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B Adverse knee pain occurs in 10-34% of all total knee
replacements (TKR), and 20% of TKR patients experience
more pain post-operatively than pre-operatively. Knee
pain is amongst the top five reasons for knee replacement
revision in the United Kingdom. The number of TKRs is
predicted to continue increasing due to the ageing popu-
lation.

B A narrative literature review was performed on the differ-
ent causes of pain following TKR. A database search on
Scopus, PubMed, and Google Scholar was conducted to
look for articles related to TKR, pain, and cause. Articles
were selected based on relevance, publication date, qual-
ity of research and validation. Relevant sections were
added to the review.

B One hundred and fourteen articles were identified and
potential causes of TKR pain included: arthrofibrosis,
aseptic loosening, avascular necrosis, central sensitization,
component malpositioning, infection, instability, nerve
damage, overstuffing, patellar maltracking, polyethylene
wear, psychological factors and unresurfaced patella.

B |t is important to tailor our approach to address the indi-
vidual causes of pain. Certain controllable risk factors can
be managed pre-operatively to minimize post-operative
pain. Risk factors help to predict adverse pain outcomes
and identify specific causes.

B There are multiple causes of pain following TKR. Some fac-
tors will require further extensive studies, and as pain is a
commonly attributed reason for TKR revision, its underly-
ing aetiologies should be explored. Understanding these
factors helps to develop effective methods for diagnosis,
prevention and management of TKR pain, which help to
improve patient outcomes.
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Introduction

Total knee replacement (TKR) is a cost-effective surgical
procedure.” According to the national joint registry,?
274,495 total knee replacements were performed in Eng-
land, Wales, Northern Ireland and the Isle of Man in 2016—
2018. The majority of TKR in 2018 were cemented,
unconstrained fixed TKR (60.8%); followed by cemented,
posterior-stabilized fixed TKR (19.8%). By 2030, TKR
demand is predicted to increase six-fold from its demand
in 2005 in line with the increasingly ageing population.3

The most common indication for TKR is osteoarthritis
(OA)."In 2018, 96.2% of primary knee replacements were
conducted solely due to osteoarthritis.2 TKR helps to
improve quality of life and function in end-stage, sympto-
matic osteoarthritis patients.*” However, 10-34% of TKR
patients receive adverse pain outcomes between three
months and five years following surgery and around 20%
of TKR patients experience more knee pain and swelling
than before surgery.8-1° Despite advancements in surgical
techniques, prostheses, pain control, and medical care,
there is evidence to suggest worsening pain and func-
tional scores of some patients over time following TKR
surgery. '

In 2018, 6,357 revision knee joint operations were con-
ducted compared to 4,417 revisions in 2008 in England,
Wales, Northern Ireland and the Isle of Man. The most
common causes for knee replacement revision in 2018 in
descending order are aseptic loosening/lysis, infection,
pain, progressive arthritis, and instability; knee pain con-
tinues to be one of the top five reasons for revision
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Fig. 1 Flowchart showing how articles were selected and reviewed.

surgery.? A retrospective study by Erivan R et al'? showed
that in patients with unexplained chronic knee pain fol-
lowing TKR, 4.5% of cases were caused by infection, 2.7%
were due to instability without real dislocation, 1.8% were
due to placement error from rotational problems, 22.3%
were due to loosening in tibia and femoral components,
8.0% were due to polyethylene wear, 33.9% were due to
periarticular involvement with quadricep deficiency, ilioti-
bial tendinitis, pes bursitis, stiffness or prepatellar bursitis,
18.8% were due to projected pain, 2.7% were due to
complex regional pain syndrome and 6.3% had no
explaining diagnosis. Following the report by Preston
et al’? on the aetiologies of pain following TKR, newer evi-
dence has surfaced to explain the process of pain develop-
ment following TKR. This review aims to examine the

causes of pain following TKR, assessing previous research
in light of new evidence.

Materials and methods

A literature review on the causes of pain following total
knee replacements was performed based on research
papers published up to 1 April 2020. A database search on
Scopus, PubMed and Google Scholar was conducted to
look for articles in English with the search terms “total
knee replacement”, “pain”, and “cause”. The initial search
yielded over 1,000 articles. One hundred and fourteen rel-
evant articles were ultimately selected based on relevance,
recentness, quality of research and citations. Fig. 1 sum-
marizes the methods of research.
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Arthrofibrosis

Arthrofibrosis is the excessive production of collagen and
adhesions which contributes to pain and restrictive joint
motion.™ Of TKR patients, 3—10% develop arthrofibrosis
after TKR and report pain with activities from < 30% for
light manual work to 78% for jumping and pivoting.'5-18
Pathological development of fibrosis can also be seen in
multiple organs following wound healing by fibro-
blasts.’-2! TGF-B1 is an important mediator causing fibro-
sis in multiple organs, and this has also been increased in
arthrofibrosis.?? TGF-B1 has been known to increase expres-
sion of a-smooth muscle actin (a-SMA) which causes the
activation of fibroblasts as well as other fibrotic associated
proteins, e.g. collagen I/lll, fibronectin.?3 With increased
fibrotic gene expression in fibroblasts caused by TGF-B1,
they can also modulate their behaviours to changes in the
microenvironment.??

Following TKR, receptors TLR3, TLR4, IL1-R1 are expressed
in the infrapatellar fat and synovial membrane, where the
strongest expression is by IL-1R1 and this is induced to pro-
duce an inflammatory process in response to IL-1o. and
IL-1B.23 Pain in a knee with arthrofibrosis can also be caused
by femoropatellar jointimpairment from increased pressure
from peripatellar scar tissues. This in turn leads to joint over-
load and structural changes, e.g. cartilage destruction.?* Of
patients with arthrofibrosis, 79% also develop osteoarthritis
5.7 years following surgery, which can lead to a painful
joint.2> Pain in arthrofibrosis can also be attributed to reflex
sympathetic dystrophy which is a spontaneous regional
pain that happens in 15.2% of patients.?*

Fibrous adhesions (abnormal tissue connections) are
also correlated to intermittent pain, inflammation, loss of
function and progressive joint degeneration.?62” There has
been evidence to show fibroblasts under inflammation
cause monocyte recruitment through the production of the
C-C motif chemokine ligand 2 (CCL2) and that levels of
CCL2 are associated with reported pain. CCL2 expression
(dependant on NFkB) is also stimulated by IL-1o. which
might explain persistent fibrosis that causes inflammation
in response to IL-Ta. immune triggers. Sensory neurones
contain C-C chemokine receptor type 2 (CCR2) and this
engages with CCL2 to cause excitation of the nociceptive
neurones that can lead to pain sensation.?®-3! Following
TKR, three anatomical parts of the knee have been found to
express increased proinflammatory states. These are the
infrapatellar fat pad, synovial membrane, and synovial
fluid. Other inflammatory markers are increased in all these
sites where IL-8 is the most induced.3?

Instability

Thirty-two per cent of patients reported knee instability
with activity limitation and pain six months following
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TKR.33 A study by Leichtenberg et al3* showed that 76%
and 21% of patients reported instability before and at one
year following TKR, respectively. Patients who retained
instability also reported significantly more pain, poorer
quality of life and increased activity limitation. Results
show that 25% of patients with pre-operative instability
retain the instability one year after TKR. This correlation
between instability and knee pain has also been sup-
ported by other previous studies.33:35-37

Flexion instability occurs when there is an imbalance of
flexion and extension, leading to hemarthrosis, swelling,
knee pain and giving way.3® Flexion instability can be
caused by tissue insufficiencies such as ligament injury or
implant failure.3 Excessive release of the medial ligament,
inadequate distal femoral resection, excessive tibial slope,
internal rotation of components and an undersized femo-
ral component can also lead to flexion instability.33-41 A
study by Lewallen et al*2 showed increased extracellular
matrix (ECM) remodelling gene expression in TKR patients
with flexion instability and also suggested a correlation
between ECM degradation and exposure of oxidative
stress during tissue remodelling and inflammation.

A retrospective study by Sharma“*? defined mid-flexion
instability as the restraint of the posterior knee capsule.
The main contributors include the excessive release of the
medial collateral ligament (a stabilizer between 30-60
degrees of motion) anteriorly, and malpositioning of the
implant to epicondyles that causes malfunctioning of the
tibial post-femoral geometry.

In a systematic review by Rouquette et al** exploring
the causes of tibiofemoral dislocation (a rare but serious
form of instability) after TKR, key factors for tibiofemoral
dislocation included comorbidities such as obesity and
pre-operative deformity, and intra-operative iatrogenic
destabilization. Higher rates of dislocation recurrence
were associated with non-operative management such as
splints.

A study by Slane et al*> demonstrated an increase in
patellar tendon buckling in post-TKR patients compared
to the control. These patients also exhibited larger buck-
ling angle, magnitude, and amplitude. Lower distal buck-
ling angles are also correlated with better Knee Society
Scores. Buckling happens when the tendon ruffles back
on itself when extended or moved passively, and many
factors can contribute to this including patella position-
ing, infrapatellar fat pad resection (increasing joint space
for buckling), alteration in patellar tracking following TKR
and trauma from surgery. Greater increase in tendon
buckling is known to increase knee instability and reduce
the ability to reach full extension.46-#8 Factors to consider
are that patients with OA might already have differences
in patellar tendon buckling as OA leads to weakness in the
quadriceps due to the anatomical function of the patellar
tendon as part of a muscle unit.454°
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Component malpositioning

TKR consists of the femoral and tibial components within
the knee (a hinge joint). These articulate with each other
and between the patellar and femoral surfaces within the
patellofemoral joint. The femoral component articulates
with the total polyethylene tibial component, tibial base
plate and the polyethylene surface which allows flexion
and extension with a slight lateral/medial motion.3¢

The causes of post-TKR pain can be attributed to modi-
fied kinematics, alteration of ligament tensions and
increased retro patellar pressure which commonly leads
to anterior knee pain.>’->* Poor component positioning
affects the kinematic part of the knee, which also increases
the risk of instability and the chance of polyethylene
wear.>5-57 Component positions also influence ligament
tension in in vitro studies.8>°

Some clinical observation studies have shown that the
internal rotation of the femoral implant component may
contribute to patellofemoral pain syndrome.6-62 While
internal rotation increases the stress that contributes to
anterior knee pain, external rotation of the trochlear
groove and femoral component reduces the retro patellar
tension and therefore decreases pain.53

A study by Fottner et al®* has found that, using com-
puter simulation, malpositioning of the tibial baseplate
component mostly affects ligament tension (posterior
cruciate and collateral ligaments) which influences the
tibia and femur kinematics and their contact forces. This
has its effect on poorer clinical outcomes following sur-
gery, including pain, higher rate of early loosening, insta-
bility and reduced range of motion. Regarding kinematics,
the greatest changes were observed in tibiofemoral rota-
tion. Tibiofemoral rollback was also influenced by transla-
tion medially and laterally, with medialization having the
greatest effect. A study by Nicoll et al®> showed that inter-
nal rotation errors of the tibial implant are associated with
medial and anterior knee pain and suggested that the
location happens either at the central part of the tibial
tubercle or talus.

Aseptic loosening

According to studies by Dalury et al and Schroer et al,66:67
aseptic loosening is one of the leading causes for revision
after TKR. It affects patients up to 20 years after surgery. It
is, however, one of the least understood TKR failure mech-
anisms. Various factors can lead to aseptic loosening.
These include instability, component malpositioning, and
osteolysis secondary to polyethylene wear. Osteolysis
involves the generation of debris from polyethylene wear
and metal and cement particles which generate an immu-
nological response upon access to the bone—implant
interface. Loose locking mechanisms, backside wear and

micromotion increase modularity and therefore increase
wear particle generation.

Other studies from Crotti et al and Gehrke et al¢8¢?
explained the immunological response is commenced by
macrophages that phagocytose any small wear particles
< 5 um in diameter, and this induces the release of inter-
leukin-TR (IL-1R) and tumour necrosis factor-o.. These
stimulate the recruitment and activation of osteoclasts via
the RANK-L pathway and thus osteolysis occurs adjacent
to the bone—implant interfaces. This may be followed by
prosthesis micromotion and further debris particle dis-
semination. It is unclear whether these biological pro-
cesses are solely responsible for the loosening of the joint.

Osteolysis is more common in the tibial compartment
due to its relation to the polyethylene insert, gravity and
the use of screws for fixation which facilitate wear particle
migration into the bone.” The access of the bone particles
to the bone—implant surface is more frequent on, but not
restricted to, cementless components. According to a
study by Goodman,”! the wear rate of polyethylene is
affected by multiple factors including manufacturing and
sterilization methods, backside wear, alignment and sta-
bility of the TKR and patient activity level. Malalignment
results in asymmetric loading and early loosening and is
more common with varus formations.

A study by Math et al”? suggested aseptic loosening is
usually painless in the early stages of the disease, but
activity-related pain localized to the tissues surrounding
the loose components may develop, particularly on
weight-bearing. Tibial osteolysis is readily visible on
anteroposterior (AP) radiographs with a radiolucent area
around the implant or cement, varus or valgus subsidence
of the tibial component, cement fragmentation and pro-
gressive widening of the cement—bone or bone—prosthesis
interface.

Patellar maltracking

Patellar maltracking is the disproportional relationship in
the trochlea and the patella which is associated with an
abnormal anatomical change.” The patellofemoral joint is
high in complexity and involves the multidirectional
(mostly cranial and caudal) articulations between the
patellar and the femoral groove. It also consists of the
muscles and ligaments which act on the patella for stabil-
ity and tracking.>° The patella does not remain in the fem-
oral groove during knee movement, which results in pain.
Chronic maltracking causes pain by contributing to patel-
lofemoral cartilage damage and OA.”* A study by Man-
ghwani et al’”> showed that anterior knee pain was
significantly lower when there is a 100% contact between
the femoral trochlea of the implant and the patella, sug-
gesting that contact is an important factor in determining
pain levels post-TKR.
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Patellar maltracking can be caused by different risk fac-
tors: the surgical approach, implant or the patient. Factors
related to patients are pre-operative patellar subluxation
and valgus deformity which can cause the release of the
lateral retinacula in the implant.”76

Patellar maltracking can also be due to the lack of soft
tissue balancing or malpositioning of different compo-
nents. A dynamic valgus deformity from tibial and femoral
internal rotation can be exacerbated by weak hip abduc-
tors causing more internal rotation of the femur.”” A cross-
sectional study by Laubach et al’® demonstrated an
association between anterior knee pain and the strength of
the quadriceps muscles, as well as a lower patellar position
and a thinner inlay. There was also a significantly lower tis-
sue elasticity in the patellar and quadriceps tendons in
subjects with anterior knee pain than those without.

In addition, pain normally depends on the size of the
Q-angle, which is the angle formed by a line drawn from
the anterior superior iliac spine to central patella, and a line
drawn from tibial tubercle to central patella. This is nor-
mally 10-15 degrees.”® A large Q-angle due to excessive
internal rotation of the implantation of a tibial tray can dis-
place the tibial tuberosity laterally and pull on the patellar
tendon.80 This in turn causes pain in the knee in addition to
the tightness of the lateral retinaculum.8' Sanchis-Alfonso
et al®2 discovered that there is an increased density of noci-
ceptors in patients with anterior knee pain at the lateral
retinaculum. This could explain why patients with lateral
patellar maltracking suffer more pain after TKR.

Overstuffing

Overstuffing occurs when there is an imbalance of the
implant thickness compared to the femoral and patellar
bone cuts following TKR, which involves a measured
resection technique. It occurs in 80% of patients after
TKR.83 The relationship between overstuffing and pain is
unclear. A study by Marmor et al® showed that overstuff-
ing TKRs is associated with extensive osteophytes and
intra-articular femoral valgus which may suggest an asso-
ciation with excessive joint tension due to implant protru-
sion contributing to knee pain and stiffness. A study by
Kemp et al®> showed that there is no association between
Western Ontario and McMaster Universities Osteoarthritis
Index (WOMAC) and combined patellofemoral overstuff-
ing involving the patella and trochlea. The authors sug-
gest that there is a significant association between knee
pain/functional score and increasing anterior trochlear
offset. However, a study by Beldman et al®¢ found no cor-
relation between overstuffing and anterior knee pain after
TKR and does not suggest any unexplained overstuffed
knee joint revision surgery. An overstuffed patellofemoral
compartment results in higher pressure and reaction
forces in the joint which can contribute to periprosthetic
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fractures. Patellar maltracking has also been linked to
post-operative patellar fractures.8”

Polyethylene wear

Polyethylene wear of the arthroplasty articulating surfaces
is a common mechanism of TKR failure. Gradual surface
wear results in delamination and pitting of the polyethyl-
ene insert. Along with adhesive and abrasive wear, this
results in the release of multiple debris particles. This is
associated with osteolysis and painful synovitis. It most
commonly affects the medial compartment and is dem-
onstrated on radiographs as asymmetric joint space nar-
rowing. Imaging may also aid bone loss monitoring,
identification and pre-operative quantification of osteoly-
sis.8 Wear-related failure is a complex phenomenon, aris-
ing from the inherent tribology of imperfectly congruent
surfaces. Factors include the manufacturing and proper-
ties of polyethylene, implant design, surgical technique,
and patient factors.®® Polyethylene properties, such as
density and the degree of cross-linking, have been investi-
gated in their contribution to wear, and in the generation
wear-resistant highly cross-linked polyethylene.?® Whilst
its introduction in hip arthroplasties has been successful,
long-term clinical data on its efficacy in TKR are lacking.
Implant factors include component design and polyethyl-
ene insert characteristics, e.g. thickness and structure. The
surgical technique determines the implant alignment and
joint axis which affects polyethylene wear. Patient factors
include age, weight and activity level.”!

Unresurfaced patella

Looking at patellar resurfacing rates from a global per-
spective, it appears that the practice varies with geo-
graphic location. Rates of resurfacing are highest in the
United States at 82% and are far lower internationally,
with Norway displaying the lowest rates at 4%. Fraser and
Spangehl®? speculate that the reason for this variation
hinges not solely on surgeons’ consideration for post-TKR
anterior knee pain limitation, but rather on a multitude of
factors such as past training methods, individual hospital
protocols and personal preferences.

Currently, the literature is split when comparing which
practice, patellar resurfacing or unresurfacing, limits post-
TKR anterior knee pain the most. Several studies show evi-
dence for and against the practice of patellar resurfacing
by comparing rates of post-TKR anterior knee pain: some
report that the resurfaced patella confers lower post-
operative anterior knee pain rates,?3-¢ yet others find no
difference.?397.98 Two meta-analyses of 749 and 3,034
TKRs, the latter of which compiled the quantitative find-
ings of 16 randomized controlled trials, found no evi-
dence of a difference between post-operative anterior
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Table 1. A summary of the causes of pain identified in this review

Causes of pain following total knee replacement identified

Arthrofibrosis
Aseptic loosening
Avascular necrosis
Central sensitization
Component malpositioning
Infection

Instability

Nerve damage
Overstuffing

Patellar maltracking
Polyethylene wear
Psychological factors
Unresurfaced patella

knee pain rates when comparing resurfaced and unresur-
faced patellae.®” In contrast, another meta-analysis of
1,223 cases found that resurfaced patellae conferred a
13.8% absolute risk reduction in post-operative anterior
knee pain.?¢ Overall, no one practice appears immediately
favourable over the other.

Several authors have identified reasons patellar resur-
facing may pose a risk to the structural integrity of the
knee joint and therefore contribute to pain post-opera-
tively. The practice, they argue, carries the underlying
risks of patella fracture, patellar tendon injury, joint infec-
tion and instability, avascular necrosis, polyethylene wear
of the patellar component, aseptic loosening and over-
stuffing.92-%4 These factors can be considered throughout
the TKR management pathway.

Infection

Pain is often associated with infections. The pain is thought
to be secondary to inflammation and infection. The release
of inflammatory cytokines during an infection contributes
to the initiation and persistence of pain.?® Cytokines that
cause pain primarily include IL-1B.7° In addition, there is
also evidence to suggest direct activation of nociceptor
neurons by pathogens themselves.101

A major cause for prosthetic joint infection is gram-positive
cocci such as Staphylococcus aureus, coagulase-negative
staphylococci species, and, increasingly, Corynebacterium
species.'02-104  Staphylococcus aureus produces pain
through the release of a-hemolysin, which activates noci-
ceptor neurones, while formyl peptide nociceptors are
also stimulated by n-formyl peptides, which are by-prod-
ucts of all bacterial pathogens.03

Risk factors for infective prosthetic joint infection requir-
ing revision include constrained condylar prostheses, use
of posterior-stabilized fixed-bearing prostheses, the require-
ment of a tibial patellofemoral graft, inflammatory arthrop-
athy, previous septic arthritis, surgery for trauma, peripheral
vascular disease, connective tissue and rheumatic diseases,

diabetes, chronic pulmonary disease, high body mass index
(BMI), higher American Society of Anaesthesiologist (ASA)
grade, young age and male gender.19

Other possible factors

A study by Bierke et al'° demonstrated that psychological
factors such as somatization dysfunction and depressive
symptoms can impact on post-TKR pain score, even with
uncomplicated TKR, for up to five years post-operatively.
This is consistent with the results from a review by Bonnin
et al'7 for patients with higher depressive and anxiety
states in uncomplicated TKRs. This suggests that psycho-
logical variables may influence post-TKR pain. Damage to
the saphenous infrapatellar nerve branch following a
standard midline skin incision is common in TKRs and this
causes painful neuroma that reduces the range of motion
of the knee.’98-110 |n a study by Koh et al,’" central sensi-
tization index (a measure of central sensitization for persis-
tent pain and dissatisfaction following total knee
arthroplasty due to the augmentation of the central nerv-
ous system signalling for pain) persists in individuals with
high pre-operative central sensitization index following
TKR compared to those with a lower level. Although with
clinical improvement these patients also showed signifi-
cantly worse pain scores, lower quality of life, functional
disability and a correlation with dissatisfaction.

Discussion

In this review, we have identified supporting information
for TKR pain, though conflicting results from meta-analy-
ses on the practice of unresurfacing patellae and the find-
ings from studies on overstuffing suggest further research
is required. We gathered information on how arthrofibro-
sis causes pain, which can be explained by the cytokine
pathways leading up to an inflammatory response or
structural causes. Pain from instability can be explained by
tissue insufficiency, buckling and other factors in relation
to the implant and the surrounding tissues. Component
malpositioning contributes to pain often due to kinemat-
ics, tensions and pressure which can be explained by the
implant position involving both femoral and tibial compo-
nents and their rotations. Malpositioning can also increase
the risk of instability and polyethylene wear. Polyethylene
wear causes pain via the release of debris particles initiat-
ing osteolysis. This release is affected by implant proper-
ties, patient factors and surgical techniques. Similar to
polyethylene wear, pain from aseptic loosening can be
explained by osteolysis and can initiate an immunological
response. Aseptic loosening is often a result of aforemen-
tioned factors including instability, component malposi-
tion and polyethylene wear, making their relationship
multifactorial and interlinked. In patellar maltracking,
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pain is often due to a lack of tissue balance or component
malpositioning resulting in a poor relationship between
the trochlea and the patella with ensuing cartilage dam-
age and OA. In addition, this review has identified com-
mon pathogens for pain in TKR infections and discussed
the biological explanation for pain. Other causes of post-
TKR pain were explored involving the nervous system and
psychological factors. Table 1 summarizes our findings.

The frequency of TKR surgery has increased over the
past decade and its frequency is predicted to rise in the
future.?3 Although TKR surgery has a high satisfaction rate
of 80—100%,72 10-34% of patients develop adverse pain
as a complication.’ This highlights the importance of
addressing pain expectations and managing pain post-
operatively. It also emphasizes the importance of early
detection and prompt management of the intra-articular
causes of pain to improve patient satisfaction.

Being able to identify risk factors for adverse outcomes
such as those highlighted in this review is important, as this
can be used to predict the likelihood of adverse pain out-
comes and to identify specific causes. Controllable risk fac-
tors, such as BMI,'% can be managed and considered
pre- and post-operatively to minimize complications of pain.

Itis likely that the causes of pain will become more evi-
dentin upcoming years with technological advancements
and a greater understanding of pain aetiology. The con-
sensus is that further studies are required to explore the
different aetiologies of pain alongside the development of
methods for diagnosis, prevention and management of
each specific cause. Healthcare professionals should be
prepared to make tailored changes to patient care as there
is no ‘one size fits all’ solution.

Through developing effective prevention and manage-
ment of post-TKR pain, fewer patients will suffer from pain
or spend time receiving care as follow-ups, reducing both
cost and time. Studies have suggested that insufficient
management of acute TKR pain contributes to chronic
pain, which also highlights the importance of early diag-
nosis and appropriate management following TKR.113,114
In addition, with reduced revision frequency, the risks
patients are exposed to from invasive surgical procedures
are minimized, improving patient outcomes. Resources in
any publicly funded health system such as those in the
United Kingdom and other European countries can there-
fore be redistributed.
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