3 and 6 months after
knee replacement, although some improvement in pain outcomes may occur up until
1 year after surgery (Lenguerrand et al., 2016; Phillips et al., 2014; Wieczorek et al.,
2020; Wylde, Beswick, et al., 2018).

In line with earlier findings in hip replacement patients (Bldgestad et al., 2010),
the most common analgesic types used throughout the study period were NSAIDs,
acetaminophen, and mild opioids in both hip and knee replacement patients. Three
months preoperatively, NSAIDs were redeemed by 34% of hip and 26% of knee
replacement patients, followed by acetaminophen (14% of hip and 12% of knee
replacement patients), and mild opioids (14% of hip and 9% of knee replacement
patients). Therefore, the observed popularity of single analgesic drug groups was
generally in line with those guidelines for the management of osteoarthritis pain that
stood during the study period (Nelson et al, 2014). However, although
acetaminophen was widely recommended as a first-line pain medication during the
observation period (Nelson et al., 2014), the proportion of patients who redeemed a
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prescription for acetaminophen was surprisingly low, which may be related to the
low efficacy of acetaminophen for OA pain. Two years after surgery, NSAIDs were
still the most common analgesics redeemed (12% of hip and 16% of knee
replacement patients), followed by acetaminophen (9% of hip and 11% of knee
replacement patients), and mild opioids (5% of hip and 8% of knee replacement
patients). Bearing in mind that the most recent international guidelines do not
generally recommend the use of acetaminophen and opioids for the treatment of
OA pain, it may be expected that the proportion of patients using these drugs may
decrease in the following years. However, those patients, for example, with
contraindications for NSAIDs and/or refractory pain after other analgesics may also

get a prescription for acetaminophen or opioids in future.

6.1.1.1  Preoperative use of analgesic drugs

Although joint replacement should not usually be considered before adequate
non-surgical treatment has been delivered, a surprisingly low proportion of patients
redeemed analgesic drugs preoperatively. Depending on the methodology, the
proportion of hip and knee replacement recipients using analgesic drugs before
surgery has been reported to be between 48% and 94% in earlier studies that have
analyzed drug use during varying time periods (during 1 month - 1 year
preoperatively) (Blagestad et al., 2016; Dusad et al., 2015; Fuzier et al., 2014; Inacio
et al., 2018; Jorgensen et al., 2018). In our study, 73% of hip patients and 67% of
knee patients redeemed at least 1 type of analgesic drug during the 1-year period
before surgery, whereas during the 3-month period before surgery, 48% of hip
patients and 41% of knee patients redeemed analgesic drugs. Some patients may have
used over-the-counter (OTC) analgesic drugs in addition to, or instead of,
prescription drugs. In Finland, the available OTC drugs are acetaminophen,
ibuprofen, ketoprofen, and ASA. Altogether, less than one third of all NSAIDs and
one sixth of acetaminophen were bought OTC in year 2013 (Fimea, 2014), but the
share is probably much smaller in patients with chronic painful conditions, such as

osteoarthritis, because OTC drugs are more expensive than prescribed analgesics.

6.1.1.2  Postoperative use of analgesic drugs

The observed long-term postoperative user rates of analgesic drugs were slightly
lower compared to earlier studies from Norway and Denmark that used essentially
similar methodology based on drug prescription registers (Blagestad et al., 2016;
Jorgensen et al., 2018). According to these studies, between 17% and 18% of patients
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redeemed NSAIDs, 14%-16% redeemed opioids, and 13%-24% redeemed non-
opioid analgesic drugs other than NSAIDs 1 year after hip or knee replacement
(during a three-month period 9-12 months postoperatively). However, lower user
rates have been found in two questionnaire-based studies that included 5707 hip and
7139 knee replacement patients (Singh et al., 2010, 2012). In these studies, the use
of NSAIDs for index joint pain 2 years after surgery was reported by 12% of hip and
9% of knee patients, and the use of opioids by 2% of hip and 1% of knee patients.
Nevertheless, a prescription database may be a more accurate method to estimate
the proportion of patients who use analgesics, since hip and knee OA patients have
been shown to underreport at least the use of opioids (Hereford et al., 2018). The
closest assumption of postoperative opioid use may be that of a recent meta-analysis
including 11 studies which found that nearly 12% of patients use opioids 3-12
months after hip or knee replacement (L. Wu et al., 2020). In the present study, the
observed proportion of patients who redeemed opioids 1 year after surgery was 6%.
The lower user rates observed in our study may be related to the absence of an opioid
epidemic in Finland that has been seen in some other western countries.

6.2  Risk factors for persistent postoperative pain and for
prolonged use of analgesic drugs

The main finding of study I was that diabetes was associated with the prevalence
of CPSP and obesity with the prevalence of pain in the operated joint which does
not, however, fulfil all the criteria for CPSP. The prevalence of CPSP (4% in hip
replacement patients and 20% in knee replacement patients in study I) was in line
with results previously reported in the literature regarding knee replacement (10-
34%) but lower regarding hip replacement (7-23%) (Beswick et al., 2012). According
to studies III and IV, the main predictors of postoperative analgesic use were the
preoperative use of certain medications (any analgesics, antidepressants, or
benzodiazepines), multimorbidity, severe obesity, and knee replacement. Although
the previous literature is inconclusive regarding several factors, the present findings
are mostly in line with the risk factors described in the earlier literature (Table 20).
The main findings of the present study, with regard to the previous literature, were
those that considered the role of diabetes, obesity, and antidepressant and/or
benzodiazepine use. These factors are quite common in patients undergoing hip or
knee replacement (9-20% of patients had diabetes, 38-47% were obese (BMI = 30
kg/m2), and 21% of patients used antidepressants and/or benzodiazepines
preoperatively in our materials) which makes these findings meaningful.

96



Additionally, in the previous literature there is an almost exclusive lack of
information on the predictors of postoperative non-opioid analgesics use that were
studied in the present analyses (Table 20).
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Table 20. Potential risk factors for CPSP and prolonged/increased opioid and non-opioid use

after joint replacement.
Factor CPSP Prolonged analgesic use
Opioid Non-opioid
This Previous This Previous This study Previous
study studies* study studies* studiest
Younger age +f +/- (hip), + - +- +/- (NSAID +, +-
(knee) acetaminophen
lower risk)
Female gender -t +- - +- + +
Knee replacement (vs. hip ~ + + + + + N/A
replacement)
Greater preoperative pain - + (hip), +/- N/A +- N/A N/A
(knee)
Other pain sites N/A + N/A + N/A N/A
Comorbid conditions
Anxiety N/A +/- (hip), + N/A +/- (hip), + N/A +-
(knee) (knee)
Depression N/A +/- (hip), + N/A +/- (hip), + N/A +
(knee) (knee)
Pain catastrophizing N/A + (hip), +/- N/A +- N/A N/A
(knee)
Higher number of N/A + (hip), +/- + +- +- N/A
comorbidities (knee) (acetaminophen
+, NSAID -)
Diabetes + +-8 - + - N/A
Obesity - + (hip), +/- + +- + +
(knee)
Preoperative use of
medications
Opioids N/A +/- (hip), + + + + N/A
(knee)
Any analgesics N/A N/A + + + N/A
Antidepressants N/A N/A + + + N/A
Benzodiazepines N/A N/A + + + N/A

+/-, conflicting results; +, factor is associated with increased risk; -, factor is not associated with the risk; N/A, not available

* The included factors in this table are those that have been most commonly analyzed in the earlier literature, according to
previously published studies and review papers (Bonnin et al. 2011, Vissers et al. 2012, Khatib et al. 2015, Lewis et al. 2015, Blom
etal. 2016, Hofstede et al. 2016, Lungu et al. 2016, Kim et al. 2017, Liu et al. 2018, Petersen et al. 2018, Pozzobon et al. 2018,
Bonasia et al. 2019, Pryymachenko et al. 2020, Wu et al. 2020), supplemented with the most essential findings of the present study
(adjusted regression analysis). The conclusions of the previous literature are drawn based on the conclusions of earlier meta-
analyses or systematic reviews, and the arguments in the background of each factor are presented in the main text. If no
conclusions could be made, the results were stated to be conflicting (+/-) or N/A (no suitable studies available).

t Previous literature is limited and includes only NSAIDs (not acetaminophen). Conclusions are based on 2 questionnaire-based
studies and on 1 register study (Bolland et al. 2010, Singh and Lewallen 2010, 2012).

1 data not shown

§ based on only few available studies (please see the main text)
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6.2.1  Preoperative use of analgesics

It has been suggested that prolonged preoperative pain may have a role in the
development of chronic pain through central sensitization (D. H. Kim et al., 2018;
Petersen et al., 2016). Indeed, a higher level of preoperative joint pain is one of the
strongest predictors of CPSP after hip and knee replacement (Blom et al., 2016;
Lewis et al., 2015; Lungu et al., 2016; Petersen et al., 2016; Sayers et al., 2016).
Similarly, preoperative opioid use and preoperative NSAID use were risk factors for
long-term opioid consumption after TJA in a recent meta-analysis, but the effect size
for NSAIDs was small (L. Wu et al., 2020).

The present study strengthens previous knowledge regarding the association
between preoperative analgesic use and an increased risk for postoperative opioid
use, and further expands the literature by confirming that the preoperative use of
any analgesics is also associated with an increased probability of using NSAIDs or
acetaminophen after surgery. In the present study, 41% of patients who redeemed
any analgesic drugs preoperatively still redeemed any analgesic drugs postoperatively.
This is in contrast to the 15% of patients who did not redeem any analgesics
preoperatively. Similar findings have been made earlier concerning opioids. Out of
the over 24000 patients who were chronic opioid users before surgery, 28% were
chronic users 1 year after hip or knee replacement. Furthermore, out of over 100000
patients who were nonusers before surgery, 4% became chronic users within one
year after surgery (Chen et al., 2019). Some possible explanations for these findings
include other pain sites (patients use analgesic drugs preoperatively and
postoperatively because of backpain, osteoarthritis of another joint or multiple pain
sites), and heightened widespread sensitivity to nociceptive pain input, which has
been associated with higher preoperative and postoperative pain severity (Baert et
al.,, 2016; Wylde et al., 2015).

6.2.2  Preoperative use of antidepressants or benzodiazepines

The coexistence of depression and chronic pain often aggravates the severity of both
disorders (Sheng et al., 2017). Indeed, up to 85% of patients with chronic pain are
affected by severe depression (Bair et al., 2003; Goesling et al., 2013; Sheng et al.,
2017). Preoperative depression and anxiety have been associated with postoperative
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pain after knee replacement, but the results considering hip replacement are
conflicting (Baert et al., 2016; Blom et al., 2016; Khatib et al., 2015). In some eatlier
studies, patients undergoing THA or TKA with preoperative depression or anxiety
used opioids more frequently than patients without these disorders (Bedard, Pugely,
Westermann, et al., 2017; Bolarinwa et al., 2019; Cryar et al., 2018; Goesling et al.,
2016; Inacio et al., 2016; Namba et al., 2018; Prentice et al., 2019), whereas such an
association has not been reported in other studies (Goesling et al., 2016; Prentice et
al., 2019; Singh et al., 2010, 2012). A recent meta-analysis analyzed risk factors for
postoperative opioid use, and found that depression and anxiety were risk factors
for long-term opioid use after TJA (L. Wu et al.,, 2020). This meta-analysis also
included two studies (Hadlandsmyth et al., 2018; S. Kim et al., 2017) assessing
preoperative antidepressant and benzodiazepine use, and found that the
preoperative use of antidepressants and benzodiazepines increased the risk of
prolonged opioid use after TJA (L. Wu et al., 2020).

The results of the present study strengthen the role of the preoperative use of
antidepressants and/or benzodiazepines as predictors of prolonged opioid use after
joint replacement and expand the literature by confirming a similar association also
with NSAIDs and acetaminophen. Only two studies have analyzed the association
between depression and analgesics other than opioids, and a greater use of NSAIDs
has been found after hip and knee arthroplasty (Singh et al., 2010, 2012). However,
the association between a prior history of benzodiazepines use and postoperative
use of non-opioid analgesics has not previously been studied.

In the present study, those patients who used both antidepressants and
benzodiazepines preoperatively were most likely to redeem analgesic drugs 1 year
after surgery. This is in line with an earlier finding (Pan et al., 2019) that patients with
anxiety or depression were more likely to have pain-related symptoms after TKA,
and those patients with both anxiety and depression had the highest odds. One
explanation for this finding is that the effect of opioid management therapy in
patients with anxiety or depression may be less responsive in reducing pain, possibly
resulting in more frequent and more prolonged opioid use (K. Y. Kim et al., 2018;
Wasan et al., 2015). Additionally, benzodiazepine use has been associated with pain
severity and catastrophizing in patients with chronic pain, which may be another
explanation for this finding (Cunningham et al., 2017; Nielsen et al., 2015). In any
case, the use of combined therapy of opioids and benzodiazepines should be avoided
or minimized, especially in older persons (Hoel et al., 2021).

Nevertheless, the proportion of patients who used analgesic drugs also decreased

postoperatively in those patients with a history of antidepressant and/or
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benzodiazepine use. Surprisingly, there are no previous studies showing the
trajectories of analgesic drug use after joint replacement in patients with preoperative
psychiatric disorders. Some eatlier studies have, however, found that patients with
depression or anxiety are often satisfied after joint arthroplasty, and that surgery has
positive effects on the pain levels of patients with depression (Blackburn et al., 2012;
A. R. Jones et al., 2018). Therefore, this study adds to these previous studies that
even though patients with a history of antidepressant or benzodiazepine therapy
have an increased risk for continuation of analgesic use after surgery, the
consumption of opioids and other analgesics is reduced after surgery also in these
patients .

6.2.2.1  User rates of antidepressants and benzodiazepines

The proportion of patients using antidepressants remained essentially stable
throughout the study period which is in line with the finding of a study on patients
undergoing hip replacement (Bldgestad et al., 2016). Some antidepressants
(serotonin-noradrenaline reuptake inhibitors duloxetine and venlafaxine, and
tricyclic antidepressants) may be used in the treatment of chronic neuropathic pain
(Finnerup et al., 2015). Sometimes these drugs are also used if there are both
nociceptive and neuropathic components of pain involved. However, in our study
population the indication for antidepressant use was most probably other than
chronic pain related to osteoarthritis of the index joint because the user rates of
antidepressants did not follow a similar pattern than what was seen in user rates of
analgesic drugs in the perioperative period.

In line with the findings from a previous study (Blagestad et al., 20106), there was
a slight increase in the proportion of patients using benzodiazepines before surgery,
and a slight decrease after surgery. This finding may be related to the link between
pain and sleep or between pain and anxiety (Blagestad et al., 2016; Smith et al., 2008;
Vitiello et al., 2014). Based on our results, the proportion of patients who use
antidepressants or benzodiazepines is not be expected to change remarkably after
joint replacement, although the prevalence of depression and anxiety symptoms has
decreased after joint replacement in some studies (Duivenvoorden et al., 2013; A. R.
Jones et al,, 2018; Tarakiji et al., 2018).
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6.2.3  Comorbidities

Multi-morbidity is common in patients undergoing joint replacement, with around
64-70% of patients having at least one comorbidity (Blom et al., 2016). In the present
study (study III), a higher number of comorbidities, measured with modified
Chatlson Comorbidity Index (CCI) score, predicted the use of acetaminophen and
opioids, but not NSAIDs. This may be related to the adverse events of NSAIDs in
long-term use on patients with comorbidities (Scarpignato et al., 2015; Wehling,
2014). One earlier study reported an association between higher CCI score and
chronic opioid use after TKA (Hansen et al., 2017). A higher number of preoperative
comorbidities has also been associated with persistent postoperative pain after hip
and knee replacement (Lewis et al., 2015; Lungu et al., 20106) and, although the effect
size in a meta-analysis was small at least in TKA patients, CPSP may be one
explanation why patients with comorbidities are more likely to use analgesic drugs
after surgery compared to patients without comorbidities.

Patients with neurodegenerative disorders used acetaminophen (but not NSAIDs
or opioids) more often than patients without neurodegenerative disorders (study I1T),
which may be related to the adverse events of opioids and NSAIDs in long-term use
in the elderly (Ennis et al., 2016; O’Neil et al., 2012; Scarpignato et al., 2015; Wehling,
2014). As expected, patients with cardiac disease used fewer NSAIDs than other
patients (Scarpignato et al., 2015; Wehling, 2014). Patients with epilepsy tend to use
more opioids than the general population, possibly due to a higher prevalence of
painful conditions (Wilner et al., 20106), and a similar finding was made in joint
replacement patients (study III). However, the association between persistent
postoperative pain and specific comorbidities, other than diabetes, obesity, and
metabolic syndrome, was not investigated. Metabolic syndrome was not associated
with persistent postoperative pain in study L.

6.2.3.1 Diabetes

As a separate comorbidity, previously diagnosed diabetes was highly associated
with the prevalence of persistent postoperative pain in study I. Interestingly, diabetes
was not, however, associated with the probability of analgesic use after surgery (study
III). Earlier studies have analyzed the role of diabetes in predicting opioid use with
somewhat contradicting results (Fuzier et al., 2014; Jorgensen et al., 2018; Namba et
al.,, 2018), and a meta-analysis found a slightly increased risk ratio (1.07 (1.01-1.15))
for prolonged use of opioids in patients with diabetes (L. Wu et al., 2020).
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The literature concerning the association with diabetes and persistent
postoperative pain is limited, and conflicting results have been reported in the few
studies available. One earlier study (Gandhi, Razak, et al., 2010) found that diabetes
was not an independent predictor of improvement in pain score (WOMAC) at 1 year
postoperatively, although a similar trend could also be seen in that study. Another
study (C. A. Jones et al., 2012) found that recovery in terms of pain and function
after TKA was slower between 3 months and 3 years in patients with diabetes than
in patients without diabetes. Teo et al. (Teo et al., 2018) found that patients with
diabetes had slightly poorer Oxford Knee Score 2 years after surgery. However, a
similar difference was also found before surgery, and the improvement and
satisfaction after surgery were comparable to patients who were not diagnosed with
diabetes. Lenguerrand et al. (Lenguerrand et al., 2018) found that patients with
diabetes reported worse pain scores (WOMAC)at 12 months after joint replacement,
but concluded that the association was predominantly related to associated obesity
and comorbidities. In these previous studies, the diagnosis of diabetes was based on
patients’ self-reported information or medical charts, whereas in our study, patients
without previously diagnosed diabetes had an oral glucose tolerance test to identify
underlying glucose metabolism disorders. However, newly diagnosed diabetes,
impaired glucose tolerance (IGT), and impaired fasting glucose (IFG) were not
associated with persistent pain in our study. Additionally, glucose control based on
HbA1lc was not associated with persistent pain. A recent meta-analysis concluded
that patients with diabetes (compared to patients without diabetes) had worse
function and health-related quality of life after TKA, but that further research is
needed because of methodological limitations of the included studies (Na et al.,
2021).

Some speculations have been made about the mechanisms of worse pain
outcomes in patients with diabetes. Physiological stress response of surgery produces
neurophysiological changes in patients with diabetes which may elevate glucose
levels, increase insulin resistance and further result in significant hyperglycemia
which may impair healing (Akiboye et al., 2017; Na et al., 2021). Another explanation
could be diabetes-related complications, such as peripheral neuropathy. Diabetes is
also associated with a higher probability for postoperative complications, such as
periprosthetic joint infections and wound infections, which may lead to worse pain
outcomes (Akiboye et al., 2017; Rudy et al., 2018; L.-M. Wu et al., 2021). It has been
suggested, that peri-operative hyperglycemia should be treated adequately, and that
patients with diabetes may benefit from booster rehabilitation sessions to reduce the
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risk of postoperative complications and poor pain outcomes (Akiboye et al., 2017;
Na et al,, 2021).

The prevalence of diabetes has been increasing in recent decades, and 15% of
patients undergoing hip replacement and 21% of patients undergoing knee
replacement in the USA in 2010 had diabetes (Rudy et al., 2018). The prevalence of
diabetes in study I was comparable to these results, as 14% of patients had previously
diagnosed diabetes, 11% were diagnosed with diabetes in the study, and 24% of
patients were diagnosed with IFG or IGT. However, lower prevalence of diabetes
(8% of hip replacement patients and 10% of knee replacement patients) was
observed in study III. The prevalence of diabetes in study III is most probably
underestimated because of undiagnosed diabetes and because the information on
diabetes was extracted from the Special Reimbursement Register, and some patients

with diabetes may not apply for special reimbursement.

6.2.4  Obesity

A higher proportion of severely obese (BMI = 35 kg/m?) patients had a painful joint
1-2 years after hip or knee replacement (based on the answer to the question “Do
you have pain in the operated knee or hip”), compared to the group of normal or
overweight (BMI < 30 kg/m?) patients (study I). However, the proportion of
patients who fulfilled the criteria for having persistent pain was similar among obese
and non-obese patients. Obesity was also associated with higher risk for the
consumption of all the studied analgesic drugs 1 year postoperatively (study III).
According to systematic reviews, obesity seems to be associated with higher
postoperative pain scores after joint replacement, although the results are somewhat
conflicting (Blom et al., 2016; Hofstede et al., 2016; Liu et al., 2015; Pozzobon et al.,
2018). The most recent meta-analysis including 7 studies showed that obese patients
(BMI = 30 kg/m?) report more pain in the short- and long-term after hip or knee
replacement compared to non-obese patients (Pozzobon et al., 2018). A recent large
observational cohort study including 64055 primary hip replacement patients found
that overweight (BMI = 25 kg/m?) and all obesity classes (BMI = 30 kg/m?2) showed
worse pain scores 1 year postoperatively compared to normal weight (BMI 18.5 - 25
kg/m?), as did those who were underweight (BMI < 18.5 kg/m?) compared to those
who were normal weight (Mukka et al., 2020). However, all BMI classes had a
significant improvement compared to the preoperative period (Mukka et al., 2020).
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Interestingly, most earlier studies have not examined whether the pain fulfills the
criteria for having persistent postoperative pain. Instead, the methods used in the
eatlier studies (multi-item questionnaires, such as WOMAC, OHS, or OKS, or single
item measures) are comparable to our definition for having a painful joint (Blom et
al., 2016; Hofstede et al., 2016; Liu et al., 2015; Pozzobon et al., 2018; Wylde et al.,
2013). Therefore, our results are in line with most earlier findings suggesting that
obese patients may have a higher risk for having long-term joint pain after surgery.
However, in our study, the pain in these patients did not fulfil the criteria for
persistent pain.

Obesity was associated with higher user rates of all the analgesic drugs studied in
the present study. A few previous studies have reported an association between
higher BMI and NSAIDs use after THA and TKA (Bolland et al., 2011; Singh et al.,
2010, 2012). Opioid use was analyzed in a recent meta-analysis which found no
association between BMI and long-term opioid use after TJA (L. Wu et al., 2020).
However, this finding is related to the inclusion of two studies of total shoulder
replacement patients in which there were contradicting results (L. Wu et al., 2020),
as all the included studies that considered hip or knee replacement reported that a
higher BMI was associated with prolonged opioid use (Hadlandsmyth et al., 2018;
Namba et al., 2018; Prentice et al., 2019).

The cut-off for worse pain outcomes and increased drug use in many studies is
BMI = 35 kg/m? (Bolland et al., 2011; Davis et al., 2011; Gandhi, Razak, et al., 2010,
Halawi et al., 2019; C. A. Jones et al., 2012; Judge et al., 2013; Mukka et al., 2020;
Rajgopal et al,, 2008; Singh et al., 2010, 2012; Stevens et al., 2012), which also applies
to the findings in the present studies. However, it should be noted that the
proportion of patients who redeemed analgesic drugs also decreased after surgery
among obese patients, a finding which has been reported earlier regarding NSAIDs
and pain variables (Bolland et al., 2011; Mukka et al., 2020).

There is some evidence that obesity might be associated with chronic low-grade
inflammation and autoimmune reactions through increased adipose tissue, and that
this low-grade inflammation might be associated with worse outcome measures
(Mukka et al., 2020). Other possible explanations include higher risk for
complications, reoperations, and revisions associated with obesity (Demik et al.,
2018; Hofstede et al, 2016; Pozzobon et al, 2018; Sayed-noor et al., 2019).
Moreover, obesity has been associated with analgesic use in the general population
(Antonov et al., 1998; Sarganas et al., 2015). In our study, obese patients redeemed
any analgesic drugs more often also preoperatively. In conclusion, according to the

previous literature and the results from study I, the pain levels after hip and knee
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replacement seem to be higher in obese patients compared to patients who are not
obese (Blom et al., 2016; Hofstede et al., 2016; Liu et al., 2015; Pozzobon et al.,
2018). Additionally, obese patients redeem analgesic drugs after surgery more often
than patients who are not obese. However, it should be noted that patients with high
BMI also benefit from the surgery in terms of improved function and reduction in
long-term pain (Blom et al., 2016; Hofstede et al., 2016; Liu et al., 2015; Mukka et
al., 2020; Pozzobon et al., 2018).

6.2.5  Other factors (age, gender, knee vs hip, unilateral surgery)

In the present study, younger patients were more likely to redeem NSAIDs after
surgery, whereas older patients were more likely to redeem prescriptions for
acetaminophen. Previously, younger age has been associated with higher risk for the
use of NSAIDs after knee replacement (Singh et al., 2012), but not after hip
replacement (Singh et al., 2010). The risks related to the chronic use of NSAIDs,
especially in older persons, is a probable explanation for this finding
(Wongrakpanich et al., 2018). Acetaminophen has traditionally been considered a
safe alternative for the management of OA pain especially in patients with
contraindications for NSAIDs or higher age. However, its efficacy and safety have
recently been questioned (da Costa et al., 2017). In the present study, age was not
associated with opioid use, although younger age was found to be a risk factor for
long-term opioid use after TJA in a recent meta-analysis (RR 1.27 (1.16-1.39)) (L.
Wu et al., 2020). Younger age has often been identified as a risk factor for persistent
pain after TKA (Bonnin et al., 2011). In a meta-analysis, however, the effect size was
small (Lewis et al., 2015), and the results regarding THA are conflicting (Hofstede et
al., 2016; Lungu et al., 2016).

Female gender was associated with higher odds for the use of acetaminophen and
NSAIDs (but not opioids) after surgery in the present study, whereas in a meta-
analysis on predictors of opioid use, female gender was a risk factor for long-term
opioid use after TJA (RR 1.11 (1.04-1.19)) (Wu et al 2020). Female gender has been
associated with higher risk for CPSP after TKA, but the effect seems to be minimal
(S. Kim et al, 2017; Lewis et al., 2015), and the results concerning THA are
conflicting (Lungu et al., 2016).

In line with eatlier studies, the prevalence of persistent pain was higher after knee
replacement than hip replacement (Beswick et al., 2012), and patients who
underwent knee surgery used acetaminophen, NSAIDs, and opioids postoperatively
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more often than patients who underwent hip surgery (Bolland et al., 2011; Goesling
et al., 2016; Jorgensen et al., 2018). Patients with simultaneous bilateral knee surgery
were more likely to use analgesics preoperatively (compared to patients with
unilateral operation) but were less likely to use opioids and acetaminophen
postoperatively. Similarly, an increased risk for prolonged opioid use in patients
receiving unilateral TKA was observed in another study (Hadlandsmyth et al., 2018).
The authors of that study hypothesized that patients with unilateral knee
replacement may have continuing pain in the other knee, which could explain
prolonged opioid use. However, in the present study, patients with a second joint
replacement +/- 2 years from the index surgery were excluded, and therefore painful
contralateral osteoarthritis most probably does not explain the findings. Instead, one
possible explanation is that these findings may reflect patient selection bias, as those
patients with psychosocial problems, pain catastrophizing, or signs of a history of
pain sensitization are not usually candidates for simultaneous bilateral knee
replacement. It is not known whether a simultaneous or staged bilateral operation
should be preferred in bilateral osteoarthritis (Lindberg-Larsen et al., 2019), and
these procedures were not compared in the present study (staged bilateral operations
were excluded because of the chosen exclusion criteria). Patients with UKA
(compared to patients with TKA) were less likely to use acetaminophen and opioids
1 year after surgery. This is in line with findings that recovery after UKA is faster
compared to TKA, although there is no difference in pain outcomes at 2 years
(Knifsund et al., 2021).

6.3  Strengths and weaknesses of the study

The main strength of study I was its prospective nature and careful preoperative
evaluation, with accurate detection of glucose metabolism disorders. However, the
small sample size was a major limitation. The study was a secondary analysis and the
power analysis was not calculated to study postoperative pain. Moreover, the
conclusions are based on a relatively small absolute number of cases, as 49 patients
had a painful joint but only 18 of them fulfilled the criteria for having persistent pain.
The criteria for CPSP used in study I was in accordance with generally used criteria
and the definition of persistent postsurgical pain in the 11th version of the
International Classification of Diseases (Treede et al.,, 2015; Werner et al., 2014).
However, we did not exclude other reasons for pain, such as infection or malignancy,
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or a pre-existing pain condition, although this is included in the definition of CPSP,
but neither have been done in most other studies (Wylde et al., 2013).

The examination of persistent pain in study I using the criteria for persistent pain
is a strength of our study, although the absence of validated measurements may also
be considered a weakness, as standardization and the use of validated questionnaires
enables a better comparison of results between studies and to better perform meta-
analyses. Another strength is that, in accordance with the recommendation of the
Initiative on Methods, Measurement, and Pain Assessment in Clinical trials
(IMMPACT), the severity of pain and the quality of pain were also studied (by using
VAS and the PainDetect questionnaire). However, pain medication usage was
studied only in studies II-IV and it is a limitation that pain medication usage and
pain variables were not examined in the same study.

The main strength of studies II-IV is the large homogenic sample of unselected
primary joint replacement patients (only elective joint replacements for
osteoarthritis), and the availability of comprehensive register data from the Social
Insurance Institution of Finland, which included the national reimbursement and
drug prescription registers. In addition, we had access to the prospectively collected
database of Coxa Hospital for Joint Replacement. Therefore, it was possible to
comprehensively identify possible risk factors and potential confounding factors.
Another strength is that there have been no previous studies that have described the
trajectories of the consumption of all analgesic drug types before and after hip and
knee replacement in such a comprehensive manner. Additionally, there have only
been a few previous studies on the risk factors for the prolonged use of non-opioid
analgesic drugs (Bolland et al., 2011; Fuzier et al., 2014; Singh et al., 2010, 2012). As
some patients with CPSP may use non-opioids rather than opioids, the analysis of
all analgesic drugs is essential because of the risks related to the prolonged use of
NSAIDs and acetaminophen (da Costa et al., 2017; Wongrakpanich et al., 2018).

In the present study, the medication data were comprehensive because the
national drug prescription register includes information on all prescribed
medications dispensed in Finland. However, the use of over-the-counter drugs was
not analyzed, which may have underestimated the actual use of acetaminophen and
NSAIDs. Additionally, topical NSAIDs were not analyzed even though they are
considered to be key methods for the pharmacological management of OA pain
(Block, 2014). We chose to analyze the analgesic use at 3-month periods because
Finnish pharmacies are only allowed to give patients a 90-day supply of prescribed
medication at a time. However, in the case of irregular use, analgesics may have been

purchased at longer intervals, and therefore the proportion of patients who used
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analgesic drugs may have been underestimated in the study. Another limitation is
that the amounts of analgesics used were not analyzed. Some eatlier studies have
examined DDDs (defined daily dose) or OMEQs (oral morphine equivalents) which
better enables the study of whether the amounts of analgesics used by individual
patients have increased or decreased after surgery. An analysis of the proportion of
patients who redeem analgesics simply tells whether there is a need or not for
analgesic drugs.

In the present study, possible mental health disorders were assessed by analyzing
the preoperative use of antidepressants or benzodiazepines, whereas most eatlier
studies determined depression and anxiety from preoperative medical records
according to registered diagnosis codes (Bedard, Pugely, Dowdle, et al., 2017;
Bedard, Pugely, Westermann, et al., 2017; Inacio et al., 2016; Namba et al., 2018;
Prentice et al., 2019; Singh et al., 2010, 2012). Although diagnosis codes are a definite
way to determine these comorbidities, their use limits the analysis to specific
psychiatric conditions, although benzodiazepines are widely used as anxiolytics and
sleep medication also in patients without a diagnosis of a specific psychiatric
condition. Regardless of the assessment method, the results were similar concerning
depression and antidepressants in a meta-analysis that analyzed risk factors for
prolonged opioid consumption. However, the observed risk ratio for prolonged
opioid use was slightly higher in patients with preoperative use of benzodiazepines
than in patients with preoperative anxiety(L. Wu et al., 2020). Therefore, the analysis
of the antidepressant and benzodiazepine medications used in the present and a few
other studies (Hadlandsmyth et al., 2018; S. Kim et al., 2017) may have helped to
capture a larger sample of patients who have an even higher risk for prolonged
opioid use compared to the use of diagnosis codes. However, some antidepressants
(duloxetine, venlafaxine, tricyclic antidepressants) may have been used for the
management of chronic pain in some individuals. In such case, antidepressant
therapy may not imply presence of a mental disorder but rather it implies that a
patient has chronic pain, which may explain the higher risk for the use of other
analgesic drugs. The analysis of preoperative symptoms of depression and anxiety
(for example using the Hospital Anxiety and Depression Scale) is another possible
method that has been used in one study (Goesling et al., 20106).

Postoperative analgesic use was examined by determining whether a patient had
redeemed at least 1 prescription for analgesics in a 3-month period 1 year (9-12
months) after surgery. This is in line with most earlier studies which have also
defined opioid use as any use of opioid prescriptions (at least one prescription within

a specific time period), although the time period for analyzing the prescriptions has

109



varied: some studies have analyzed opioid prescriptions filled within a 6-week period
1 year postoperatively, whereas other studies have analyzed prescriptions for the
whole 12-month postoperative period (Chen et al, 2019; L. Wu et al.,, 2020).
Definitions for chronic or prolonged opioid use have varied in some other studies,
ranging from 90 days of continuous opioid use or 120 days of noncontinuous use to
2 or more prescriptions filled within a 6-week period (Chen et al., 2019; L. Wu et al.,
2020).

The comprehensive identification of possible confounding comorbidities was a
strength of studies II-IV. However, there are also some limitations related to this
approach, as certain diseases (such as hypertension) may be underestimated in the
Drug Reimbursement Register because reimbursements are only granted to patients
with more severe disease. Moreover, the Drug Reimbursement Register does not
cover mental health problems other than psychotic disorders, and this is one reason
why data on the use of antidepressants and benzodiazepines were extracted from the
Drug Prescription Register. Identification of all comorbidities was not possible in
study I, and patients with diabetes may have had confounding factors, such as
depression and anxiety, more often than those patients without diabetes.

Another limitation is the inability to find out the indication for the redeemed
analgesics. Therefore, it was not possible to ascertain whether the patient redeemed
analgesics because of pain in the operated joint or in other pain sites. However,
patients with revision or other joint replacement procedure during the follow-up
period were excluded in all studies (studies I-IV), and therefore the perioperative
peak in pain and analgesic consumption related to this latter operation should not
hamper the results related to index surgery. Additionally, only patients with primary
osteoarthritis were included because, for example, patients with systemic rheumatoid
arthritis may have polyarticular involvement more often. The inability to assess
medication adherence is another limitation, as it was not possible to find out whether
the redeemed drugs were taken by the patient and when. Another limitation is that
although patients with major complications leading to revision were excluded, not
all postoperative complications were analyzed.

All patients were operated on at the same hospital with standardized perioperative
care, anesthesia, and analgesia. However, the generalizability of the results from a
single center may be limited. However, although there may be some variation in the
indications for joint replacement and prescription practices, it can be assumed that
the results also apply to osteoarthritis patients in other centers and in other countries
because the national guidelines for the treatment of osteoarthritis in Finland are
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essentially the same as in other western countries (Arokoski et al., 2018; Nelson et
al., 2014).

6.4 Future considerations

Joint replacement of the hip and knee is a highly successful procedure. However,
many patients suffer from persistent pain after surgery. As the number of joint
replacements performed annually increases, more and more people are at risk for
CPSP. The mechanisms and risk factors for CPSP are multifactorial, and therefore
a single preoperative factor or measurement cannot predict CPSP. However, the
assessment of several preoperative factors may indicate whether a patient is at high
risk for developing CPSP after joint replacement. Thus, pre- and postoperative pain
management should be tailored to the individual patient, and the adjustment of
preoperative risk factors and tailored follow-up assessments should be made when
needed.

This study found that those patients who used analgesic drugs, antidepressants
ot benzodiazepines preoperatively, and those patients who are obese or have a higher
number of comorbidities are at higher risk for the prolonged use of opioids and
other analgesic drugs after surgery. However, there is a lack of good quality studies
of interventions that aim to reduce long-term postoperative pain or analgesic use in
these patients. Thus, further studies are needed to identify ways to reduce the risk
for these unfavorable outcomes in these patients by focusing, for example, on the
effects of the more intensive preoperative management of depression/anxiety,
preoperative weight management, alternative pain management techniques, more
intensive postoperative monitoring, and patient counselling. Further studies are also
needed to ascertain whether diabetes is associated with persistent pain after joint
replacement. It is interesting to note that the majority of those studies investigating
the prevalence of persistent postoperative pain, or predictors for persistent pain, do
not actually identify whether a patient fulfils the criteria for persistent postoperative
pain. Therefore, standardization and improvements in the assessment of CPSP and

postoperative analgesic use are needed to enhance the quality of research.
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7 SUMMARY AND CONCLUSIONS

The main findings of this study are summarized as follows:

1) The proportion of patients who used analgesic drugs increased prior to hip
and knee replacement, peaked in the immediate postoperative period, and decreased
thereafter. However, a quarter of patients still used analgesic drugs two years after
surgery. Prolonged analgesic use was more common in knee replacement patients

than in hip replacement patients.

2 Interestingly, over half of joint replacement patients did not redeem

prescription analgesic drugs during the 3-month period preoperatively.

3) Previously diagnosed diabetes was associated with persistent postoperative
pain 1-2 years after surgery, and obesity was associated with having joint pain that

does not fulfill the criteria for persistent pain.

@ Use of analgesic drugs 1 year after joint replacement was more common in
patients with multimorbidity and severe obesity, and it was more common after knee
replacement than after hip replacement.

5) The strongest preoperative predictors of any analgesic use 1 year after joint
replacement were preoperative use of any analgesics, antidepressants, or
benzodiazepines. Those patients who used both antidepressants and
benzodiazepines preoperatively had the highest risk for use of analgesic drugs 1 year

after surgery.
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10 APPENDIX

10.1  Appendix 1: Postal questionnaire of study |

KYSELYLOMAKE

Pyydimme teitd ystivillisesti vastaamaan kaikkiin kysymyksiin ympiréimilld vastauksen, joka vastaa
parhaiten tilannettanne tai kirjoittamalla vastaus sille varattuun tilaan. Valitkaa kuhunkin kysymykseen vain
yksi annetuista vaihtochdoista. Osa kysymyksistd voi tuntua samanlaisilta kuin kyselylomakkeen aiemmat
kysymykset. Tutkimuksen onnistumisen kannalta on kuitenkin tirkedd, ettd vastaisitte huolellisesti kaikkiin
kysymyksiin.

Seuraavat kysymykset koskevat yleisti terveydentilaanne ja elintapoja.

Miten arvioisitte terveyttinne talld hetkelld? 1 Erittdin hyvi
2 Melko hyvi
3 Keskiverto
4 Melko huono
5 Huono
Miten arvioisitte terveytenne muuttuneen leikkauksen 1 Parantunut
jalkeen? 2 Huonontunut
3 Ennallaan
Oletteko tyytyviinen leikkaustulokseen? 1 Kylld
2 En
Oletteko viimeisen kuukauden aikana usein ollut huolissanne 1 Kylla
tuntemastanne alakulosta, masentuneisuudesta  tai 2 En
toivottomuudesta?
Oletteko viimeisen kuukauden aikana ollut usein huolissanne 1 Kylla
kokemastanne mielenkiinnon puutteesta tai 2 En
haluttomuudesta?
Tupakoitteko? 1 Kylla, savuketta paivissi

2 En
Valitkaa alla olevista vaihtoehdoista se, joka parhaiten kuvaa toimintatasoanne viimeisten neljin viikon
aikana:

1 Olen tdysin ei-aktiivinen ja riippuvainen muista, en pysty poistumaan asunnostani.
Olen enimmikseen ei-aktiivinen ja toimintani on erittdin rajoittunutta, pystyn tekemiin vain

3 Osallistun toisinaan kevyeen toimintaan, kuten kivelyyn seki rajoitetusti kotit6ihin ja rajoitetusti
kaupassa kiyntiin.

4 Osallistun sadannéllisesti kevyeen toimintaan.

5 Osallistun joskus kohtalaisen vaativaan toimintaan, kuten uintiin, ja pystyn tekemdin tiettyja

kotit6itd ja kiymain kaupassa.
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6 Opsallistun sdannollisesti kohtalaisen vaativaan toimintaan.

7 Osallistun sadannollisesti aktiiviseen toimintaan, kuten polkupy6riilyyn.

8 Osallistun sadannéllisesti erittdin aktiiviseen toimintaan, kuten keilailuun tai golfiin.

9 Osallistun  toisinaan iskuja aiheuttavaan urheiluun, kuten hélkkain, tennikseen, hiihtoon,

acrobiciin, balettiin, raskaaseen ruumiilliseen ty6hon tai vaelluksille.

10 Osallistun sdannollisesti iskuja aiheuttavaan urheiluun.
Sisaltyyké jokaiseen pdivddnne yleensd vihintidn puoli 1 Kylld, paivittiin
tuntia liikuntaa tyGssd tai vapaa-aikana ns. arkiliikunta 2 Kylld, mutta ei joka paivi
mukaan lukien? 3 Ei

Listaisitteko seuraavaksi alla olevaan tilaan kaikki sddnnollisesti kdytossinne olevat lidkkeet. Merkitkdd
lidkkeen nimi, vahvuus ja annostelu alla olevan esimerkin mukaisesti. ILaikitystietojen perusteella
kartoitamme muita sairauksianne seka lddkityksessd leikkauksen jilkeen tehtyjd muutoksia erityisesti
verenpaine-, diabetes- ja kolesterolilidkkeiden seki kipulddkkeiden osalta.

Primaspan 100 g 1 tabletti kerran pdivissa

Pyytiisimme vield listaamaan alla olevaan tilaan ne lidkkeet, joita kéytitte tarvittaessa. Merkitkad lidkkeen
nimi, vahvuus ja annostelu alla olevan esimerkin mukaisesti.

(Panadol forte 1 g 1 tabletti 1-3 kertaa piivissa)
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Kyselylomake tutkittaville, joilla oli letkkaushetkelld tiedossa diabetes, sisdlsi tillad sivulla esitettivat

kysymykeset.

Tietojemme mukaan teilld oli todettu diabetes (sokeritauti) jo ennen teille [kuukausi/vuosi tihin]
tehtyd tekonivelleikkausta. Seuraavat kysymykset diabeteksen hoitotasapainoa leikkauksen jilkeen

ja diabetekseen liittyvid muita sairauksia.

Onko diabeteksen hoitotasapaino kohdallanne oman 1 Kylld

kisityksenne mukaan hyvi? 2 Ei

Onko hoitotasapainossa tapahtunut muutoksia 1 Kylld, tasapaino on parantunut.

verrattuna tilanteeseen ennen leikkausta? 2 Kylla, tasapaino on huonontunut.

3 Ei, hoitotasapaino on ennallaan.

Milloin viimeksi kévitte kontrollissa diabeteksen takia?

Onko teilld todettu diabetekseen liittyvid. ..

...silmapohjamuutoksia? 1 Kyl 2 FEi

...hermovaurioita? 1 Kyl 2 Hi

...munuaissairautta? 1 Kyl 2 FEi

...jalkojen verenkiertohdiriétd tai katkokively-oiretta? 1 Kyl 2 ki

Oletteko sairastanut. ..

...syddninfarktia (syddnveritulppa)? 1 Kyl 2 FEi

...aivoinfarktia (aivoveritulppa)? 1 Kyl 2 ki
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Kyselylomake tutkittaville, joilla ei leikkaushetkelld ollut tiedossa diabetesta, sisdlsi tilld sivulla
esttettavdt kysymykset.

Ennen tekonivelleikkausta teiltd otettiin verikokeita, joilla selvitettiin mm. sairastatteko diabetesta
(sokeritautia). Seuraavat kysymykset koskevat sokeriarvoihin liittyvid tutkimuksia teille
[kuukausi/vuosi] tehdyn tekonivelleikkauksen jilkeen ja muita sairauksianne.

Onko sokeriarvojanne seurattu leikkauksen jilkeen? 1 Kylld, kerran
2 Kyll4, useita kertoja
3 Ei
Onko teille tehty uudelleen sokerirasituskoetta? 1 Kylld
2 Ei
Onko niissd mittauksissa tullut esiin poikkeavia 1 Kylld
sokeriarvoja? 2 Ei
Onko teilld todettu diabetesta (sokeritautia)? 1 Kylld
2 Ei
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Paljonko tilld hetkelld painatte? Pyydimme tarkastamaan
painon vaa'alla ennen vastaamista ja ilmoittamaan painon
kilogramman tarkkuudella.

g

Onko painonne on muuttunut leikkauksen jilkeen?

Onko teilld todettu verenpainetautia?

Onko teilld todettu kohonneita kolesteroliarvoja?

N —

N S

kg

Kylla, se on noussut.
Kylla, se on laskenut.
Ei

Kylla

Ei

Kylla

Ei

Seuraavat kysymykset koskevat [kuukausi / vuosi tihin] leikatun polven/lonkan kipua.

Onko teilld kipua leikatussa polvessa/lonkassa?

Onko polvi/lonkkakipu paivittaista?

Onko polvi/lonkkakipua kestinyt yhtijaksoisesti yli 3
kuukautta?

Jos polvi/lonkkakipu on kestinyt yli 3 kuukautta, onko
se ollut kokonaan poissa jossakin vaiheessa leikkauksen
jalkeen?

1
2
1
2

1
2
1
2

Kylla
Ei
Kylla
Ei

Kylla
Ei

Kylla
Ei

Merkitkai alla olevalle kipujanalle, kuinka kiped polvenne tai lonkkanne on levossa?

Kivuton Pahin mahdollinen kipu

Merkitka alla olevalle kipujanalle, kuinka kiped polvenne tai lonkkanne on liikkuessa?

Kivuton Pahin mahdollinen kipu

Jos vertaa levossa tuntemanne polvi/lonkkakivun
voimakkuutta tilanteeseen ennen leikkausta, onko
kivun voimakkuus muuttunut?

Jos vertaa liikkuessa tuntemanne polvi/lonkkakivun
voimakkuutta tilanteeseen ennen leikkausta, onko
kivun voimakkuus muuttunut?

Missd maitin polvi/lonkkakipu rajoittaa. ..

W= W

FEi lainkaan Jonkin
verran

... nukkumista? 2
... kavelemista?

..seisomista?

...Istumista?

...pukeutumista?

...nostamista?
...ihmissuhteiden yllapitdmisti?
.. sukupuolielimai?
...vapaa-ajan harrastuksia?

[ T T e
DD DD DN DN
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Kylld, kipu on lievempai.
Kylld, kipu on pahempaa.
Ei, kipu on ennallaan.
Kylld, kipu on lievempai.
Kylld, kipu on pahempaa.
Ei, kipu on ennallaan.

Kohtalaisesti Erittdin
paljon
3 4
3 4
3 4
3 4
3 4
3 4
3 4
3 4
3 4



...arjen askareita? 1 2 3 4
... liikkumista kodin ulkopuolella? 1 2 3 4
. .keskittymiskykya? 1 2 3 4
...autolla ajamista? 1 2 3 4
..tyOkykyi? 1 2 3 4

Aina
Useita kertoja viikossa
Ei juuri koskaan

Onko teidin vaikea nukahtaa polvi/lonkkakivun takia?

Heriitteko kesken unien polvi/lonkkakivun takia? Useita kertoja yossd
Ainakin kerran yossi
Useita kertoja viikossa

En juuri koskaan

Heriitteko polvi/lonkkakivun takia aamulla liian
aikaisin kykenemattd saamaan endi unta?

Joka y6
Useita kertoja viikossa
En juuri koskaan

W= PR -

Miki seuraavista vaihtoehdoista kuvaa parhaiten polvi/lonkkakivun kulkua?

Jatkuvaa kipua vihaisin vaihteluin

Jatkuvaa kipua, johon kuuluvat ajoittaiset kipukohtaukset

Kohtauksittain esiintyvii kipua, kohtausten vilill ei ole kipua

Useita kipukohtauksia, joiden vililld jatkuvaa kipua

EIEE

Ei Tuskin Hieman Jonkin Paljon Erittdin
lainkaan lainkaan verran paljon
Tuntuuko kipualueella polttavaa
kipua (muistuttaa
nokkospoltetta)? 1 2 3 4 5 6
Tuntuuko kipualueella
kihelmointia tai pistelya
(muistuttaa pistelyd neulalla tai
sahkoistd kihelmointid)? 1 2 3 4 5 6
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Tuntuuko kevyt sipaisu (esim.
vaatteiden tai peiton) kivuliaalta
kipu-alueella?

1 2 3 4 5 6
Esiintyyké  kipualueella  akillisid
sahkoiskun kaltaisia
kipukohtauksia? 1 2 3 4 > 0
Tuntuuko kylma tai limmin (esim.
pesuvesi) joskus kivuliaalta kipu-
>
alueellar 1 5 3 4 5 6
Esiintyyko kipualueella
tunnottomuutta?
1 2 3 4 5 6

Aiheuttaako  kipualueen  kevyt
pysty-suora painallus esim.
sormella kipua? 1 2 3 4 5 6
Siteileekd kipu muualle kehoon? 1 Kylla

2 Ei
Kuinka usein joudutte kiyttimain kipuldakkeitd 1 Paivittdin
polvi/lonkkakivun vuoksi? 2 Lihes paivittdin

3 Kerran viikossa

4 Harvemmin kuin kerran

viikossa
5 En tarvitse kipuldakkeitd
Minki verran arvelette itse voivanne vaikuttaa kipuihinne ja toimintakykyynne?
0 1 2 3 4 5 6 7 8 9 10

En voi Voin
vaikuttaa vaikuttaa
lainkaan paljon

Lopuksi kysyisimme muista kipuongelmistanne.

Onko teilld kipua muualla kuin leikatussa polvessa / 1 Kylld
lonkassa? 2 Ei
Kuinka usein joudutte kéyttimidn kipulddkkeiti ndiden 1 Piivittdin
muiden kipujen vuoksi? 2 Lihes piivittiin

3 Kerran viikossa

4 Harvemmin kuin kerran

viikossa

5 En tarvitse kipuldakkeitd
Jos teilld on kipua seki leikatussa polvessa/lonkassa etti 1 Polvi/lonkkakipu
muualla kehossa, kumpi haittaa eliméddnne enemman? 2 Muut kivut

3 Kaikki kivut rajoittavat

yhti paljon.
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Jos teilld on kipua muualla kuin leikatussa polvessa/lonkassa, merkitsisitteké vield oheiseen kuvaan kaikki paikat,
joissa tunnette kipua.

A
i

Lopuksi pyytiisimme teitd ilmoittamaan vield pdivin, jolloin
tdytitte timén kyselyn. . . 2012

Kiitokset vastauksistanne!

Pyydimme teitd palauttamaan kysymyslomakkeen ja suostumuslomakkeen kanssa oheisessa
kirjekuotessa. Palautuskuoren postimaksu on maksettu valmiiksi.
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ABSTRACT

Background and purpose: In some patients, for unknown reasons, pain persists after joint replacement, especially in
the knee. We determined the prevalence of persistent pain following primary hip or knee replacement and its

association with disorders of glucose metabolism, metabolic syndrome (MetS), and obesity.

Patients and methods: The incidence of pain in the operated joint was surveyed 1-2 years after primary hip
replacement (74 patients [4 bilateral]) or primary knee replacement (119 patients [19 bilateral]) in 193 osteoarthritis
patients who had participated in a prospective study on perioperative hyperglycemia. Of the 155 patients who
completed the survey, 21 had undergone further joint replacement surgery during the follow-up and were excluded,
leaving 134 patients for analyses. Persistent pain was defined as daily pain in the operated joint that had lasted over 3
months. Factors associated with persistent pain were evaluated using binary logistic regression with adjustment for age,

sex, and operated joint.

Results: 49 of the 134 patients (37%) had a painful joint and 18 of them (14%) had persistent pain. A greater proportion
of knee than hip patients had a painful joint (46% vs. 24%, p=0.01) and persistent pain (20% vs. 4%, p=0.007).
Previously diagnosed diabetes was strongly associated with persistent pain (5/19 vs. 13/115 in those without; adjusted
OR 8 [95% CI: 2-38]) whereas MetS and obesity were not. However, severely obese patients (BMI > 35), had a painful

joint (but not persistent pain) more often than patients with BMI < 30 (14/21 vs. 18/71; adjusted OR 5 [95% CI: 2—-15]).

Interpretation: Previously diagnosed diabetes is a risk factor for persistent pain in the operated joint 1-2 years after

primary hip or knee replacement.



Background

Many patients continue to experience pain after joint replacement. Persistent pain is defined as pain that develops after
surgery and that has been present for over 3 months (International Association for the Study of Pain 1986) and its
prevalence is underestimated (Visser 2006). According to Beswick et al. (2012), at least 5-21% of hip and 8-27% of

knee replacement recipients suffer from persistent pain postoperatively.

Persistent pain is generally thought to be of neuropathic origin and caused by perioperative nerve damage (Kehlet et al.
2006). However, neuropathic pain seems to be rare in joint replacement patients (Wylde et al. 2011). Instead, these
patients often describe their pain in a way that indicates the presence of an inflammatory factor (Wylde et al. 2011). The
degree of the inflammatory state is associated with the severity of preoperative pain in patients with osteoarthritis
(Sturmer et al. 2004). In addition, the intensity and duration of preoperative pain correlates with persistent postoperative
pain in knee replacement surgery (Lundblad et al. 2008, Puolakka et al. 2010). Other established risk factors for
persistent pain include genetic factors, history of pre-operative pain, depression, existence of other chronic pain sites,

and psychosocial factors (Kehlet et al. 2006, Nikolajsen et al. 2006, Rolfson et al. 2009).

Low-grade systemic inflammation is associated with the pathogenesis of diabetes, metabolic syndrome (MetS;
clustering of cardiovascular risk factors, including abdominal obesity, hypertension, dyslipidemia and impaired glucose
metabolism [Alberti et al. 2009]), and obesity. All these conditions are common among joint replacement recipients
(Meding et al. 2007, Gonzales Della Valle et al. 2012, Workgroup of the American Association of Hip and Knee
Surgeons Evidence Based Committee 2013). Diabetes is associated with poor post-operative outcomes, including
decreased joint function (Robertson et al. 2012) and slower recovery in terms of pain and function (Jones et al. 2012).
Obesity is associated with slower recovery, especially in knee patients (Workgroup of the American Association of Hip
and Knee Surgeons Evidence Based Committee 2013). It has been hypothesized that the systemic proinfammatory state
in MetS negatively affects patients’ function and recovery after joint replacement (Gandhi et al. 2010). To our
knowledge, the effect of disorders of glucose metabolism, MetS, and obesity on persistent pain after joint replacement

has not been studied previously.

We therefore determined whether glucose metabolism disorders, MetS, and obesity are associated with persistent pain

in the operated joint 1-2 years after primary joint replacement.



Patients and methods

Between December 2009 and May 2011, 200 patients scheduled for primary hip or knee replacement for osteoarthritis
in a single orthopedic hospital were recruited in a prospective study concerning perioperative hyperglycemia
(Perioperative hyperglycemia in primary total hip and knee replacement; clinicaltrials.gov [NCT01021826]). Patients of
all ages with or without previously diagnosed diabetes were eligible. The exclusion criteria were an arthritis diagnosis
other than osteoarthritis and regular oral corticosteroid treatment. The patients were closely comparable to other patients
undergoing primary hip or knee replacement for osteoarthritis in the same hospital during the study period (N=2,565) in
terms of sex (proportion of females in the study population 65% vs. 63% in all other patients, p = 0.6) and in terms of
joint operated (proportion of knee replacements 61% vs. 57%, respectively, p = 0.3) but the mean age was lower in the

study population [66 (SD 9) years vs. 68 (SD 11) years, p = 0.002].

Of the 200 patients, 191 were operated on and were enrolled in this prospective observational follow-up study. Pain in
the operated joint was surveyed 1-2 years after the operation using a postal questionnaire. The response rate was 81%
(155/191). After exclusion of patients who had undergone later operations, the study population consisted of 134

patients (80 knee and 54 hip patients) (Figure).

The study protocol concerning preoperative diagnostics, perioperative treatment and postoperative care has been
previously described in detail (Jdmsen et al. 2014). In short, a research nurse evaluated the patients carefully 6-8 weeks

before the surgery and recorded their medical history.

In addition to preoperative laboratory routines, measurements were performed to diagnose MetS and diabetes, as these
conditions are often undiagnosed in many patients (Meding et al. 2007). Thus diagnoses based on patient-report or
patient records are not reliable. Fasting plasma glucose, blood glycosylated hemoglobin A1 (HbA1c), and plasma lipids
(LDL and HDL cholesterol, triglycerides) were measured in all patients. Patients without previously diagnosed diabetes

had a 2-hour oral glucose tolerance test with an oral glucose dose of 75 g (WHO 2006).

Patient characteristics

Almost half of the patients were obese ( BMI > 30). The prevalence of diabetes was 25% (34/134), and 24% (32/134)
had increased fasting glucose (IFG) or impaired glucose tolerance (IGT). 19 patients were already diagnosed with
diabetes before the recruitment, 4 of whom were being treated with insulin, and 15 patients were diagnosed in this

study. Almost two thirds of the patients had MetS. The median (range) duration of follow-up was 18 (11-28) months.



No statistically significant differences in terms of age , sex, operated joint, BMI, and prevalence of disorders of glucose

metabolism or MetS were found between those who responded to the questionnaire and those who did not.

Severely obese participants were significantly younger (median 63 years) than obese participants (median 66 years) and
non-obese participants (median 68 years) (p = 0.02). Men had more often IFG or IGT (31% vs. 20%) and diabetes (33%
vs. 21%) than women (p = 0.04). Also, MetS was more common among men (76% vs. 57%, p = 0.04). Median BMI
was higher in patients with diabetes (33) and IFG or IGT (30) than in patients with normal glucose metabolism (27,
p=0.002). Patients with MetS were significantly more obese (median BMI 32) than patients without MetS (27, p <
0.001). The severity of preoperative pain at rest was milder in patients with disorders of glucose metabolism (Table 2).
No significant differences were found between the subgroups of patients with disorders of glucose metabolism, MetS,
or obesity considering joint replaced, proportions of bilateral operations, unicompartmental knee replacements, and
former joint replacements, average follow-up time and the severity of osteoarthritis, assessed with Kellgren-Lawrence

grading scale (data not shown).

The operations were mainly performed by experienced senior orthopedic surgeons. All operations were performed
under spinal anesthesia. Acetaminophen and/or a non-steroidal anti-inflammatory drug were used as routine analgesics
and they were supplemented by oxycodone when necessary. Epidural analgesia using a continuous levobupivacaine
infusion (1.25 mg/mL) was inserted if needed after routine and supplementary medication. Most of the operations were
unilateral (90%) and a total joint replacement was implanted in all patients except for 8 (6%) unicompartmental knee
replacements. Majority of the knee replacements were cemented (74%) whereas hip replacements were mostly
cementless (67%). Antibiotic-impregnated cement was used in all cemented joint replacements. A pneumatic tourniquet

was used in all knee replacements. The median (range) length of hospital stay was 4 (1-6) days.

Outcomes

The primary outcome was occurrence of persistent pain in the operated joint. The pain questions were based on the
classification of chronic pain (International Association for the Study of Pain 1986) and they were as followsg: “Do you
have pain in the operated knee or hip?”, “Is the pain in the operated knee or hip present daily?”” and “Has the pain in the
operated knee or hip been present for over 3 months straight?”. The patient was deemed to have persistent pain if he or
she had answered “yes” to all 3 questions. Prevalence of having a painful joint was a secondary outcome and it was

assessed by the answer to the first pain question.



The Finnish version of PainDetect questionnaire (Freynhagen et al. 2006) was included in the postal questionnaire to
examine if pain reported was of neuropathic origin. The PainDetect questionnaire was originally developed for patients
with back pain, but it has also been used to examine postoperative pain in joint replacement patients (Wylde et al.

2011).

Statistics

The analyses were done for subgroups of patients according to whether they had disorders of glucose metabolism, had
MetS, or were obese. In order to maximize statistical power, knee and hip replacements were analyzed together, but the

analyses were re-run also separately.

The disorders of glucose metabolism were categorized according to the WHO recommendation (WHO 2006) as
follows: normal glucose metabolism, IFG and/or IGT, and diabetes. The categorization was based on either self-
reported diagnosis of diabetes with confirmed medication or the result of an oral glucose tolerance test in this study.
The patients with previously and newly diagnosed diabetes were analyzed both separately and by combining the groups.
MetS was defined according to the consensus criteria (Alberti et al. 2009), and its impact was studied also separately in
patients with and without diabetes. BMI was analyzed both as continuous and categorized variable. 3 groups were
formed to maximize the statistical power as follows: normal or overweight (< 30), obese (30—34.9), and severely obese
(= 35). In patients with diabetes, the effect of glucose control was evaluated by comparing patients with HbAlc < 6.5%

and those with HbAlc > 6.5% (Kowall and Rathmann 2013).

Associations between disorders of glucose metabolism, MetS, and obesity with a painful joint or persistent pain were
first analyzed using cross-tabulation and y? -test. Then, a binary logistic regression model with adjustment for age, sex,

and operated joint was used to calculate respective odds ratios (OR) and 95% confidence intervals (CI).

Ethics and registration

This study was performed in accordance with the World Medical Association Declaration of Helsinki. The research
plan was approved by the Ethics Board of Pirkanmaa Hospital District, Tampere, Finland (R12071, April 22, 2012). All

the patients gave informed consent before participation. The study was registered to clinicaltrials.gov (NCT01743313).

Results
49 (37%) patients had a painful joint. 18 of them (14% of the whole series) fulfilled the criteria of persistent pain. The

occurrence of persistent pain in 2 other patients was unclear because of missing answers to some of the 3 questions



required for diagnosis.

Knee patients were more likely than hip patients to have a painful joint (46% vs. 24%, p=0.01) and to suffer from
persistent pain (20% vs. 4%, respectively, p=0.007). Of 8 unicompartmental knee replacements in our material, 1
patient had persistent pain. According to the PainDetect questionnaire, the nature of pain was neuropathic in 2 of the 49

patients with a painful joint (4%). Both patients also fulfilled the criteria of having persistent pain.

Previously diagnosed diabetes was a significant risk factor for having persistent pain, but not for having a painful joint
(Table 3). Other disorders of glucose metabolism and MetS were not associated with a painful joint or persistent pain. A
higher proportion of severely obese patients had a painful joint than patients with BMI < 30. The results concerning the
effects of diabetes and severe obesity did not change when ASA score and BMI were added to the adjusted models: OR
for persistent pain in patients with previously diagnosed diabetes was 20 (CI: 3-132) and OR for a painful joint in

severely obese patients was 4 (CI: 1.3-14).

The influence of obesity on the prevalence of a painful joint was similar among knee and hip patients. 14 of 39 non-
obese knee patients, 11 of 26 obese knee patients, and 11 of 14 severely obese knee patients had a painful joint
(p=0.02), and the corresponding proportions of hip patients were 4/32, 6/15 and 3/7, respectively (p=0.05). Also, a
higher proportion of hip patients with MetS had a painful joint (12/36) than hip patients without MetS (1/18) (p=0.04).
Previously diagnosed diabetes was associated with persistent pain in hip patients (2/10 vs. 0/43, p=0.03) but not in knee
patients (3/8 vs. 13/71 p=0.3. However, in a post-hoc analysis the statistical power in these analyses (with the
probability of type 1 error set to 5%), turned out to be low for both hip and knee replacements: 47% and 83% for the
effect of obesity on a painful joint (severely obese vs. non-obese), and 71% and 30% for the effect of diabetes on

persistent pain, respectively.

In patients with diabetes, preoperative HbA1c was not associated with a painful joint (7/14 and 13/19 in patients with

HbAlc < 6.5% and > 6.5%, respectively, p=0.3) or persistent pain (3/14 and 3/19, p=1.0).

To study the influence of the recovery time on the prevalence of pain, the patients were categorized into 3 groups based
on the length of the follow-up time: <15 months (55 patients), 15-21 months (51 patients) and >21 months (28
patients). No statistically significant differences were found in these groups considering diabetes, metabolic syndrome

and different groups of BMI (data not shown). Similar proportions of patients in the different follow-up time groups had
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a painful joint (20/55, 21/51 and 8/27, respectively, p=0.6). However, 10 patients of the 54 patients with the shortest
follow-up time and 8 patients of the 51 patients with the follow-up time of 15-21 months but none of the 27 patients

with follow-up time of over 21 months reported persistent pain (p=0.04).

92% of the patients answered that they had less pain at rest and 89% had less pain at motion relative to the situation
preoperatively. Even so, 8% of the patients had no improvement in pain (or had more pain) at rest, and 11% at motion.
The poor pain relief was common in patients with previously diagnosed diabetes - of whom 3/16 had no improvement
(or had more pain) at rest (6/92 among the others, p=0.1) and 5/17had no improvement (or had more pain) at motion

(7/93 among the others, p=0.02). MetS and obesity were not associated with the poor pain relief (data not shown).

Discussion

This prospective study confirms earlier results (Nikolajsen et al. 2006, Puolakka et al. 2010, Beswick et al. 2012)
indicating that pain in the operated joint is a common problem following primary hip and knee replacement, even after
an uncomplicated postoperative course: one-third of patients had a painful joint and 14% had persistent pain. Our
findings suggest that previously diagnosed diabetes is a risk factor for persistent pain whereas severe obesity is a risk
factor for a painful joint 1-2 years after the operation. Other disorders of glucose metabolism and MetS were not
associated with the prevalence of a painful joint or persistent pain. The prevalence of neuropathic pain was very low in
our material. This supports the former findings that although neuropathic pain is common in other types of surgeries
(Kehlet et al. 2006), the reason for persistent pain among joint replacement patients is something else - perhaps a low-
grade inflammatory process with sensitization in the mechanisms of pain perception (Sturmer et al. 2004, Wylde et al.

2011).

Our main finding is that previously diagnosed diabetes is predictive of persistent pain in joint replacement patients with
osteoarthritis. The difference appeared to be more pronounced in the hip replacement group, in which postoperative
pain otherwise was less common than in the knee replacement group; but we acknowledge that this conclusion is based
on relatively few patients. To our knowledge, there have been no earlier studies on the association between diabetes and
persistent pain after joint replacement. Earlier Gandhi et al. (2010) reported that diabetes was not an independent
predictor of poor functional outcome or improvement in pain, measured at 1-year using WOMAC, although a trend
could be seen also in that study. Jones et al. (2012) observed that recovery in terms of pain and function after total knee
replacement was slower after 3 months to 3 years in patients with diabetes than in patients without diabetes. In both of

these studies the diagnoses of diabetes were based only on patients’ self-reported information or medical charts,



whereas in our study, patients without previously diagnosed diabetes had an oral glucose tolerance test in order to
identify underlying disorders of glucose metabolism. Studies both in general population and in joint replacement
recipients have indicated that diabetes is underdiagnosed and that the real number of patients with diabetes is twice as
much as originally believed (Meding et al. 2007). Because of the careful diagnosis of diabetes in our study, we believe
that the results reflect the actual situation more precisely and our findings that newly diagnosed diabetes, IFG and IGT
are not associated with a painful joint or persistent pain are reliable. Furthermore, unlike the earlier studies, we used the

international classification of persistent pain as primary outcome.

Patients with diabetes are in a chronic systemic proinflammatory state (van Greevenbroek et al. 2013). It has been
shown that in patients with osteoarthritis, the degree of the patients’ inflammatory state is associated with the severity of
preoperative pain (Sturmer et al. 2004). There is also a correlation between the severity of preoperative pain and the
severity of postoperative pain (Kehlet et al. 2006), which is a risk factor for persistent pain (Puolakka et al. 2010).
Contradicting our expectations based on these earlier results, patients with diabetes had least pain, as measured using

visual analog scale (VAS), preoperatively but still increased risk for persistent pain after surgery.

Other factors that could explain persistent pain in patients with diabetes are glucose control and diabetes-related
complications, like neuropathy. In the present study, we categorized diabetes into only 2 subgroups depending on
whether it was diagnosed during this study or previously. This categorization didn’t allow us to examine the influence
of poor long-term blood glucose equilibrium, or how long the previously diagnosed diabetic patient had suffered from
diabetes. It is generally thought, that the blood HbA 1¢ represents the long-term equilibrium of blood glucose levels on
patients with diabetes. However, a single HbA 1c measurement represents patients’ blood glucose equilibrium only from
the past 3 months. Recent studies have shown that complications related to high blood glucose, such as neuropathy,
need more time to develop and are rather related to long-term mean HbA1c or HbA ¢ variability (Kilpatrick 2012). No

statistically significant associations between HbAlc and the pain outcomes were found in the present study either.

Interestingly, none of the patients had persistent pain after a follow-up time of 21 months. It may be that in joint
replacement patients the improvement in pain continues even after 1 year or more. Alternatively, it may be that patients
with diabetes in particular require more time to reach full recovery. As there were only 2 patients with previously
diagnosed diabetes in the group with the longest follow-up (that was also the smallest group), our study does not allow
drawing conclusions on this issue. The definition for persistent pain (International Association for the Study of Pain

1986) does not preclude the possibility that patients may recover from persistent postoperative pain. The prognosis of
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persistent pain is unknown, but it seems that the prevalence of pain decreases as time goes by. Brander et al. (2003)
found that the prevalence of substantial pain decreased from 23% after 3 months to 19% after 6 months, and 13% after

12 months following total knee replacement.

A higher proportion of severely obese patients had a painful joint than in the the group of normal or overweight
patients, whereas obesity was not associated with persistent pain. There is conflicting literature concerning the influence
of obesity on the outcomes of joint replacement. According to some studies, obesity doesn’t affect the outcomes while
in others a negative effect could be seen (Workgroup of the American Association of Hip and Knee Surgeons Evidence
Based Committee 2013). Singh and Lewallen (2010) reported that severe and morbid obesity are significant predictors
of moderate-severe pain after total hip replacement at 2-year and 5-year follow-ups. Investigations of satisfaction with
joint replacement have shown no statistically significant differences between obese and non-obese patients yet morbid
obesity (BMI > 40) seems to be a threshold for worse outcomes (Workgroup of the American Association of Hip and
Knee Surgeons Evidence Based Committee 2013). However, in our study BMI was statistically significantly associated

with a painful joint also as a continuous variable.

Regarding the effect of MetS, Gandhi et al. (2010) reported that patient function and pain following joint replacement
were negatively affected by the increasing number of metabolic abnormalities related to MetS. We found no
associations with MetS and the prevalence of a painful joint or persistent pain. The small sample size in our study may
have biased our results, since closer examination of the number of individual components of MetS was not reasonable.
On the other hand, in the study by Gandhi, no clinical examination was made and the diagnosis of MetS was based only
on patients’ self-reported information about metabolic abnormalities. In earlier studies, poorly controlled MetS has been
associated with perioperative surgical and medical complications after total joint replacement (Gonzales Della Valle et
al. 2012, Zmistowski et al 2013). We excluded patients with later joint replacements but we did not analyze the other
complications; nor did Gandhi et al. [2010], so we cannot preclude the possibility that complications could explain the

conflicting results regarding pain.

The main strengths of our study were its prospective nature and careful preoperative evaluation, with accurate detection
of disturbances in glucose metabolism and other metabolic abnormalities. Persistent pain, our primary outcome, was
defined in accordance with an international, generally accepted definition (international Association for the Study of
Pain 1986). A more recent definition has also been published (Macrae and Davies 1999), in which the borderline for

persistent pain is defined to be at least 2 months - instead of 3 months used in the older definition. We decided to use
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the more strict definition with a 3-month limit, because it is reasonable to assume that 2 months is not enough in joint
replacement patients. It has also been recommended by the IMMPACT consensus meeting (Dworkin et al. 2010) that a
longer borderline should be used, at least in randomized trials. In previous studies, different definitions have been used
for persistent pain (Macrae 2008). Our institution is a high volume center for joint replacement surgery, and the
interventions and perioperative care were highly standardized and remained essentially unchanged during the study
period. Experienced joint replacement surgeons with high annual operation numbers performed most surgeries. Thus,
variation in the treatment hardly biases our results. The response rate was rather good (81%). Patients who had revision
surgery or another primary joint replacement on study period were excluded, so the shortened recovery time of these

patients would not bias our findings.

The study also had some weaknesses. Since its design was based on a research research project concerning
perioperative hyperglycemia, the amount of patients was small from the the point of view of analyzing the prevalence
and predictors of persistent pain. Exclusion of patients who had had later surgeries further reduced the number of
available patients. Because of the small study population, we couldn’t run a multifactorial analysis to examine whether
diabetes was an independent risk factor for persistent pain. Furthermore, post-hoc power analysis indicated that our
sample size was insufficient for appropriate joint-specific analysis. Such analysis would have been important because
the etiology of persistent pain on joint replacement patients is not well known and it may be different after hip and knee
replacement. The conclusions are based on a small absolute number of cases. In addition, we did not have information
about the complications of diabetes, such as peripheral neuropathy, which might have been a relevant factor in
explaining the results. Patients with diabetes may have more comorbidities such as depression and anxiety and it cannot
be ruled out that these comorbidities would explain the high prevalence of persistent pain in these patients. Acute
postoperative pain is another factor that could have biased our results, since it is a risk factor for persistent pain, and we
had no data on this. Because the study was started after the first surgeries in our series, there was some variation in
follow-up times. However, even the patients with the shortest follow-up times should have had enough time to recover
from surgery and early postoperative pain. Our materials do not represent a consecutive series of patients scheduled for

surgery but instead the patients are recruited in several (irregular) phases between 2009 and 2011

Since pain in the operated joint was assessed with a postal questionnaire, we cannot be entirely sure the patient’s answer
concerned only the joint operated in this study. Selection bias is possible with patients planned for staged bilateral
surgeries - who were excluded from the present analysis - since they may have been older or have had more

comorbidities than the patients included. Comorbidities of the patients may have also biased our results, since we were
11



unable to take either individual comorbidities or the number of them into account. The ASA scores of the patients were,
however, included in multifactorial linear regression models and they did nott affect the results. Anxiety and depression
are additional confounding factors (Vissers et al. 2012), the effects of which could not be taken into account

retrospectively.

In conclusion, we found that previously diagnosed diabetes is a risk factor for persistent pain, and that severe obesity is
a risk factor for a painful joint 1-2 years after primary hip or knee replacement. Patients and surgeons should know that
these risk factors may reduce the potential benefits of joint replacement. Further research is needed to clarify the

mechanisms underlying the association between disorders of glucose metabolism and postoperative pain.
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TABLE 1. Baseline characteristics (n=134)

Age, median (range), years
Gender: female, n (%)
BMI, median (range)

Subgroups of obesity, n (%), median BMI

<30
30-35
>35
Glucose metabolism, n (%)
Normal,
IFG/IGT
Diabetes
Previously diagnosed
Newly diagnosed
Metabolic syndrome, n (%)
Operated joint, n (%)
Hip
Knee

Bilateral operation, n (% of hip/knee
replacement patients)

Hip
Knee
Kellgren-Lawrence rating, n (%)
1
2
3
4
Earlier joint replacement, n (%)
ASA rating, n (%)
1
2
3
4
Smoker, n (%)

Preoperative pain, VAS, median (range),
mm*

In rest
In motion

Duration of follow-up, median (range),
months

67 (42-89)
89 (66%)
29 (21-49)

71 (53%), 26
42 (31%), 33
21 (16%), 38

68 (51%)
32 (24%)

19 (14%)
15 (11%)
85 (63%)

54 (40%)
80 (60%)

4 (7%)
10 (13%)

0 (0%)
24 (18%)
56 (42%)
51.(38%)
26 (19%)

10 (8%)
65 (49%)
58 (43%)
1 (1%)
12 (9%)

39 (1-97)
81 (4-99)
18 (11-28)

IFG, increased fasting glucose; IGT, impaired glucose tolerance;

VAS, Visual analog scale
* 82% (110/134) had filled in the VAS-scale
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TABLE 2. Preoperative pain in VAS scale

N* Preoperative pain in rest Preoperative pain in motion
VAS, median (range), p VAS, median (range), p
mm mm
All materials 110 39 (1-97) 81 (4-99)
Glucose
metabolism
Normal 50 46 (1-97) 81 (18-99)
IFG/IGT 30 29 (1-80) 85 (5-98)
Diabetes** 30 24 (1-96) 0.01 79 (4-98) 0.09
BMI
<30 60 45 (1-97) 82 (4-98)
30-34.9 33 29 (1-84) 75 (46-99)
>35 17 25 (1-85) 0.3 83 (47-97) 0.05
MetS
No 41 37 (1-97) 81 (5-98)
Yes 69 42 (1-97) 0.6 79 (4-99) 1.0
VAS, Visual analog scale; IFG, increased fasting glucose; IGT, impaired glucose tolerance; MetS, metabolic
syndrome

*number of patients who had filled in the VAS scale (82%); 24 patients did not answer
**includes both previously and newly diagnosed cases of diabetes
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TABLE 3. Potential risk factors for a painful joint and persistent pain

N Painful joint (n = 49; 37%) Persistent pain (n = 18; 14%)
n (%) OR (95% CI) Adjusted OR*** (95% CI) n (%) OR (95% CI) Adjusted OR*** (95% CI)

Previously diagnosed
Diabetes

No* 115 41 (36%) 1 1 13 (11%) 1 1

Yes 19 8 (44%) 1.4 (0.5-3.9) 2.2 (0.7-6.3) 5 (28%) 3.0 (0.9-9.7) 8.5 (1.9-38)
Glucose metabolism
abnormalities

No 68 24 (35%) 1 1 8 (12%) 1 1

IFG/IGT 32 12 (38%) 1.1 (0.5-2.6) 1.2 (0.5-3.1) 4 (13%) 1.1 (0.3-4.0) 1.1 (0.3-4.5)

Diabetes** 34 13 (39%) 1.2 (0.5-2.8) 1.7 (0.7-4.5) 6 (18%) 1.7 (0.5-5.3) 3.2(0.9-12)
MetS

No 49 15 (31%) 1 1 8 (16%) 1 1

Yes, but without 54 21 (39%) 1.4 (0.6-3.3) 1.5 (0.6-3.5) 4 (8%) 0.4 (0.1-1.5) 0.3 (0.07-1.2)

diabetes

MetS and 31 13 (43%) 1.7 (0.7-4.5) 2.6 (0.9-7.3) 6 (20%) 1.3 (0.4-4.1) 2.3(0.6-8.9)

diabetes**
BMI

<30 71 18 (25%) 1 1 8 (11%) 1 1

30-34.9 42 17 (42%) 2.1(0.9-4.7) 1.9 (0.8-4.3) 6 (15%) 1.3 (0.4-4.1) 1.0 (0.3-3.4)

>35 21 14 (67%) 5.9 2.1-17) 5.0 (1.7-15) 4 (19%) 1.8 (0.5-6.8) 1.1 (0.3-4.7)
BMI (per increase of 1 1.1 (1.0-1.2) 1.1 (1.0-1.2) 1.0 (0.9-1.1) 1.0 (0.9-1.1)
kg/m?)

IFG, increased fasting glucose; IGT, impaired glucose tolerance; MetS, metabolic syndrome
* a patient without diabetes or with IFG, IGT or diabetes mellitus diagnosed in this study
**includes both previously and newly diagnosed cases of diabetes

***adjusted for age, gender and operated joint (hip or knee)
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Abstract

Background: Analgesic drugs are recommended to treat pain caused by osteoarthritis, and joint replacement
should decrease the need for them. We aimed to determine the user rates of analgesic drugs before and after joint
replacement.

Methods: All patients who underwent a primary hip or knee replacement for osteoarthritis from 2002 to 2013 in a
region of 0.5 million people were identified. Patients with revision or other joint replacements during the study
period (operation date +/— two years) were excluded, leaving 6238 hip replacements (5657 patients) and 7501 knee
replacements (6791 patients) for analyses. Medication data were collected from a nationwide Drug Prescription
Register and the prevalence (with its 95% confidence intervals) of acetaminophen, non-steroidal anti-inflammatory
drugs (NSAIDs), mild opioids, strong opioids, and medications used for neuropathic pain was calculated in three-
month periods two years before and after surgery.

Results: Between two years and three months preoperatively, the proportion of patients who redeemed at least
one type of analgesic drug increased from 28% (95% Cl, 27-30%) to 48% (47-50%) on hip replacement patients
and from 33% (32-34%) to 41% (40-42%) on knee replacement patients. Postoperatively, the proportions decreased
to 23% (22-24%) on hip and to 30% (29-31%) on knee patients. Hip replacement patients used more NSAIDs (34%
(32-35%) hip vs 26% (25-27%) knee, p <0.001), acetaminophen (14% (13-15%) vs 12% (11-13%), p <0.001), and
mild opioids (14% (13-15%) vs 9% (8-9%), p <0.001) than knee patients preoperatively, but postoperatively hip
patients used less NSAIDs (12% (11-13%) vs 16% (15-16%), p < 0.001), acetaminophen (9% (8-10%) vs 11% (11-12%),
p <0.001), and mild opioids (5% (5-6%) vs 8% (7-8%), p < 0.001).

Conclusion: Use of analgesic drugs increases prior to joint replacement, and is reduced following surgery. However, a
considerable proportion of patients continue to use analgesics in two-year follow-up.

Keywords: Arthroplasty, Analgesics, Drug prescriptions, Opioids, Non-steroidal anti-inflammatory drugs,
Acetaminophen

Background

Pain is the most common symptom of osteoarthritis
(OA), and current guidelines for the management of
hip and knee OA recommend the use of both non-
pharmacological and pharmacological treatment op-
tions [1-5]. For those patients who do experience
insufficient pain relief with conservative treatment,
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joint replacement is recommended [6-8]. Neverthe-
less, 8 to 27% of knee replacement and 5 to 21% of
hip replacement recipients suffer from persistent
postoperative pain [9].

At present, it is not completely known what propor-
tion of patients use analgesic drugs before and after joint
replacement. It has been estimated that nearly half of all
knee osteoarthritis patients use pain medication, mostly
over-the-counter (OTC) or prescription non-steroidal
anti-inflammatory drugs (NSAID) and acetaminophen
[10]. Supposedly, the proportion of patients using pain

© The Author(s). 2019 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
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(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.
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medication would be greater in those waiting for joint
replacement, and it should decrease postoperatively. The
proportion of hip and knee replacement recipients using
analgesic drugs preoperatively varies from 48 to 94%, de-
pending on methodology of the study [11-15] . The
most commonly used drugs are acetaminophen,
NSAIDs, and mild opioids [11-15]. These practices are
also in accordance with current guidelines for the
pharmacological treatment of osteoarthritis [1, 2, 4].
Several recent studies have examined opioid use after
joint replacement [16—18], but only a few studies have ex-
amined overall analgesic consumption both before and after
surgery [11, 13, 15, 19-21]. Prescription data on total hip
replacement patients indicate an increase in the use of anal-
gesics (both opioids and non-opioids) during the year be-
fore surgery, followed by a peak occurring immediately
after surgery and then a decrease during the first postopera-
tive year [13]. In the field of knee replacement, again, previ-
ous studies have mainly focused on the risk factors for
increased postoperative analgesic consumption [11, 15, 19,
21] or only on the consumption of NSAID’s [20]. More-
over, only a few studies have included medications used for
neuropathic pain [11, 13-15, 18], although a remarkable
share of joint replacement patients suffer from persistent
postoperative pain [9] that may be treated with such drugs.
Therefore, research on the consumption of analgesic drugs
in joint replacement patients should include all analgesic
drugs, and not only acetaminophen, NSAID’s, and opioids.
The aim of this study was to provide a detailed description
of consumption trajectories for all prescription analgesic
drugs two years before and after hip or knee replacement.

Methods

The study population

All hip and knee replacement operations in the Pir-
kanmaa hospital district (population 0.5 million) in
Finland are performed in a single orthopedic hospital.
Between 2 September 2002 and 31 December 2013,
26,466 operations (13,261 hip replacements and 13,
205 knee replacements) were performed on 20,068
patients at the hospital. Preoperative and postopera-
tive information on these patients was collected from
the prospective joint replacement database of the hos-
pital. In this study, the inclusion criteria were primary
operation and primary osteoarthritis being the indica-
tion for surgery. Patients with revisions or other joint
replacements during the study period (operation date
+/- two years) were excluded, leaving 6238 hip re-
placements (5657 patients) and 7501 knee replace-
ments (6791 patients) for analyses (Fig. 1).

Medication data
In Finland, the conservative treatment of osteoarthritis
is primarily the responsibility of general practitioners. If
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conservative treatment is insufficient, patients are re-
ferred for consideration for joint replacement [5]. Post-
operatively, analgesics are first prescribed by surgeons,
whereas general practitioners prescribe analgesics in
longer follow-up.

All medications in Finland are dispensed from licensed
pharmacies. The Social Insurance Institution of Finland
maintains a nationwide Drug Prescription Register that
contains information on all prescribed medications that
have been dispensed in Finland. In this study, informa-
tion on the Anatomical Therapeutic Chemical (ATC)
code of dispensed drugs, the number of units dispensed
(tablets or patches), and the date of purchase was col-
lected from the Drug Prescription Register. Prescription
data were linked to joint replacement data using the
unique personal identification code assigned to all
Finnish residents.

The included medications were classified into
subgroups according to their ATC codes as follows: acet-
aminophen (NO2BEO1), non-steroidal anti-inflammatory
drugs (NSAID) (MO1A), mild opioids (NO2AA59,
NO02AX02, NO2AEO1), strong opioids (N02AA01, NO2AA03,
NO02AA05, N02AB03), medications used for neuropathic
pain  (NO3AX12, NO3AX16, NO6AA09, NO6AAI1O,
NO06AX16, NO6AX21, ie., gabapentin, pregabalin, amitrip-
tyline, nortriptyline, venlafaxine, and duloxetine), and any
analgesic drug (all previous groups combined). Trans-
dermal buprenorphine patches were classified as mild
opioids and transdermal fentanyl patches were classi-
fied as strong opioids. Oral buprenorphine and fen-
tanyl as well as oral liquid products of all opioids
were excluded because they are used for pain caused
by other reasons than osteoarthritis, like cancer pain.
Transdermal gel products and oral liquid products of
NSAID’s were excluded from this study.

Statistics

The proportions (with 95% confidence intervals) of pa-
tients who redeemed at least one prescription of a medi-
cation were calculated in time-periods of three months
(90 days) during the 4-year observation period. Three-
month periods were chosen because Finnish pharmacies
are only allowed to give patients a 90-day supply of pre-
scribed medication at a time. It was recorded, whether a
patient had redeemed at least one prescription of a stud-
ied medication at a corresponding quartile. The eight
quartiles before the operation are referred to as the pre-
operative period and the eight quartiles after the oper-
ation as the postoperative period.

The primary outcome was the detailed description of
the analgesic consumption trajectories of the various
drug classes two years before and after surgery. An ex-
pression ‘user rate’ is used as a synonym for the propor-
tion of patients who redeemed drugs in a specific time-
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* 6791 patients

Fig. 1 Flowchart

period. Analgesic consumption on late preoperative
period (three months preoperatively) was compared to
early preoperative consumption (two years preopera-
tively) and late postoperative (two years postoperatively)
consumption. The primary outcome was first analyzed
in the whole study population and then in the subgroups
according to joint (hip versus knee), gender, and age (<
65 years, 65 to 75 years, > 75 years). Finally, an additional
analysis was made to determine the proportions of pa-
tients who continued to use analgesic drugs after surgery
and the proportion of patients who were new users. In
this analysis, the patients were divided into subgroups
based on information whether they had redeemed anal-
gesics during the year before surgery or not.

The analyses were performed using IBM SPSS Statis-
tics 24. Bilateral operations were analyzed as one. Para-
metric variables are presented with mean and standard
deviation (SD) and categorical variables with numbers
and percentages. Unpaired T-test was used to compare
parametric variables and chi-square test was used to
compare categorical variables. P-values of <0.05 were
considered statistically significant.

Results

Study population

The study population was an unselected population-
based cohort of OA patients undergoing joint replace-
ment surgery. The mean age was 68.7 years (SD 10.1)
and majority (61%) were women (Table 1). Knee re-
placement patients were older and more often women
than hip patients (Table 1). A bilateral operation was
performed in 7% of hip and 16% of knee replace-
ments patients.

All patients

During the 4-year observation period, 92% (95% CI,
91-93%) of the hip replacement patients and 94%
(93-94%) of the knee replacement patients redeemed
at least one analgesic drug prescription.

Table 1 Demographic characteristics

Hip replacement Knee replacement

Total number, n (%) 6238 7501
Gender, female, n (%) 3319 (53.2%) 5077 (67.7%)
Age, mean (SD), years 67.6 (10.6) 69.7 (9.5)
Bilateral operation, n (%) 418 (6.7%) 1225 (16.3%)
BMI?, mean (SD), years 282 (4.7) 299 (4.8)
Diabetes 473 (7.6%) 744 (9.9%)
Neurodegenerative disease” 86 (1.4%) 111 (1.5%)
Cardiac disease® 699 (11.2%) 904 (12.1%)
Pulmonary disease 373 (6.0%) 619 (8.3%)
Hypertension 1656 (26.5%) 2491 (33.2%)
Epilepsy 67 (1.19%) 74 (1.0%)
History of malignancy 182 (2.9%) 273 (3.6%)
ASA score

1 637 (10.2%) 373 (5.0%)

2 2398 (38.4%) 2910 (38.8%)

3 1766 (28.3%) 2590 (34.5%)

4 90 (1.4%) 97 (1.3%)

missing 1347 (21.6%) 1531 (20.4%)

SD = standard deviation

“Body mass index; missing information on 866 (13.9%) of hip and 1042
(13.9%) of knee replacement patients

PAlzheimer’s or Parkinson’s disease

coronary artery disease, heart failure, chronic arrythmia
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Figure 2. The proportions of patients with prescription
analgesic drugs in three months intervals.
NSAID; nonsteroid anti-inflammatory drug.

Fig. 2 The proportions of patients with prescription analgesic drugs in three months intervals.NSAID;nonstereriod anti-inflammatory drug
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The proportion of patients who redeemed at least one
type of analgesic drug prescription increased before the
surgery (Fig. 2, Table 2). Two years before the surgery,
28% (27-30%) of hip patients and 33% (32—34%) of knee
patients redeemed a prescription for at least one type of
analgesic drug. By three months before the surgery, the
proportions had increased to 48% (47-50%) and 41% (40—
42%). After surgery, the use of all analgesics declined and
the user rates decreased approximately to the level 2 years
before surgery (Fig. 2, Table 2). The preoperative increase
was especially attributable to the use of acetaminophen,
NSAID’s, and mild opioids in hip patients and to acet-
aminophen and mild opioids in knee patients. The pro-
portion of patients using NSAIDs decreased in both hip
and knee patients in the late preoperative period (Fig. 2).

In supplementary analysis, the drug use was analyzed in
one year periods, and 73% (72-74%) of hip patients and
67% (66—68%) of knee patients redeemed at least one pre-
scription one year before the surgery (Appendix 1).

A peak in the number of patients who redeemed medi-
cation was seen in the immediate postoperative period
for all analgesic drugs. After the immediate postopera-
tive period, fewer hip patients redeemed analgesics (ex-
cept strong opioids) than knee patients: Two years after
surgery any analgesics were redeemed by 23% of hip and
30% of knee patients (p < 0.001), acetaminophen by 9%
of hip and 11% of knee patients (p <0.001), NSAID by
12% of hip and 16% of knee patients, mild opioid by 5%
of hip and 8% of knee patients (p<0.001) and

medication used for neuropathic pain by 3% of hip and
4% of knee patients (p < 0.001) (Fig. 2).

The most common analgesic drugs throughout the
study period were NSAIDs, except on patients >75
years old who redeemed more often acetaminophen
than NSAID’s in the late postoperative period (Table
2). Three months before the surgery, 34% (95% CI:
32-35%) of hip replacement patients and 26% (25—
27%) of knee patients redeemed NSAIDs, followed by
acetaminophen (14% (13-15%) of hip patients and
12% (11-13%) of knee patients), mild opioids (14%
(13-15%) and 9% (8-9%)), medications used for
neuropathic pain (3% (3-4%) and 4% (3-4%)), and
strong opioids (0.5% (0.3-0.6%) and 0.4% (0.3-0.5%),
respectively) (Table 2).

Those patients who had redeemed analgesics pre-
operatively also redeemed them more often postoper-
atively compared to those patients who had not
redeemed  analgesics  preoperatively  (p <0.001)
(Table 3). Of the patients who had not redeemed an-
algesics three months preoperatively, a higher propor-
tion of knee patients (19%) than hip replacement
patients (13%) redeemed any analgesics two vyears
postoperatively (p <0.001).

Gender

In both operation types, the proportions of patients
who redeemed at least one type of analgesic drug,
acetaminophen, NSAIDs, and mild opioids, were
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Table 3 The proportions of hip and knee replacement patients who continued to redeem analgesics® or were new to redeem

analgesics® postoperatively

Preoperative

Proportion of patients who redeemed analgesics postoperatively

0-3 months preop 0-3 months postop

3-6 months postop 9-12 months postop 21-24 months postop

Any analgesic drug

Preoperative use® 6058 5141
(84.9%)
No preoperative use® 7681 5205
(67.8%)
p<0.001
Acetaminophen
Preoperative use® 1764 1162
(65.9%)
No preoperative use® 11,975 3796
(31.7%)
p<0.001
NSAID
Preoperative use® 4078 2947
(72.3%)
No preoperative use® 9661 5181
(53.6%)
p<0.001
Mild opioid
Preoperative use® 1510 903
(59.8%)
No preoperative use® 12,229 3159
(25.8%)
p <0001
Strong opioid
Preoperative use® 58 34
(58.6%)
No preoperative use® 13,681 251
(1.8%)
p<0.001
Medication used for neuropathic pain
Preoperative use® 454 278
(61.2%)
No preoperative use® 13,285 165
(1.2%)
p <0001

2933 2591 2424
(48.4%) (42.8%) (40.09%)
1331 1187 1258
(17.3%) (15.5%) (16.4%)
p <0.001 p < 0.001 p < 0.001
669 569 507
(37.9%) (32.3%) (28.7%)
881 812 896
(7.4%) (6.8%) (7.5%)

p <0.001 p <0001 p < 0.001
1440 1211 1032
(35.3%) (29.7%) (25.3%)
1102 912 885
(11.4%) (9.4%) (9.2%)

p <0.001 p <0001 p < 0.001
476 414 384
(31.5%) (27.4%) (25.4%)
549 452 521
(4.5%) (3.7%) (4.3%)

p <0.001 p < 0.001 p < 0.001
24 24 16
(41.4%) (41.4%) (27.6%)
30 39 30
(0.2%) (0.3%) (0.2%)

p <0.001 p < 0.001 p < 0.001
275 283 246
(60.6%) (62.3%) (54.2%)
168 197 252
(1.3%) (1.5%) (1.9%)

p <0.001 p <0.001 p <0.001

“The number of patients who had redeemed drugs 3 months preoperatively. The following numbers represent how many of them continued to redeem drugs in

different time periods postoperatively (i.e. old users)

"The number of patients who had not redeemed drugs 3 months preoperatively. The following numbers represent how many of them redeemed drugs in

different time periods postoperatively (i.e. new users)

higher in women than men during the whole study
period, with the only exception being the immediate
postoperative period (Appendix 2, Table 2). During
the study period, the proportion of patients who
redeemed medications used for neuropathic pain was
higher in women than in men, whereas there were no
differences in the use of strong opioids, except on
late postoperative period (Appendix 2, Table 2).

Age

The proportion of patients who redeemed acetamino-
phen was higher in older age groups (compared to
the youngest age group) (Table 2). A higher propor-
tion of younger patients redeemed NSAID’s. In older
patients, the proportion of patients who had
redeemed at least one type of analgesic drug was
higher after surgery compared to younger patients
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(Table 2). The difference according to age was mostly
attributable to hip surgery: two vyears after surgery
20% of patients <65 years, 22% of patients 65-75
years, and 28% of patients >75years redeemed any
analgesics (p <0.001), compared to 31, 29, and 30%
(p =0.609), respectively.

Discussion

This large, regionally all-inclusive study of primary
hip and knee replacement patients with primary
osteoarthritis shows an increase in the proportion of
patients using analgesic drugs before surgery, a peak
in use during the immediate postoperative period,
and a decrease in the late postoperative period. A
surprisingly large share of patients does not use any
analgesics preoperatively. However, those who use an-
algesics preoperatively, are more likely to use them
also postoperatively, and one-fifth of hip and almost
one-third of knee replacement recipients still use an-
algesics two years after surgery. These results expand
the existing knowledge [13] by showing prescription
trajectories have similar pattern in hip and knee re-
placements but use of analgesics is more common in
knee than hip replacement patients after surgery. Use
of strong opioids and drugs for neuropathic pain was
rare and mostly limited to patients who were using
these agents already before surgery.

The observed user rates of analgesic drugs were lower
than in earlier studies [12-14, 20]. Variations in study de-
signs may be one explaining factor. Some patients may have
used only OTC drugs, leading to underestimation of user
rates. Although approximately one-fourth of all NSAIDs
are bought over-the-counter [22], the share is probably
clearly smaller on patients with chronic painful conditions,
like osteoarthritis, because in Finland only small packs of
acetaminophen, ibuprofen, and ketoprofen are available
OTC and they are more expensive than prescribed analge-
sics. Furthermore, it is unlikely that the use of OTC drugs
could explain the differences of user rates between studied
groups of patients. Nevertheless, in accordance with earlier
studies [13, 20], there is indeed a surprisingly large propor-
tion (27%) of patients who did not redeem any prescription
analgesic drugs during the year before surgery, although
pain is the crucial indication for joint replacement [1, 4].
One explanation could be that in some patients the func-
tional impairment and deformity of the operated joint ra-
ther than pain has been the main indication for surgery.
Additionally, only half of the knee osteoarthritis patients
have constant pain, instead, the pain in knee osteoarthritis
is typically intermittent weight-bearing pain, and quite
often it is unpredictable, too [23, 24].

The proportions of patients using acetaminophen,
NSAIDs, and opioids in the late postoperative period were
surprisingly high both after hip and knee replacement,
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again in line with earlier studies [13-15, 17, 18]. The user
rates of NSAIDs decreased to a lower level postoperatively
than that observed two years preoperatively whereas a
small increase was found in acetaminophen, mild opioids,
and medications used for neuropathic pain. A possible ex-
planation is persistent postoperative pain which is more
common after knee replacement and may affect even one
fifth of the patients [9]. Use of analgesics was greater in
women who are known to report more osteoarthritis pain
and acute procedural pain than men [22, 23]. They also
have more persistent postoperative pain [19, 25-27]. Al-
though patients with other joint replacements during the
follow-up period were excluded, a multi-joint osteoarth-
ritis and other chronic musculoskeletal conditions are a
very likely reason for prolonged analgesic use particularly
in the oldest age groups. Unlike some other countries,
however, addiction is an unlike explanation, because there
has not been an opioid epidemic in Finland and the user
rates of opioids were relatively small.

The proportion of patients who redeemed acetamino-
phen, NSAIDs, or mild opioids increased preoperatively
more in hip than in knee replacement patients. Postop-
eratively, the decrease was higher on hip patients,
which has been shown in NSAIDs before [20]. No
change in user rates was seen after 9 months in hip
replacement patients, but the user rates in knee re-
placement patients decreased until 12 months postoper-
atively, which may be related to the longer recovery
period after knee replacement. Furthermore, user rates
for all the studied medications were higher among knee
than hip replacement patients for the whole postopera-
tive follow-up period. A higher prevalence of persistent
postsurgical pain following knee replacement may at
least partly explain this finding [9].

NSAIDs were the most common analgesic drugs which is
in line with the results of previous studies and guidelines [1,
2, 4, 13, 15], although the user rates were somewhat lower
than in previous studies [12-14, 20, 28, 29]. Although the ef-
ficacy and safety of acetaminophen in the treatment of
chronic osteoarthritis pain has been questioned recently
[30-32], the drug is safe and widely used among osteoarth-
ritis patients [10, 11, 13—15]. In this study, it was the second
most commonly drug used, and like other analgesics, its use
was clearly reduced after surgery. Interestingly, approxi-
mately twice as many patients redeemed acetaminophen in
the late postoperative period than in the early preoperative
period. It is possible that especially in the oldest age-groups
patients have changed from NSAIDs to acetaminophen be-
cause of the risks related to chronic use of NSAIDs [33].

User rates of opioids were lower than expected.
Earlier, between 24 and 59% of patients have used
opioids (mild and strong opioids have usually been
analyzed together) 1 to 2years before joint replace-
ment [11, 14, 16, 17, 29, 34], whereas in this study
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the proportions were around 15 and 10% in hip and
knee patients three months before surgery, respect-
ively. Similar observation was made also when drug
use was analyzed for one year period. The reason for
this difference is unclear. Although it should be noted
that these results originate from one hospital district,
it seems that at population level the overall preva-
lence of dispensed opioids is lower in Finland (6% in
year 2016) [35] than in other Nordic countries (8—
12% in women and 6-9% in men in year 2016) [36]
or in the United States (17% in year 2017) [37]. Also,
the total consumption of opioid analgesics measured
in DDD has been lower in Finland [38]. Another ex-
planation might be that opioid prescription has been
controlled more tightly in Finland than in some other
countries, and a special prescription form which is
not possible to copy was needed for strong opioids at
the time of this study. All in all, the prevalence of
any opioid use was higher in our cohort compared to
Finnish population, which is in line with earlier find-
ings (in Sweden 9.6% on individuals without OA
compared to 23.7% on individuals with OA) [39].

It is noteworthy, that the number of long-term
users of opioids did not increase remarkably after
joint replacement, and only a minority of patients
were new users of opioids 2years after hip and knee
replacement (3 and 5%, respectively). The consump-
tion of opioids was mostly related to the perioperative
phase. Use of strong opioids was rare (less than
0.5%), and only a minority were new users of strong
opioids after surgery (0.2%).

Unlike the other analgesics, the user rates of medi-
cation used for neuropathic pain did not have a clear
association with the time of surgery, suggesting that
the indication for the use of these drugs is probably
other than osteoarthritis. However, it has been esti-
mated that a neuropathic component is present in
one-third of patients with painful osteoarthritis [40,
41] and some patients could benefit from medication
used for neuropathic pain. In line with earlier studies
[11, 15], the user rates increased during the study
period, especially in knee replacement patients. Pro-
longed postoperative pain is a possible explanation for
this observation [9, 42].

There are several strengths in this register study, in-
cluding the large sample size of an unselected popula-
tion sample undergoing hip or knee replacement for
osteoarthritis. Medication data were extracted from a
publicly funded nationwide prescription register with
practically complete coverage. Only a few studies have
analyzed data of all analgesic drug classes from national
registers [11, 13, 15]. We believe that the inclusion of
all analgesic drug groups is essential to understand the
trends of analgesic consumption before and after joint
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replacement. However, all these previous studies show
the user rates only one year pre- and postoperatively.
In this study, the user rates were analyzed two years be-
fore the surgery to find out at which point the propor-
tion of users starts to increase, and two years
postoperatively to find out whether analgesic use
stabilize one year after surgery. Patients with revision
or other joint replacement during the follow-up period
were excluded, so hip and knee pain on other joints
should not hamper the results. All operations were per-
formed in a single orthopedic hospital with a standard-
ized perioperative anesthesia and analgesia.

Register-based studies also have limitations. The
pharmacological dispensing data do not inform whether
the drug was redeemed because of pain in the operated
joint or whether the patient has taken the drug or not. A
daily diary of analgesic drug use could give more accurate
information on the topic. We did not analyze amounts of
drugs used, and inclusion of DDDs (defined daily dose) or
OMEQs (oral morphine equivalents) could give more in-
formation on this topic. However, the perceptions of pain
and the amounts of analgesics used are individual, and the
value of reporting proportions of users is that it tells
whether there is need or no need for analgesics. We were
not able to analyze OTC drugs and topical NSAIDs that
may have been used in addition to or instead of prescrip-
tion analgesics and hence the actual use of analgesics may
have been even greater than we observed. In the case of ir-
regular use, purchases of analgesics can occur with longer
intervals, and therefore the proportion of users may be
underestimated in studies based on register data. A multi-
joint osteoarthritis is one confounding factor and we were
not able to analyze pain on non-target joints. The intensity
of pain and the prevalence of persistent pain could not be
evaluated in this study. Although the population was un-
selected and included all the patients of the region, the
generalizability of the results may be limited, because all
surgeries were performed in the same hospital, and both
indications for joint replacement and prescription prac-
tices may vary in different regions even though there are
national guidelines for both. It should be noted that due
to the large sample size, even minor differences may ap-
pear statistically significant.

Conclusions

In conclusion, the use of analgesic drugs increases before
joint replacement surgery, and both hip and knee re-
placement lead to reduction in the use of pain medica-
tions, although the change is lesser after knee
replacement. The reductions in the user rates were simi-
lar for acetaminophen, NSAIDs and opioids whereas use
of medications for neuropathic pain seems to increase
slightly. A substantial number of patients continue to
use analgesics up to two years after surgery.
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analgesic drugs in three months intervals.
NSAID; nonsteroid anti-inflammatory drug.

Appendix 2. The proportions of patients with prescription
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Fig. 3 The proportions of patients with prescription analgesic drugs in three months intervals. NSAID; nonsteroid anti-antiflammatory drug
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Abstract

Background: Pain persists in a moderate number of patients following hip or knee replacement surgery. Persistent
pain may subsequently lead to the prolonged consumption of analgesics after surgery and expose patients to the
adverse drug events of opioids and NSAIDs, especially in older patients and patients with comorbidities. This study
aimed to identify risk factors for the increased use of opioids and other analgesics 1 year after surgery and focused
on comorbidities and surgery-related factors.

Methods: All patients who underwent a primary hip or knee replacement for osteoarthritis from 2002 to 2013 were
identified. Redeemed prescriptions for acetaminophen, non-steroidal anti-inflammatory drugs (NSAIDs), and opioids
(mild and strong) were collected from a nationwide Drug Prescription Register. The user rates of analgesics and the
adjusted risks ratios for analgesic use 1 year after joint replacement were calculated.

Results: Of the 6238 hip replacement and 7501 knee replacement recipients, 3591 (26.1%) were still using
analgesics 1 year after surgery. Significant predictors of overall analgesic use (acetaminophen, NSAID, or opioid)
were (risk ratio (95% Cl)) age 65-74.9 years (reference < 65), 1.1 (1.03-1.2); age > 75 years, 1.2 (1.1-1.3); female
gender, 12 (1.1-1.3); BMI 30-34.9 kg/m? (reference < 25kg/m?), 1.1 (1.04-1.2); BMI > 35 kg/m?, 14 (13-16); and a
higher number of comorbidities (according to the modified Charlson Comorbidity Index score), 1.2 (1.1-1.4).
Diabetes and other comorbidities were not significant independent predictors. Of the other clinical factors, the
preoperative use of analgesics, 2.6 (2.5-2.8), and knee surgery, 1.2 (1.1-1.3), predicted the use of analgesics, whereas
simultaneous bilateral knee replacement (compared to unilateral procedure) was a protective factor, 0.86 (0.77—
0.96). Opioid use was associated with obesity, higher CCl score, epilepsy, knee vs hip surgery, unilateral vs bilateral
knee operation, total vs unicompartmental knee replacement, and the preoperative use of analgesics/opioids.
Conclusions: Obesity (especially BMI > 35 kg/m?) and the preoperative use of analgesics were the strongest
predictors of an increased postoperative use of analgesics. It is remarkable that also older age and higher number
of comorbidities predicted analgesic use despite these patients being the most vulnerable to adverse drug events.
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Introduction

Although hip and knee replacement are performed to re-
duce pain and regain function in patients with late-stage
arthritis [1, 2], 10-20% of patients continue to suffer
from persistent pain after surgery [3, 4]. The latest stud-
ies focusing on persistent pain indicate that its major
risk factors include pain catastrophizing, intensity of pre-
operative pain, mental health problems, knee surgery,
and certain comorbidities, such as diabetes [4—7].

Persistent pain may also lead to the increased con-
sumption of analgesics [8]. To date, however, only a lim-
ited number of large-scale studies have been conducted
on the trajectories of analgesic consumption and the risk
factors associated with increased analgesic consumption
after surgery [9-21], even though the risks for adverse
events of opioids and non-steroidal anti-inflammatory
drugs increase in long-term use [22-24], especially in
elderly patients with comorbidities. Motivated by the on-
going opioid prescription crisis [25], most recent studies
have focused on opioid use after joint replacement and
reported higher odds for prolonged postoperative opioid
use in association with psychiatric disorders, preopera-
tive opioid use, worse preoperative pain, younger age,
cardiac disease, and undergoing knee (compared to hip)
surgery [9-17, 26].

The analysis of persistent pain should also include
non-opioid analgesics, which at present only applies to a
few studies [9, 18—20]. Indeed, high levels of preopera-
tive pain, knee surgery (compared to hip surgery), and
younger age have all been associated with an increased
overall consumption of analgesic drugs [9]. Furthermore,
obesity, female gender, younger age, and depression are
associated with an increased consumption of NSAIDs
[18-20]. However, general comorbidities, such as dia-
betes, a risk factor for persistent pain, have only been
analyzed in one previous study [9], in which no differ-
ences in overall analgesic consumption after knee re-
placement were reported. To the best of our knowledge,
those factors related to the consumption of acetamino-
phen have not previously been analyzed in the literature.

In our study, we studied the use of opioids, NSAIDs,
and acetaminophen in a large sample of patients under-
going primary hip or knee replacement for osteoarthritis.
Our primary aim was to find out whether postoperative
analgesic use is associated with patient characteristics,
such as obesity or other comorbidities, or other clinical
factors such as preoperative clinical state, and analgesic
use. Our secondary aim was to find out whether these
factors differ depending on the type of analgesic used.

Patients and methods

The study population

A total of 13,261 hip replacements and 13,205 knee re-
placements were performed between September 2, 2002,

Page 2 of 11

and December 31, 2013, in a single, publicly-funded
orthopedic hospital in Finland, as reported in a previous
study [27]. A prospective database of the hospital in-
cludes preoperative and postoperative clinical informa-
tion on these patients. All patients who had undergone a
primary operation and had primary osteoarthritis as the
indication for surgery were included in this study. Pa-
tients with revisions or other joint replacements during
the study period (operation date +/— 2 years) were ex-
cluded. Finally, 13,739 joint replacements (6238 hip re-
placements performed on 5657 patients and 7501 knee
replacements performed on 6791 patients) were included
(Fig. 1).

Special reimbursement register

Finland has a health insurance system that covers all res-
idents. A share of the costs of prescribed medications is
reimbursed by the Social Insurance Institution (SII). Pa-
tients with certain severe and chronic diseases are enti-
tled to special refunds. To be eligible for special
reimbursement, a written certificate that verifies that the
patient’s condition meets the predefined criteria is re-
quired from the treating physician. The SII maintains a
Special Reimbursement Register that was used to extract
information on chronic diseases for this study. The
chronic diseases include Alzheimer’s disease, cardiac dis-
ease (coronary heart disease, heart failure, and chronic
arrhythmias), hypertension, diabetes, epilepsy, malignan-
cies, asthma or other severe obstructive pulmonary dis-
ease, severe kidney disease, Parkinson’s disease,
psychoses, and rheumatic diseases.

Medication data

In addition to the Special Reimbursement Register, the
SII also maintains a nationwide Drug Prescription
Register that contains information on all prescribed
medications that have been dispensed from pharmacies
in Finland. In this study, information on the Anatomical
Therapeutic Chemical (ATC) code of the dispensed
drugs, the number of units dispensed (tablets or
patches), and the date of purchase was collected from
the Drug Prescription Register 2 years prior to and after
surgery. The analyzed analgesics were acetaminophen
(NO02BEO1), NSAIDs (including coxibs; M01A), and opi-
oids (NO2A). Depression is a significant risk factor for
persistent pain and analgesic use [4, 5, 9, 18, 19, 26], and
therefore, information on antidepressant (NO6A) pur-
chases within a period of 1 year prior to surgery was reg-
istered to act as an indicator of depression because only
psychotic depression is recorded in the Special Reim-
bursement Register. Over-the-counter (OTC) drugs,
which in Finland include small packs of acetaminophen,
ibuprofen, and ketoprofen, were not recorded in this
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13,261 hip and 13,205 knee
replacements

e Not primary operation
3645 hip replacements
1792 knee replacements

v

9,616 primary hip and 11,413
primary knee replacements

® Not primary OA as indication

A4

1764 hip replacements
1096 knee replacements

7,852 hip and 10,317 knee
replacements for OA

A\ 4

eRevision or other joint

replacement in the study period
1614 hip replacements
2816 knee replacements

Study population

6,238 hip replacements
e 5,657 patients

7,501 knee replacements
* 0,791 patients

Fig. 1 Flowchart

study. In Finland, all medications (including OTC drugs)
are sold from pharmacies.

Statistics
The proportions of patients who redeemed at least one
prescription of the studied medication were calculated in
time-periods of 3 months (90 days), 2 years preopera-
tively, and 2 years postoperatively. The analgesic groups
included opioids, NSAIDs, acetaminophen, and any anal-
gesics (previous groups combined).

In this study, the focus was on those factors associ-
ated with the use of analgesics preoperatively (0-3

months before surgery) and 1year postoperatively (9—
12 months after surgery). The factors analyzed that
were potentially associated with the use of analgesics
included chronic diseases at the time of surgery (ac-
cording to the Special Reimbursement Register data).
In addition, clinical data which was collected at pre-
operative outpatient clinic visit within a few weeks
before surgery were extracted from the prospective
database of the hospital that included age, gender,
body mass index (BMI), laterality (unilateral/bilateral)
of the operation, prosthesis type (for knees, unicondy-
lar/total knee replacement), and Harris Hip Score



Rajamaéki et al. Arthritis Research & Therapy (2020) 22:89

(HHS) for hip patients and Knee Society Knee and
Function Score (KSS) for knee patients.

A modified Charlson’s Comorbidity Index score [28]
was calculated for each patient based on the drug reim-
bursement data. A score of 1 was assigned for heart fail-
ure, coronary artery disease, diabetes type I or type II,
chronic asthma or other severe obstructive pulmonary
disease, dementia, disseminated connective tissue dis-
eases, and rheumatoid arthritis and other comparable
conditions. A score of 2 was assigned for uremia requir-
ing dialysis, severe anemia in connection with chronic
renal failure, leukemia and other malignant diseases of
blood and bone marrow (including malignant diseases of
the lymphatic system), and cancer (including breast and
prostate cancers, female genital tract cancer, and malig-
nant neoplasms).

Although differences in the trajectories of analgesic
consumption among hip and knee replacement patients
were reported in a previous analysis [27], in this study,
the risk factors for the use of analgesics postoperatively
were nearly identical. Therefore, the results for hips and
knees are shown together, except for the analyses con-
cerning the effects of laterality, prosthesis type, and hip
and knee scores.

The analyses were performed using IBM SPSS Statis-
tics 24. Parametric variables are presented with mean
and standard deviation (SD). Student’s T test was used
to compare parametric variables and chi-squared test
was used to compare categorical variables. Multivariable
adjusted log-binomial regression was used to calculate
adjusted risk ratios (RR,) with 95% confidence intervals
(CI) for using different types of analgesics. Adjustments
in the multivariate model included age, gender, joint,
BMI, Charlson Comorbidity Index score, preoperative
purchases of antidepressants, and laterality (bilateral/
unilateral). P values of <0.05 were considered statisti-
cally significant.

Ethics and registration

The use of drug register data was approved by the Social
Insurance Institution of Finland, and permission to use
other patient-related data was applied for from the hos-
pital authorities responsible for that data. As this was a
retrospective register study, no consent from the Ethical
Board or the patients was required.

Results

The mean age of the study population was 68.7 years
(67.6 years for hip patients and 69.7 years for knee pa-
tients) and 61.1% were women (53.2% of hip and 67.7%
of knee patients). Mean BMI was 29.1 kg/m> (28.2 for
hip patients and 29.9 on knee patients). Comorbidities
are shown in Table 1.
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Three months preoperatively, 43.1% of patients
redeemed at least one type of analgesic drug, most com-
monly NSAIDs (29.7%), followed by acetaminophen
(12.8%), and opioids (11.3%). One year after surgery, the
proportion of patients who redeemed at least one type
of analgesic drug decreased to 26.1%, and NSAIDs were
still the most common (15.5%), followed by acetamino-
phen (10.1%), and opioids (6.7%).

Patient characteristics

A higher proportion of older patients redeemed any an-
algesic drug 1 year postoperatively (29.0% of patients
aged > 75 years) than younger patients (26.2% of patients
aged 65-75years and 23.7% of patients aged < 65 years;
p<0.001) (Additional file 1). In the adjusted model, pa-
tients older than 75years (reference <65 years) had
higher RR, for the use of any analgesic drug (RR, 1.2
[95% CI 1.1-1.3]) and acetaminophen (2.2 [1.9-2.5]) and
lower RR, for the use of NSAIDs (RR, 0.77 [0.68-0.86])
(Table 2). A higher proportion of women (28.8%) than
men (22.0%) redeemed any analgesic drug postopera-
tively (p <0.001). In the adjusted model, women had
higher RR, for the use of any analgesics, acetaminophen,
and NSAIDs, but not opioids (Table 2).

Comorbidities

High body mass index (BMI) preoperatively was associ-
ated with the use of any analgesic drugs (Fig. 2). One
year postoperatively, 22.7% of patients with BMI <25,
24.5% of patients with BMI 25-30, 27.7% of patients
with BMI 30-35, and 29.0% of patients with BMI > 35
redeemed analgesics (p <0.001). In the adjusted model,
patients with BMI > 35 kg/m? (reference < 25 kg/m?) had
higher RR, for the use of any analgesic drug, acetamino-
phen, NSAIDs, and opioids (Table 2). BMI was also as-
sociated with the higher RR, of drug use as a continuous
variable (Table 2).

A high Charlson Comorbidity Index (CCI) score was
associated with any analgesic drug use both pre- and
postoperatively. Postoperatively, 24.1% of patients with a
score of 0, 30.7% of patients with a score of 1, and 33.1%
of patients with a score of 2 or more redeemed any anal-
gesic drug (Additional file 1). In the adjusted model, a
CCI score of 2 or more was associated with higher RR,
for the use of any analgesic drugs (RR, 1.2 [1.1-1.4]),
acetaminophen (RR, 1.4 [1.2-1.6]), and opioids (RR, 1.8
[1.5-2.2]). The results were similar when patients with a
history of malignancy were excluded (data not shown).

Although many of the individual comorbidities were
associated with a greater proportions of users of any an-
algesic drug postoperatively (Additional file 1), after ad-
justments, only chronic lung disease was associated with
the use of NSAIDs (RR, 1.2 [1.03-1.4]), and epilepsy
was associated with the use of opioids (RR, 1.9 [1.3—
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Table 1 Demographic characteristics
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Hip replacement

Knee replacement

Total number, n
Age, mean (SD), years
Female
Bilateral operation, n (%)
BMI, mean (SD), kg/m?*
Charlson Comorbidity Index**
0
1
>2
Diabetes, n (%)
Cardiac disease***, n (%)
Psychotic disorder, n (%)
Neurodegenerative disease (Alzheimer or Parkinson), n (%)
Pulmonary disease, n (%)
Hypertension, n (%)
History of malignancy, n (%)
Epilepsy, n (%)
Antidepressant****, n (%)
Preoperative analgesic use, n (%)
Any analgesic
Acetaminophen
NSAID
Opioid
KSS Knee Score, n (%)
Poor (< 60)
Fair (60-70)
Good or excellent (> 70)
Missing
KSS Function Score, n (%)
Poor (< 60)
Fair (60-70)
Good or Excellent (> 70)
Missing
Harris Hip Score, n (%)
Poor (< 70)
Fair (70-80)
Good or excellent (> 80)

Missing

6238

67.59 (10.63)
532%

418 (6.7%)
282 (4.7)

4685 (75.1%)
1128 (18.1%)
425 (6.8%)
473 (7.6%)
699 (11.2)
92 (1.5%)

86 (1.4%)
373 (6.0%)
1656 (26.5%)
182 (2.9%)
67 (1.1%)
621 (10.0%)

2959 (47.4%)
870 (13.9%)
2095 (33.6%)
870 (13.9%)

3801 (60.9%)
240 (3.8%)
59 (0.9%)
2138 (34.3%)

7501

69.67 (9.52)
67.7%

1225 (16.3%)
299 (4.8)

5239 (69.8%)
1621 (21.6%)
641 (8.5%)
744 (9.9%)
904 (12.1%)
137 (1.8%)
1171 (1.5%)
619 (8.3%)
2491 (33.2%)
273 (3.6%)
74 (1.0%)
840 (11.2%)

(
(
(
(
(
(

2960 (39.5%)
894 (11.9%)
1983 (26.4%)
685 (9.1%)

3965 (52.9%)
642 (8.6%)
277 (3.7%)
2617 (34.9%)

2760 (36.8%)
623 (8.3%)

1473 (19.6%)
2645 (35.3%)

SD standard deviation, BMI body mass index

*Missing on 825 (13.2%) of hip and 997 (13.3%) of knee patients
** Modified Charlson Comorbidity Index

***Coronary artery disease, heart failure, chronic arrhythmia
****Redeemed antidepressant 1 year before surgery



Rajamaéki et al. Arthritis Research & Therapy (2020) 22:89 Page 6 of 11
Table 2 Multivariable adjusted risk ratios (RR,) for analgesic consumption
Preoperative (0-3 months)  Postoperative (9-12 months)
Any analgesic** Any analgesic** Acetaminophen NSAID Opioid
Age, years
<65 1 1 1 1 1
65-75 1.02 (097-1.1) 1.1 (1.03-1.2) 14 (1.2-1.7) 0.94 (0.85-1.03) 1.03 (0.87-1.2)
>75 1.01 (0.95-1.1) 1.2 (1.1-1.3) 2.2 (1.9-2.5) 0.77 (0.68-0.86)  1.06 (0.89-1.3)
Female gender 1.1(1.1-1.2) 1.2 (1.1-1.3) 1.4 (1.2-1.6) 1.2 (1.1-1.3) 1.1 (0.98-1.3)
BMI, kg/m”
<25 1 1 1 1 1
25<30 1.04 (0.98-1.1) 1.1 (097-12) 1.01 (0.87-1.2) 1.1 (096-1.2) 1.01 (0.83-1.2)
30-35 1.1 (1.05-1.2) 1.1 (1.04-1.2) 1.2 (1.03-1.4) 1.1 (0.99-1.3) 1.1(091-14)
>35 1.3 (1.2-1.4) 1.4 (1.3-1.6) 1.6 (1.4-2.0) 1.5 (1.3-1.7) 1.4 (1.1-1.8)

BMI, constant, per increase of 1kg/m’  1.02 (1.01-1.02)

Charlson Comorbidity Index***

1.02 (1.02-1.02)

1.03 (1.02-1.04)  1.02 (1.01-1.03)  1.02 (1.01-1.03)

0 1 1 1 1 1

1 1.1 (1.00-1.1) 1.2 (1.1-1.3) 1.3 (1.2-1.5) 1.04 (0.94-1.2) 1.3 (1.1-1.5)

2 or more 1.1 (1.01-1.2) 1.2 (1.1-1.4) 1.4 (1.2-1.6) 1.02 (0.87-1.2) 1.8 (1.5-2.2)
Diabetes

No 1 1 1 1 1

Yes, but without insulin medication ~ 0.99 (0.94-1.04) 1.1 (0.99-1.3) 1.01 (0.90-1.1) 1.02 (0.93-1.1) 1.1 (0.95-1.3)

Yes, with insulin medication 1.02 (0.93-1.1) 0.98 (0.88-1.1) 0.95 (0.79-1.2) 0.89 (0.74-1.1) 1.1 (0.86-1.4)
Cardiac disease**** 0.86 (0.80-0.93) 0.94 (0.85-1.04) 0.96 (0.81-1.1) 0.77 (0.65-0.91) 1.2 (0.94-14)
Psychotic disorder 1.1 (092-12) 1.1 (0.94-1.3) 12 (0.93-17) 0.77 (0.55-1.1) 14 (0.96-1.9)
Neurodegenerative disease***** 1.1 (0.96-1.3) 1.03 (0.84-1.3) 1.4 (1.1-1.9) 0.88 (0.59-1.3) 062 (0.35-1.1)
Chronic lung disease 1.1 (098-1.2) 1.1 (097-1.2) 1.1 (0.89-1.3) 1.2 (1.03-1.4) 1.1 (0.86-14)
Hypertension 1.01 (097-1.1) 1.1 (0997-1.1) 1.04 (0.93-1.2) 1.03 (0.93-1.1) 1.1 (0.98-1.3)
History of malignancy 1.1 (096-13) 1.1 (089-13) 1.00 (0.74-1.4) 1.2 (0.86-1.6) 097 (068-14)
Epilepsy 1.1 (0.91-1.3) 1.2 (099-16) 1.3 (0.86-2.0) 093 (061-14) 1.9 (1.3-3.0)
Knee replacement vs hip replacement  0.77 (0.74-0.81) 1.2 (1.1-1.3) 1.1 (1.01-1.3) 1.2 (1.1-1.3) 1.2 (1.1-1.4)
Preoperative analgesic use****** - 2.6 (2.5-2.8) 2.7 (2.4-3.0) 2.7 (2.4-2.9) 3.9 (3.3-4.6)

RR (95% CI) adjusted with age (continuous), gender, joint, Charlson Comorbidity Index, BMI (continuous), laterality (unilateral vs bilateral), and use of

antidepressant 1 year before surgery

**Acetaminophen, NSAID, opioid

***Modified Charlson Comorbidity Index

****Coronary artery disease, heart failure, chronic arrhythmia
****¥*Alzheimer’s or Parkinson’s disease

#####Jse of any analgesic drug (acetaminophen, NSAID, and/or opioid) preoperatively

3.0]). Cardiac disease, however, was associated with
lower RR, for using NSAIDs (RR, 0.77 [0.65-0.91])
(Table 2). Neurodegenerative disease was associated with
higher RR, for using acetaminophen (RR, 1.4 [1.1-1.9]).

Other clinical factors

A higher proportion of knee patients than hip replace-
ment patients used any analgesic drug 9-12 months
postoperatively (28.8% vs 23.0%, p <0.001) and differ-
ences in the use of any analgesic drugs, acetaminophen,
NSAIDs, and opioids remained the same after adjust-
ments (Table 2, Additional file 1). Patients who had

redeemed any analgesic drugs preoperatively also
redeemed them more often postoperatively (40.6% vs
15.2%, p < 0.001) and similar results were seen in the ad-
justed model (Table 2, Additional file 1).

Joint-specific issues

Patients receiving bilateral hip or knee replacements
tended to wuse fewer analgesics postoperatively
(Additional file 1). However, in the adjusted analyses,
statistically significant differences were only observed for
acetaminophen both after hip and knee replacement and
opioids after knee replacement (Table 3). A higher
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Fig. 2 The proportions of patients with any analgesic drugs in 3 months intervals according to BMI. Legend: Time periods used in the adjusted
analyses are marked with * (preoperative) and ** (postoperative)

Table 3 Multivariable adjusted risk ratios (RR,) for analgesic consumption according to clinical factors

Preoperative (0-3 months)

Any analgesic**

Postoperative (9-12 months)

Any analgesic**

Acetaminophen

NSAID

Opioid

Hip replacement
Laterality:bilateral
Harris Hip Score***
Poor (< 70)
Fair (70-80)
Good or excellent (> 80)
Knee replacement
Laterality:bilateral
UKA (vs TKA)
KSS Knee Score***
Poor (< 60)
Fair (60-70)
Good or excellent (> 70)
KSS Function Score***
Poor (< 60)
Fair (60-70)

Good or excellent (> 70)

1.1 (0.999-1.2)

1
0.77 (0.63-0.94)
0.49 (0.30-0.82)

1.1 (1.02-1.2)
0.72 (0.61-0.84)

1
0.81 (0.71-0.92)
0.78 (0.64-0.95)

1
0.94 (0.84-1.1)
0.90 (0.82-0.99)

0.82 (0.64-1.04)

1
0.78 (0.54-1.1)
0.60 (0.28-1.3)

0.86 (0.77-0.96)
0.83 (0.69-1.002)

1
0.94 (0.82-1.1)
0.88 (0.70-1.1)

1
1.03 (0.90-1.2)
0.89 (0.80-1.00)

0.34 (0.17-0.68)

1
065 (0.29-14)
1.36 (0.05-2.5)

0.77 (0.62-0.96)
0.45 (0.28-0.72)

1
0.83 (0.62-1.1)
081 (0.52-1.3)

1
1.3 (1.02-1.7)
0.95 (0.75-1.2)

1.02 (0.77-1.3)

1
091 (061-1.3)
0.72 (0.31-1.7)

091 (0.78-1.1)
0.99 (0.79-1.2)

1
1.03 (0.86-1.2)
0.94 (0.70-1.3)

1
0.90 (0.73-1.1)
0.97 (0.83-1.1)

067 (0.38-1.2)

1
058 (0.22-1.6)

0.56 (0.42-0.76)
0.52 (0.32-0.85)

1
0.73 (0.50-1.05)
0.82 (049-14)

1
091 (0.65-1.3)
0.73 (0.55-0.97)

RR (95% CI) adjusted with age (continuous), gender, Charlson Comorbidity Index, BMI (continuous), laterality (unilateral vs bilateral), and use of antidepressant 1

year before surgery

**Acetaminophen, NSAID, opioid

***Preoperative HHS missing on 2138 (34.3%) patients and KSS Knee Score on 2617 (34.9%) patients and KSS Function Score on 2645 (35.3%) patients
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proportion of total knee replacement patients than uni-
compartmental knee replacement patients used any an-
algesic drugs (29.1% vs 23.5%, p = 0.007) (Additional file
1). In the adjusted model, patients with unicompartmen-
tal knee replacement had lower RR, for the use of acet-
aminophen (RR, 0.45 [0.28-0.72]) and opioids (0.52
[0.32-0.85]) after surgery (Table 3). Both before hip and
knee replacement, a better preoperative situation, as
measured with the Harris Hip Score and Knee Society
Score, respectively, was associated with lower preopera-
tive user rate of any analgesics (Table 3). However, pre-
operative clinical state, based on HHS/KSS, had no
statistically significant association with postoperative
overall analgesic use (Table 3), although “fair” KSS Func-
tion score was associated with lower RR, for the use of
acetaminophen and “good or excellent” score with lower
RR, for use of opioids.

Discussion

This large study of an unselected osteoarthritis popula-
tion undergoing hip or knee replacement found that
higher age, female gender, obesity, number of comorbid-
ities (according to the modified Charlson Comorbidity
Index score), preoperative use of analgesics, and unilat-
eral knee replacement (compared to simultaneous bilat-
eral procedure) were associated with a higher probability
of using analgesic drugs 1 year after surgery, whereas in-
dividual comorbid conditions had little or no effect. The
associations related to obesity, gender, operated joint,
and preoperative use of analgesics were similar for dif-
ferent types of analgesic agents whereas the associations
with different comorbid conditions were more mixed.
Moreover, the results suggest that NSAIDs are avoided
in patients with multimorbidity, especially cardiac dis-
ease, and in older patients, which is supported by
current guidelines [29]. The present study expands on
the earlier literature by analyzing the impact of several
comorbidities and clinical factors on the postoperative
consumption of all analgesic drugs and by including not
only NSAIDs and opioids, but also acetaminophen.

Our main finding is that obesity was associated with a
higher risk ratio for the consumption of all the studied
analgesic drugs both pre- and postoperatively. Previ-
ously, a higher BMI has been shown to predict NSAID
use after THA and TKA [18-20] and opioid use after
TKA [14, 19]. Our study shows that obesity predicts the
use of all analgesic drugs (acetaminophen, NSAIDs, and
opioids) after hip or knee replacement. Similar to the
findings of earlier studies [18-20], drug use was more
frequent especially when patient BMI exceeded 35 kg/
m?. Obese patients report more pain after joint replace-
ment [7, 18], which is one possible explanation for this
finding. Obesity has also been associated with analgesic
use in the general population [30, 31].
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The number of comorbidities measured with CCI
score predicted the use of acetaminophen and opioids,
but not NSAIDs. Earlier, Hansen et al. [13] reported an
association between higher CCI score and chronic opi-
oid use after TKA. We were, however, unable to provide
a good explanation for this finding. A history of malig-
nancy, a component of the CCI with a score of 2, could
be one possible explanation, but a CCI score of 1 also
predicted analgesics use, and the results considering CCI
in the logistic regression were identical, even when pa-
tients with a history of malignancy were excluded. Add-
itionally, a history of malignancy was not independently
associated with analgesic use.

Out of the separate comorbidities, patients with neuro-
degenerative disorders used acetaminophen (but not
NSAIDs or opioids) more often. This may be related to
the adverse events of opioids and NSAIDs in long-term
use in the elderly [22-24, 32, 33]. As expected, patients
with cardiac disease used fewer NSAIDs than other pa-
tients [23, 24]. Patients with epilepsy use more opioids
in the general population [34], possibly due to a higher
prevalence of painful conditions, and we found a similar
finding in joint replacement recipients. Interestingly, al-
though diabetes is associated with persistent postopera-
tive pain [7], the disease was not associated with
analgesic consumption, especially when their higher
BMIs were taken into account [7]. Earlier, controversial
results have been reported. Namba et al. [14] reported
an association with diabetes and increased use of opioids
after knee replacement (OR 1.03 [95% CI 1.01-1.05]),
whereas in two other studies [9, 15], no differences were
found after knee or hip replacement regarding diabetes.
These differences may be explained by over twofold
higher prevalence of diabetes in the study by Namba
et al. than in the other two and the present study.

Patients who underwent knee surgery used acetamino-
phen, NSAIDs, and opioids more often than patients
who underwent hip surgery [12, 15, 20]. Patients with
simultaneous bilateral knee surgery used more analgesics
preoperatively (compared to unilateral operation) but
used fewer opioids and acetaminophen postoperatively.
These findings may reflect patient selection bias as those
patients with previous opioid use or signs of a history of
pain sensitization are not candidates for simultaneous
bilateral knee arthroplasty. It is not known whether a
simultaneous or staged bilateral operation should be
preferred in bilateral osteoarthritis [35], and a compari-
son of these procedures was not possible in the present
study due to the chosen exclusion criteria (another joint
replacement 2 years before or after index surgery; there-
fore, patients with staged bilateral operations were ex-
cluded). Similar to the findings of earlier studies [9, 21],
UKA (compared to TKA) was associated with lower RR,
for the use of opioids and acetaminophen. Interestingly,
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preoperative clinical state, based on HHS/KSS, was not
associated with postoperative overall analgesic use al-
though better KSS Function score was associated with
lower RR, for the use of acetaminophen and opioids.

Preoperative pain has been associated with postopera-
tive analgesic use [9], and although it is a component of
KSS Knee Score and HHS, these were not associated
with postoperative analgesic use. Preoperative pain was
not possible to analyze separately in this study.

In line with earlier studies [12, 14, 15, 21, 26], pre-
operative analgesic use was associated with greater post-
operative opioid use. In this study, we also found a
similar association with the use of acetaminophen and
NSAIDs. Furthermore, opioid consumption was greater
in patients with higher CCI score, epilepsy, obesity (BMI
> 35 kg/m?), knee vs hip surgery, unilateral knee replace-
ment vs bilateral operation, TKA vs UKA, and those
who used analgesics preoperatively. Previously, increased
opioid consumption after hip and knee replacement has
been associated with TKA vs THA, preoperative opioid
or other analgesic use, psychiatric disorders (especially
depression/anxiety), tobacco wuse, cardiac disease,
younger age, greater affected joint pain, other pain sites,
TKA vs UKA, use of walking aids, and female gender [9,
12-15, 17-19, 21, 26]. In addition, obesity and the num-
ber of comorbidities (based on CCI score) have been as-
sociated with increased opioid use after knee
replacement [14, 19]. The new findings in this study
were that obesity, epilepsy, and overall comorbidity
(based on modified CCI score) were associated with
greater opioid use after both hip and knee replacement.

To the best of our knowledge, factors associated with
postoperative consumption of acetaminophen have not
been analyzed in previous literature. In this study, its use
was in general mostly associated with the same factors
as the overall analgesic use. This is expected as acet-
aminophen has been considered the basis of pain man-
agement [36] and it was the most common analgesic
also in this study. Increased use in patients with higher
age, number of comorbidities, and those with neurode-
generative disease is likely explained by avoidance of
NSAID and opioid use in these patient groups.

The main strength of our study is the inclusion of all
analgesic drug groups (acetaminophen, NSAID, opioid)
in a large sample of unselected joint replacement pa-
tients. We included only primary joint replacements and
only osteoarthritis as an indication for surgery. Other in-
dications were excluded because, for example, patients
with rheumatoid arthritis tend to have polyarticular in-
volvement more often, which serves to hamper the ana-
lysis of the use of analgesic drugs. Patients with revision
or other joint replacement during the follow-up period
were excluded because the perioperative peak in the
consumption of analgesic drugs related to the latter
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operation would have been a potentially confounding
factor considering the analysis of postoperative analgesic
use after index surgery. According to our previous ana-
lysis [27], 9-12 months after surgery appears to be a
suitable time point for analyzing the level of postopera-
tive analgesic use. Because the use patterns are similar
after hip and knee replacement and also among different
comorbid conditions, the materials could be analyzed as
a whole to increase statistical power. All operations were
performed in a single orthopedic hospital with standard-
ized perioperative care, anesthesia, and analgesia. Medi-
cation data include all the prescribed medications that
were dispensed in Finland. The presence of comorbidi-
ties was based on a nationwide Reimbursement Register
that covers the most important comorbidities, although
a clear limitation is that the register does not cover men-
tal health problems other than psychotic disorders.
However, we included the use of antidepressants in the
adjusted model, along with several other possible
confounders.

The limitations of the study include the lack of infor-
mation on OTC drugs and the fact that in a register
study based on redeemed prescriptions, it is not possible
to find out the indication for the analgesic drug (index
joint or other pain sites) nor whether the patient has
taken the drug or not. For these reasons, the actual use
of acetaminophen and NSAIDs (that are available OTC)
might be higher than reported here, but it is unlikely
that this would have affected the use patterns or associ-
ated factors. In the general population, higher analgesic
use has been found on women, elderly, smokers, obese,
and patients with chronic diseases or with several medi-
cations [30, 31, 37], which should be noted in the inter-
pretation of the results since indication for the analgesic
is not known. Although patients with major complica-
tions leading to revision were excluded, we were not able
to analyze all postoperative complications. Moreover,
preoperative pain, the intensity of pain, and the preva-
lence of persistent pain were not examined in this study.

Conclusions

In conclusion, this study adds to the earlier literature
that female gender, obesity, number of comorbidities
(according to the modified Charlson Comorbidity Index
score), preoperative use of analgesics, and unilateral
knee replacement (compared to simultaneous bilateral
procedure) were associated with the probability of using
analgesic drugs 1year after joint replacement. On the
other hand, single comorbidities, such as diabetes, and
preoperative clinical state were not associated with over-
all analgesic use. The strongest predictors of increased
postoperative use of analgesics were obesity (especially
BMI > 35 kg/m?) and the preoperative use of analgesics.
These results were essentially similar for all types of
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analgesics including acetaminophen which seemed to re-
place NSAIDs in older patients and in patients with
multimorbidity. It is remarkable that older age and
higher number of comorbidities predicted analgesic use
despite these patients also being the most vulnerable to
adverse drug events. Clinicians should therefore inform
patients with obesity (especially BMI > 35 kg/m?) about
the elevated risk for prolonged use of analgesics (includ-
ing opioids) after surgery.
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