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From the Editor  

The awareness of the impact of chronic inflammation around 
orthopedic implants in the medical community and the public has 
grown due to the increase in the incidence of hip and knee 
osteoarthritis after World War II, the use of orthopedic implants 
worldwide, types of implant materials, manufacturing methods and 
post-processing techniques, patients’ and providers’ desire for the 
best possible and longest-lasting outcomes after implant surgery, and 
use of digital media technology to rapidly and widely disseminate the 
issues involving implant surgery.

Many different materials are used in orthopaedic implants: metal alloys, 
metal coatings, polymers, ceramics, 3D printed titanium alloy, bone 
inductive materials, and anti-bacterial agents. It is no surprise that the 
continuous release of an implant derived material causes peri-
prosthetic chronic inflammation; however, it is of great importance to 
understand the mechanisms of the complex relationship between 
particulate material and host response causing chronic inflammation to 
prevent the occurrence of adverse events.

The expansion of implant science as a field has increased the workload 
for regulators. In Europe, this is particularly difficult because the new 
MDR regulations have already strained the relationship between 
implant manufacturers and regulators. These groups benefit from 
improved outcome assessment of implants because of mature joint 
registries in search of long-term true success and early failure signals. 
However, registries are susceptible to data quality issues for linking 
primary to revision operations, use failure as their only endpoint, and for 
most registries the reason for revision is often poorly understood 
because culture and histopathology results are not known, and closed 
reduction of dislocations are not recorded.

This series of articles provides an update on the state-of-the-art in the 
fields of chronic inflammation, the human inflammatory reaction to 
implant-derived material, and the terminology and definitions used to 
describe peri-implant inflammation on bone and soft tissues.

Dr. Ina Lackner reviews and explains the latest implant science on the 
human mechanical and biological and worn bearings. The unraveling 
of the biological response to polyethylene is a long and fascinating 
story. The loosening of cemented femoral stems in the 1970s was 
wrongly attributed to “cement disease” rather than polyethylene-
particle- induced inflammation. However, this helped advance 
uncemented implant technology. In the 1990s, the use of metal-on-
metal (MoM) bearings was based on the need to avoid polyethylene 
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induced osteolysis. However, this resulted in adverse 
reaction to metal debris which incorporates both soft 
tissue and bone inflammation and sometimes greater 
osteolysis than produced by polyethylene. In the 
2000s there were many articles on the problem of 
taper junction corrosion of large diameter MoM hips 
which led to their prohibition in 2012. This was 
followed in the 2010s with tribocorrosion problems 
with dual modular neck THA implants with CoCrMo 
neck and Ti alloy femoral stems.

Prof. Catherine van der Straeten explains how our 
understanding of the risk factors involved in chronic 
inflammation were accelerated by the COVID-19 
pandemic because morbidity and mortality was 
driven by the host response to the virus through 
cytokine release. We now better understand how 
chronic inflammation affects the musculoskeletal 
system, its role in joint inflammation and 
osteoarthritis, and risk factors for inflammation in 
general, including peri-implant inflammation.

For example, we now understand that adipose tissue 
acts as an endocrine organ with a source of cytokines 
such as adipokines that can increase inflammation 
anywhere in the body, including synovial joints. This 
may explain why synovial inflammation is often found 
in the early stages of osteoarthritis, challenging the 
long-held belief that the cartilage degradation 
precedes joint inflammation.

Adding to this rich discussion, I present three case 
reports focusing on adverse reactíons in hip 
replacements involving different material pairings: 
metal-on-metal (MoM), metal-on-polyethylene 
(MoP), and ceramic-on-ceramic (CoC). These cases 
illustrate the diagnostic complexities and highlight 
the necessity for accurate assessment and 
management of adverse reactions. The third case, 
involving ceramic-on-ceramic implants, particularly 
emphasizes the importance of differential diagnosis 
in cases initially suspected of ARMD but ultimately 
attributed to other causes. Each case contributes to 
our understanding of adverse reaction, reinforcing the 

importance of precise definitions and thorough 
clinical evaluations. The terms pseudotumour, ALTR, 
and metallosis often overlap in clinical presentations, 
making clear and accurate communication essential 
for managing patient expectations and treatment 
outcomes.

Through these insights, we aim to enhance the 
orthopedic community’s understanding of implant-
related reactions, fostering better patient outcomes 
through improved knowledge and collaborative 
regulatory practices.

Happy Reading!

Alister Hart 
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Inflammation is a natural whole-body response 
triggered by the immune system, which in turn can 
be generally divided into the innate and the adapted 
or acquired immune system. Both the innate and the 
adaptive immune system consist of different cell 
types, molecular signaling pathways, and cascades, 
all of which play specific roles during the immune 
response. 

The innate immune system is a rudimentary first line 
of defense, responsible for initiating the 
inflammatory response. 

The adaptive immune system is more highly 
evolved. Designed to learn and create memory as the 
organism is exposed to antigens throughout its life.1

The immune system performs multiple essential 
tasks. It is a defense mechanism to recognize, fight, 
and eliminate pathogens and foreign material from 
the body. The immune response is crucial for the 
initiation of wound and fracture healing, tissue 
repair- and reconstitution, and the re-establishment 
of tissue homeostasis after injury.2-4 

In general, the inflammatory response can be divided 
into three phases: 

• acute, 
• subacute, 
• and chronic inflammation. 

These phases differ in their cellular content and 
inflammatory signaling pathways as well as in their 
duration. Acute inflammation is triggered 
immediately by a stimulus and usually lasts only a 
few days. 

Chronic inflammation can last months or even years 
when the acute inflammatory response is not 
resolved. The subacute phase describes a 
transitional period from acute to chronic 
inflammation and typically lasts several weeks.5,6

The acute inflammatory response: 
A quick, strong, and efficient process to re-establish 
tissue homeostasis after injury

Acute inflammation is triggered by the innate 
immune system. In case of tissue injury, it maintains 
tissue integrity and aids in the reconstitution of the 
tissue’s structural and physiological form and 
function. The acute inflammatory response is 
activated immediately after tissue injury and 
clinically characterized by five cardinal signs: 

• heat (calor), 
• redness (rubor), 
• swelling (tumor), 
• pain (dolor), 
• and loss of function (functio laesa)1.

The cardinal signs of inflammation (calor, rubor, 
tumor, and dolor) were first described by the Roman 
writer Aulus Cornelius Celsus, and the fifth sign, 
(functio laesa), was added by the Roman physician 
Galen.7,8

One example is the injury of the skin caused by a 
scratch or stitch (Figure 1).

The tissue injury initiates the release of transmitters 
such as histamine from mast cells, which stimulate 
the dilation of blood vessels. This dilation reduces 
blood flow velocity and increases the movement of 
blood in extremities, resulting in local heat and 
redness due to an enhanced number of red blood 
cells passing.1,9 Furthermore, the dilated blood 
vessels become more permeable, thus increasing 
the passage and accumulation of fluids in the 
surrounding tissues, which is manifested by swelling 
(edema). Release of specific mediators and edema-
induced stretching of sensory nerves increases pain 
sensitivity in tissues containing nerve endings. The 
loss of function refers to either simple loss of 
mobility in a joint due to edema and pain or to the 
replacement of functional tissue with scar tissue.1,9,10

At this point it is important to mention that with 
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tissue injury external (exogenous) pathogens such as 
bacteria, viruses, and other microorganisms can enter 
the site of injury. Intruding pathogens also release 
specific mediators and molecules to activate the 
immune system.11 Once pathogens are involved, it is 
called an infection.12

Immune cells are the main actors during the acute 
inflammatory response following tissue injury. 

With the initiation of the acute inflammatory response 
in the example of a penetrating skin injury, a cellular 
reaction cascade is triggered in the injured tissue, 
with immune cells being the main actors. During 
acute inflammation, various immune cells, cellular 
and molecular signaling pathways, and cascades aim 
to clear the site of tissue injury from damaged cells 
and/or pathogenic or foreign material and to induce 
tissue healing.13,14 

At the site of tissue injury, local resident immune cells 
(so-called tissue macrophages) are activated. 
Macrophages are scavenger cells that play a crucial 
role in the inflammatory response. These cells have 

specific receptors on their surface which help them to 
identify external (exogenous) and internal 
(endogenous) material such as damaged tissue 
particles and cells (DAMPs), pathogens and their 
products (PAMPs), and other foreign material. When 
macrophages identify and recognize exogenous or 
endogenous particles by their specific surface 
receptors (PRRs), they become activated.3,13,15

Once activated, they start to engulf, digest, and 
degrade the particle by a process called 
phagocytosis, efficiently eliminating particles from 
the tissue. Macrophages also present parts of the 
digested particle on their surface to other immune 
cells, thus supporting and accelerating particle 
recognition.1,16 Furthermore, macrophage activation 
results in the release of pro-inflammatory mediators 
(cytokines and chemokines) into the tissue and blood, 
attracting more immune cells to the site of injury. This 
process is called chemotaxis.3,13 

The dilation of blood vessels and their increased 
permeability facilitate the migration of additional 
immune cells into the injured tissue. Circulating 
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Fig. 1: The five cardinal signs of inflammation. The acute inflammatory response is activated immediately after tissue injury. The above figure 

shows tissue injury in an example of a skin injury on the forearm. The clinical symptoms of the acute inflammatory response are pain (dolor), heat 

(calor), redness (rubor), swelling (tumor), and loss of function (functio laesa). 

Figure created with BioRender.com, 2024. 
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neutrophils are attracted to the site of tissue injury, 
efficiently eliminating invading pathogens by the 
release of toxic material and by phagocytosis.13,17

Neutrophils are immune cells that survive only a 
couple of days, which later becomes important to 
the resolution of acute inflammation.13 Once 
damaged tissue, dead cells, pathogens, or foreign 
material are removed from the injured tissue, 
macrophages initiate the resolution of the 
inflammatory response.  

Following the inflammatory phase, anti-
inflammatory mediators and growth factors are 
released to suppress inflammation and initiate the 
proliferative phase.18 During the proliferative phase, 
several tissue repair events, including angiogenesis
(formation of new blood vessels), granulation tissue
(new tissue) formation, and re-epithelialization (re-
establishment of surface layer) are initiated. New 
connective tissue is formed with neovascularization
(new vessel formation), with fibroblasts being the 
key cells accountable for constructing granulation 
tissue to fill in the wound gap.13 Figure 2 shows the 
acute inflammatory response using the example of a 
penetrating skin injury . 

From acute to chronic inflammation:                 
The undesired immune response 

The acute inflammatory response is a highly 
coordinated process, with different immune cells 
and various pro- and anti-inflammatory cascades 
tightly controlled in an equilibrium. Thus, the acute 
inflammatory response is a quick, strong, highly 
efficient process which usually lasts only a few days. 
In some cases, however, the acute inflammation 
does not resolve and progresses from subacute to 
chronic inflammation (Figure 3).5

Chronic inflammation is characterized by 
continuous, unresolved, and uncontrolled activation 
of inflammatory cells and mediators, which differ 
from those of the acute inflammatory response. 
Chronic inflammation is referred as slow, long-term 

inflammation which can last for prolonged periods 
(months to years6). The causes of chronic 
inflammation can vary and are due to (but not limited 
to) failure of eliminating the agent causing the 
inflammation (infectious organisms), to constant 
low-level exposure of a foreign material, to an 
autoimmune disorder, to a defect in cells responsible 
for mediating the inflammatory response, to 

recurrent episodes of acute inflammation and to 
other inflammatory mediators.6

Most features of acute inflammation continue as the 
inflammation becomes chronic such as the dilation 
of blood vessels, increased blood flow, capillary 
(blood vessel) permeability, and migration of 
immune cells into affected tissue.6 However, the 
composition of immune cells changes drastically, 
and short-lived immune cells are replaced by cells 
from the adaptive immune system (macrophages, 
lymphocytes, and plasma cells). Thus, the hallmarks 
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Fig. 3: Phases of inflammation. 

Generally, inflammation can be divided into three phases: acute, sub-

acute and chronic inflammation. After an inflammatory stimulus, the 

acute inflammatory response is immediately activated, a strong 

phase that  usually lasts only a couple of days. If the acute 

inflammatory response does not resolve, it progresses from the sub-

acute to the chronic stage, which can persist for a varying length of 

time. 

Figure created with BioRender.com, 2024.  
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of chronic inflammation are infiltration of immune 
cells into affected tissue, which constantly release 
pro-inflammatory mediators, growth factors, and 
enzymes.6 Despite ongoing attempts at tissue repair, 
the constant and chronic activation and infiltration of 
immune cells lead to tissue damage (necrosis), 
granuloma (aggregate of immune cells) formation, 

and fibrosis (scar formation), eventually resulting in 
damaged or non-functional fibrotic tissue.3,6

Irreversible tissue damage can further fuel 
inflammatory processes, weaken the immune 
system, and potentially predispose the body to other 
disease and infection.2
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Fig. 2: The acute inflammatory response is exemplified by a skin injury. Injury to cutaneous and sub-cutaneous tissue immediately triggers an 

acute inflammatory response. 

Injury: Mast cells (purple cells) in subcutaneous tissue are activated and release transmitters such as histamine (purple dots), stimulating the 

dilation of blood vessels. Also, tissue-resident macrophages (green cells) become activated by particles from injured tissue and damaged cells 

(DAMPs) (pink dots). Activation of macrophages triggers the release of inflammatory cytokines (green dots) into the tissue. Also, the 

macrophages start to engulf the damaged tissue particles.

Inflammation: Inflammatory cytokines and DAMPs attract additional immune cells to the site of tissue injury. Circulating neutrophils (light blue 

cells) migrate into injured tissue and start to remove tissue particles. Circulating monocytes (dark blue cells) also migrate into injured tissue and 

differentiate into macrophages. Neutrophils and macrophages engulf, digest, and remove damaged tissue particles, then release factors 

stimulating tissue healing (dark purple dots). 

Healing: Macrophages release anti-inflammatory mediators (green dots), resulting in the resolution of the tissue inflammation. New blood 

vessels are formed (angiogenesis). Fibroblasts (brown cells) form new connective tissue. This figure is adapted from “The Inflammatory 

Response,” created by Danielle Penk using BioRender.com, 2024. Retrieved from https://app.biorender.com/biorender-templates.
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The body’s immune response to biomaterials and 
medical devices

The ability of a biomaterial to perform its intended 
function in the body depends on many factors, but 
the ultimate determinant of its success or failure is 
the host response.19 The host reaction begins 
immediately after implantation and consists of the 
reaction to the surgically induced tissue injury and to 
the material itself. Usually, the response to surgery-
related tissue injury resolves quickly as part of the 
wound healing process.19 The reaction to the 
material lasts as long as the material is present in 
the body and depends on several factors related to 
either the material or the host.19 Inflammation, 
healing, and foreign body reaction (FBR) are the 
earliest host responses following implantation.20,21

The process of wound healing after total joint 
arthroplasty surgery

Total joint arthroplasty (TJA) is a successful 
technique to replace and preserve the form and 
function of major joints such as hip, knee, and 
shoulder. The majority of today’s orthopedic 
implants have good biocompatibility and 
osseointegration potential and a controlled 
implantation-induced inflammatory response.  
Wound healing is a normal biological process that 
takes place in four precisely programmed phases:

1. Hemostasis, 
2. inflammation, 
3. proliferation, 
4. and remodeling.22

For proper wound healing, all four phases must 
occur in the correct order and time frame. 22 Here, we 
focus particularly on the inflammatory phase during 
wound healing after TJA.

After TJA, surgery-related tissue injury triggers an 
inflammatory response and a sequence of events in 
the surrounding tissue with the aim of wound healing 
and proper reconstitution of tissue at the implant 

site.23 Table 1 lists the sequence of the host events 
following tissue injury in periprosthetic soft- and 
bone tissue. It is important to mention that the 
inflammatory response and wound healing process 
after biomaterial implantation is dependent on the 
tissue- and site of implantation. Therefore, the 
wound healing process and FBR of subcutaneously 
implanted materials can differ from those that take 
place in the periprosthetic soft and bone tissue after 
TJA.20,23,24 In this review we are focusing on the latter. 
The process of periprosthetic soft and bone tissue 
are demonstrated in figure 4 and 5. 

Phases of wound healing in the periprosthetic soft 
tissue

Formation of a provisional matrix: After the 
implantation of a periprosthetic device, blood-
material interactions occur with protein adsorption 
on the biomaterial surface and the development of a 
thrombus-blood clot at the tissue-material interface. 
An injury to the vascularized tissue during the 
implantation procedure immediately activates the 
innate immune system and initiates blood 
coagulation. Complex reaction cascades of blood 
coagulation and the innate immune response result 
in the formation of a thrombus on the implant 
surface. This thrombus is considered a provisional 
matrix, providing structural, biochemical, and cellular 
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components, which are important for the processes 
of wound healing and foreign body reaction. The 
formation of a provisional matrix is usually completed 
within a week, followed by the phases of acute and 
chronic inflammation in a sequential fashion.20,23,25

Acute inflammation: The acute inflammatory phase is 
characterized by the infiltration of short-living 
immune cells and mast cell degranulation. These 
immune cells release pro-inflammatory mediators 
and vasoactive substances, attracting and recruiting 
other immune cells, particularly macrophages to the 
site of injury. The phase is usually completed within a 
week.20

Chronic inflammation and joint capsule healing: The 
phase of chronic inflammation follows the acute 
inflammatory phase. It is important to mention that 
this phase is specific for the tissue wound healing 
process and differs from the clinical definition, 
describing a slow, long-term inflammation which can 
last up to several years. Chronic inflammation during 
periprosthetic wound healing typically lasts two to 
three weeks. This phase is characterized by the 
infiltration of monocytes, which differentiate in the 
tissue into macrophages, and of other white blood 
cells (lymphocytes). The phase of chronic 
inflammation is followed by the formation of 
granulation tissue. Granulation tissue is a specific 
kind of tissue which is the hallmark of healing. It 
derives its name from the pink, soft, granular 
appearance on the surface of healing wounds. This 
tissue is characterized by formation of new small 
blood vessels and by the presence of macrophages 
and fibroblasts, which produce new connective 
tissue. The formation of granulation tissue eventually 
results in healing of the joint capsule.23

Importantly, the persistence of an inflammatory 
response beyond three weeks  may indicate an 
infection, the onset of an abnormal reaction to the 
implant, or a combination. 

Early macrophage response to particles of wear 
debris: This phase is unusual during the wound 
healing process in the joint. The formation of so-
called foreign body giant cells (FBGCs) will be 
addressed later in this review. It is important to 
mention that, during the process of periprosthetic 
wound healing, this cellular reaction only occurs in 
presence of orthopedic cement. The formation of 
FBGCs usually starts later in the presence of wear 
particles from the implant. Nanoparticulate wear 
debris may be present earlier in periprosthetic tissue 
after joint implantation but is difficult to quantify due 
to the limited availability of clinical samples. 

Phases of periprosthetic bone reaction

Generally, peri-implant bone healing is analogous to 
intramembranous bone healing after fracture. It is 
composed of two phases: an early phase (consisting 
of phases 1-4) and a late phase (consisting of phase 
5). The phases of periprosthetic bone healing after 
joint implantation have mostly been investigated in 
experimental but not in clinical  studies.     

Formation of a provisional matrix and acute 
inflammation: Both phases are similar to those 
occurring in periprosthetic soft tissue and last up to 
two weeks. 

Chronic inflammation: Similar to the periprosthetic 
tissue, the phase of chronic inflammation is 
characterized by the presence of monocytes, which 
differentiate into macrophages. Additionally, various 
signaling molecules such as pro-inflammatory 
mediators, growth factors, and angiogenic factors are 
released into the peri-implant space. Thisresults in 
the recruitment, migration, and differentiation of 
mesenchymal stem cells (MSCs), which are 
important for woven (primary) bone formation.26

Woven bone formation: MSCs differentiate either into 
bone-forming cells (osteoblasts), forming immature 
primary (woven) bone or into fibroblasts, forming 
fibrous membrane at the implant surface.27 Two types 
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of bone formation (osteogenesis) occur: a) contact 
osteogenesis directly on the surface of the implant, 
and b) distance osteogenesis from the tissues 
surrounding the implant.28

Late remodeling of bone-implant interface: After 

formation of woven bone, bone remodeling occurs 
through specific bone cells (osteoclasts and 
osteoblasts), gradually transforming the provisional 
woven bone into the lamellar bone. This dynamic 
process occurs for one year or longer and is 
necessary for successful long-term fixation27.
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Fig. 4: Periprosthetic soft tissue reaction after TJA.

After total or partial joint arthroplasty, surgery-related tissue injury triggers an inflammatory response and thus a sequence of events in the 

surrounding tissue with the aim of wound healing and proper reconstitution of tissue at the implant site. Periprosthetic soft tissue healing is 

exemplified in the synovial membrane and the synovial soft tissue of a knee joint. The synovial membrane comprises a lining layer with lining 

macrophage-like synoviocytes (dark blue cells) and lining fibroblast-like synoviocytes (brown cells). The sub-lining layer comprises extracellular 

matrix (yellow scaffold) and telopode-bearing telocytes (mint green cells). The inflammatory status in the synovial membrane before partial or 

total joint arthroplasty surgery is presented in an oversimplified way. Patients receiving partial or total joint arthroplasty due to osteoarthritis 

usually exhibit varying degrees of chronic inflammation in the synovium before surgery.

Injury: During surgery, the synovial membrane and the synovial tissue with blood vessels get disrupted, resulting in tissue injury. 

Formation of provisional matrix: Following injury, the immune system and the coagulation system get immediately activated and a blood thrombus 

(blue scaffold) with erythrocytes (red blood cells) and activated platelets (light blue cells) is formed, which provides a provisional matrix. 

Acute inflammation: Mast cells (purple cells) are activated, releasing histamine (purple dots) into tissue, stimulating dilation of blood vessels. 

Tissue-resident macrophages (dark green cells) become activated, releasing inflammatory cytokines (green dots) into tissue. Neutrophils (blue 

cells) and monocytes (yellow cells) are attracted and migrate into injured tissue. Lining macrophages (light green cells) and fibroblasts (brown 

cells) become activated in synovial membrane. Macrophages and neutrophils in injured tissue start to engulf and digest damaged tissue particles. 

Chronic inflammation: Monocytes migrate into injured tissue, differentiating into macrophages. Macrophages digest and remove damaged tissue 

particles and induce tissue healing. 

Joint capsule healing: Granulation tissue (pink tissue with pink dots) is formed by fibroblasts (brown cells). New blood vessels are formed 

(angiogenesis). 

Figure created with BioRender.com, 2024. 
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Adverse Local Tissue Reactions (ALTRs) 

Although orthopedic implants have good 
biocompatibility and osseointegration potential, 
adverse local tissue reactions (ALTRs) can occur. 
With imaging techniques, ALTRs appear as thickened 
pseudocapsules and extraarticular fluid 
extensions.29,30 ALTRs comprise a range of 
histological patterns, ranging from purely 
macrophagic to mixed lymphocytic and macrophagic 
with or without features associated with 
hypersensitivity, and predominant sarcoid-like 
granulomas.31

The main symptoms of ALTR are pain and swelling. 
ALTR can result in extensive destruction of joint 
tissue, challenging the prognosis for further clinical 
solutions.32-34 ALTRs are described as soft or solid 
masses, in which the loss of the synovial surface with 
or without fibrin deposition, is accompanied by sub 
superficial necrosis, mononuclear cell infiltration and 
variable number of immune cells and giant 
multinucleated cells (FBGCs), in a thickened synovial 
membrane composed of dense connective tissue.34-37

ALTRs are associated with aseptic loosening and 
implant revision. The immune system, particularly the 
chronic inflammatory response to a foreign implant 
material, plays a critical role in the development of 
ALTR.34 The term chronic inflammation used in the 
context of ALTR describes the process of persistent, 
low-grade, long-term inflammation which can last 
several years. The pathogenesis of chronic 
inflammation and ALTR can depend on the host 
immune reaction to the implant material itself and, to 
implant wear particles.38,39 Other factors, such as, 
surgery40,41, infection, the patient’s underlying 
condition and patient-related risk factors can further 
contribute to and/or aggravate the development of 
ALTR.42

Orthopedic wear particles trigger an inflammatory 
response in the periprosthetic environment  

Despite the biocompatibility of the materials used 

and the improvements in implant design, material, 
and surgical techniques, factors such as mechanical 
forces, chemical reactions, material degradation, and 
biological interactions in the joint space can generate 
micro- and/or nano-scale wear debris originating 
from the implant bearing surface and junctions, which 
can trigger an inflammatory response. 

Macrophages play a crucial role in wear particle-
induced periprosthetic tissue inflammation and bone 
resorption

Macrophages are the key immune cells responsible 
for the elimination of wear particles.43 Macrophage 
activation by wear particles is the dominant 
mechanism of wear particle-induced periprosthetic 
soft tissue- and bone inflammation.44 The 
macrophage reactivity is dependent and driven by 
chemical and physical features of the particles 
themselves.45 Macrophages recognize wear particles 
as foreign material by specific receptors on their cell 
surface. The wear particles are then engulfed by the 
cells in processes called endocytosis and 
phagocytosis, removing them from the tissue. Once 
engulfed by macrophages, the wear particles either 
degrade or accumulate in the cell cytoplasm. The 
activation of the macrophages results in the release 
of pro-inflammatory mediators, which recruit further 
immune cells to the site of wear particle 
accumulation, triggering a local tissue inflammation. 
Moreover, the release of pro-inflammatory mediators 
and other factors from macrophages activate bone-
resorbing cells (osteoclasts), inducing osteolysis.46,47

Osteolysis is the process of progressive destruction 
of periprosthetic bone tissue.48 Histopathologic 
observations from clinical samples and experimental 
studies indicate that particle-laden macrophages 
might also be able to directly induce osteolysis by 
migrating into the bone microenvironment and 
interacting with osteoclasts.49-51 The macrophages 
also interact with stroma, endothelial cells of the 
capillary vessels, and other cell types associated with 
inflammation.45,52 Depending on particle size, 
material, and tissue concentration, this reaction can 
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lead to constant activation of macrophages, release 
of pro-inflammatory mediators, and cell recruitment, 
resulting in a prolonged and chronic periprosthetic 
tissue inflammation, periprosthetic osteolysis, and 
bone resorption.53 Wear particle-induced chronic 
inflammation and osteolysis are associated with 
long-term implant failure and aseptic loosening, 

particularly at later stages after arthroplasty, and can 
result in revision surgery.45,53,54 Figure 6 depicts a 
macrophage reaction to wear debris.

In cases of hypersensitivity, the adaptive immune 
system is activated primarily in response to metal 
ions, causing an inflammatory response.55-57
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Fig. 5: Periprosthetic bone reaction after TJA.

After TJA, periprosthetic bone healing occurs between the implant and the bone surface, properly integrating the implant into bone tissue. The 

process of periprosthetic bone healing is exemplified with a hip implant in the femoral shaft. 

Provisional matrix formation: Following TJA, a provisional matrix (blue scaffold) is formed in the peri-implant space. 

Acute inflammation: Macrophages (dark green cells) are activated and release inflammatory cytokines into peri-implant space. Neutrophils 

(blue cells) and monocytes (light green cells) are attracted and migrate into peri-implant space. Damaged tissue particles are removed. 

Chronic inflammation: Monocytes infiltrate into peri-implant space and differentiate into macrophages. Mesenchymal stromal cells (MSCs, pink 

cells) are recruited. 

Woven bone formation: MSCs differentiate into osteoblasts (yellow cells), forming immature primary woven bone. Fibroblasts (brown cells) 

adhere on implant surface, forming a fibrous membrane. 

Late remodeling: Bone remodeling through osteoblasts and osteoclasts (orange cells), eventually transforming the woven bone into lamellar 

bone.  

Figure created with BioRender.com, 2024.
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Wear particle-induced formation of Foreign Body 
Giant Cells (FBGCs)

As mentioned, the formation of so-called foreign 
body giant cells (FBGCs) is part of the foreign body 
response (FBR) to an implant during wound healing in 
subcutaneous tissue but is extremely unusual during 
periprosthetic wound healing in the joint after TJA. 
However, FBGCs can form in later stages of wear 
particle-induced periprosthetic inflammation. They 
are the consequence of macrophage–macrophage 
fusion, resulting in a giant cell with multiple cell 
nuclei. Usually, small wear particles are efficiently 
degraded and eliminated by macrophages. FBGCs 

form either when phagocytosis is an insufficient 
primary mechanism of material degradation or when 
wear particles or when agglomerates/aggregates are 
in a size range between 10-100 µm.20,58,59

The term ‘frustrated phagocytosis’ describes the 
formation of FBGCs in presence of orthopedic 
cement or very large particles, which impair FBGC 
function and thus inhibit phagocytosis of these large 
particles. Importantly, FBGCs have also been found in 
granulomatous diseases in absence of any 
particulate debris. Figure 7 shows the formation of 
FBGCs.

Understanding the Immune Dynamics of Joint Replacement
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Fig. 6 : The macrophage reaction to wear debris is exemplified by a hip implant. Wear debris from implant bearing surface is generated and 

released into joint space. 

Recognition wear particles: Tissue-resident macrophages (green cells) in periprosthetic soft tissue recognize wear debris particles by specific 

receptors on their surface and become activated. Macrophages start to engulf and digest wear particles by phagocytosis and release 

inflammatory cytokines (green dots) into the periprosthetic tissue. 

Tissue inflammation: Inflammatory cytokines attract other immune cells to the site of wear particle accumulation. Neutrophils (light blue cells)

and monocytes (dark red cells) migrate into tissue. Monocytes differentiate into macrophages. Macrophages and neutrophils engulf and digest 

wear particles. 

Chronic tissue inflammation and osteolysis: Depending on size/shape, material and tissue concentration of wear particles, the acute 

inflammatory response does not resolve and progresses into a chronic tissue inflammation. Monocytes constantly migrate into tissue, 

differentiating into macrophages. Activated, particle-laden macrophages persistently release pro-inflammatory cytokines into periprosthetic 

tissue, maintaining chronic tissue inflammation. Furthermore, the released cytokines as well as particle-laden macrophages themselves activate 

osteoclasts (orange cells), which then start to resorb the periprosthetic bone, resulting in periprosthetic osteolysis. 

Figure created with BioRender.com, 2024.
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The immunological profile of different orthopedic 
wear particles 

Wear particles from orthopedic implants have been 
shown to cause an inflammatory response in the 
periprosthetic tissue (Figure 8).60 Determination of 
implant wear (particulate and non-particulate state) 
in soft tissue and in bone or bone marrow is 
important to link the observed adverse tissue 
reactions to the implant. Local particle presence has 
mostly been studied in the peri-implant membrane 
and synovial fluid, but not comprehensively in the 
adjacent bone and bone marrow due to limited 
availability of clinical samples. 

The shape and type of released wear particles 
influence the inflammatory response,45,61 and tissue 
alterations and morphology differ macroscopically 
and microscopically.62 The type of implant material 
is the driving factor for the development of chronic 
inflammation. There are differences in the immuno-
compatibility of orthopedic materials, which appear 
to differently shape the peri-implant 
microenvironment.49 The following section 
describes different orthopedic implant materials and 
the immunological profile of their wear particles: 

Polyethylene (PE) wear debris: Ultra-high-molecular-
weight polyethylene (UHMWPE) particles activate 

Under the Microscope: 

CeraNews

1414
Fig. 7: Formation of Foreign Body Giant Cells (FBGCs). 

The formation of FBGCs is presented in a simplified way. 

1: A small debris particle (purple particle) is recognized by a macrophage (green cell). The macrophage starts to engulf and  phagocytose the 

particle, resulting in the digestion of the particle. These particle-laden macrophages are further transported in periprosthetic bone tissue and 

marrow and in periprosthetic soft tissue. 

2: A large debris particle is recognized by a macrophage but cannot be digested because of its size. This leads to the accumulation and fusion 

of multiple macrophages around the large particle. The fusion of multiple macrophages results in the formation of a multinucleated giant cell, 

and in some cases in frustrated phagocytosis. 

Figure created with BioRender.com, 2024. 



2 | 2024Insights

macrophages by different inflammatory signaling 
pathways63 and initiate the release of pro-
inflammatory mediators, causing osteoclastogenesis 
and bone resorption.64 

UHMWPE generates relatively large amounts of 
volumetric wear when interfacing with the metallic 

head of hip implants. Therefore, carbon crosslinking 
methods such as gamma irradiation, chemical 
induction, and addition of antioxidant agents have 
been implemented to increase material wear 
resistance65 in an attempt to minimize the pro-
inflammatory response and incidence of 
complications.66

CeraNews
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Fig. 8: Implant wear debris and wear particle-induced periprosthetic tissue inflammation.

Wear debris is generated from the bearing surface of an implant. Based on the bearing surface, the wear debris can be of different material, such 

as metal, polyethylene, or ceramics. The contributing factors for the development of wear particle-induced periprosthetic tissue inflammation 

are the particles’ shape and size, tissue concentration, and material. The material isthe driving force for tissue inflammation. Wear particles in 

periprosthetic tissue are considered foreign bodies and thus trigger an inflammatory response. Wear debris particles (orange particles) in 

periprosthetic tissue are recognized by macrophages (green cells) via specific surface receptors. Macrophages are activated and phagocytose 

these particles. Activated macrophages release inflammatory cytokines (orange dots), triggering an inflammatory tissue response. Depending 

on particle shape/size, tissue concentration, and material, this can result in an overshooting and chronic inflammatory response, causing tissue 

necrosis and osteolysis. An uncontrolled inflammatory response is associated with aseptic loosening of the implant. A controlled wear debris-

induced inflammatory response is characterized by a well-balanced pro- and anti-inflammatory response, which eventually results in 

encapsulation of the implant and in particle removal. 

Figure created with BioRender.com, 2024. 
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Polymethylmetacrylate (PMMA) wear debris:
PMMA particles from radiographic contrast material 
have been shown to activate macrophages via 
multiple inflammatory signaling pathways.67,68. 
Consequently, PMMA particles can cause 
inflammation, osteoclastogenesis, and osteolysis.69

Metal wear debris: The generation of metallic debris 
is still a matter of great concern regarding 
periprosthetic osteolysis. Cobalt, nickel, and 
titanium implant particles were shown to activate 
macrophages via different inflammatory signaling 
pathways,70-74 resulting in periprosthetic chronic 
inflammation and osteolysis. As mentioned above, 
metal ions were also shown to cause a delayed type 
of hypersensitivity by activating cells of the adaptive 
immune system (T-cells), which may also contribute 
to aseptic loosening.55,57,75-77 However, only 
experimental studies have been performed so far. 
Whether the adaptive immune system additionally 
contributes to metal particles/ions-induced aseptic 
loosening is still a matter of intense debate, and 
more studies are needed for clarification.

Ceramic wear debris: Ceramic-on-ceramic implants 
have been proposed as the best option for young and 
active patients.78,79 These implants display minimal 
wear-debris generation, with limited incidence of 
osteolysis and long-term survival rates.78,79 Alumina 
has been shown to have a low cellular 
immunotoxicity. Alumina particles were further 
demonstrated to have only limited capacity to 
stimulate the release of pro-inflammatory mediators 
from human macrophages80, and high 
concentrations of alumina ceramic particles induced 
only a weak up-regulation of mediators for 
osteoclastogenesis.81 Also, pathogenic reactions to 
ceramic wear particles are considered as unlikely.82

Moreover, alumina is considered hypoallergenic 
material, providing a valuable alternative for patients 
with metal hypersensitivity.83,84 

Conclusion

In conclusion, inflammation is an essential, 
multifactorial but complex whole-body response that 
can have harmful effects under certain conditions. 
Inflammation plays a crucial role in wound healing 
after TJA but is also associated with the 
development of adverse local tissue reactions 
(ALTRs), which can lead to implant revision. While 
early-stage ALTRs are related to surgical techniques, 
implant material and design, and patient-related risk 
factors and predispositions, late-stage ALTRs are 
associated with chronic inflammation caused by 
wear debris from the implant. The best solution to 
avoid multiple revisions due to ALTR is prevention by 
avoiding the use of biomaterials that promote ALTR. 
This can be achieved by choosing biomaterials with 
low toxicity, high biocompatibility, hypoallergenic 
properties, and low pro-inflammatory potential, such 
as (for example) ceramics.

References

1. Bennett JM, Reeves G, Billman GE, Sturmberg JP. Inflammation–

Nature's way to efficiently respond to all types of challenges: 

implications for understanding and managing “the Epidemic” of chronic 

diseases. Front Med (Lausanne). 2018;5:316. doi:10.3389/

fmed.2018.00316.

2. Chen L, Deng H, Cui H, et al. Inflammatory responses and 

inflammation-associated diseases in organs. Oncotarget. 

2017;9(6):7204-7218. doi:10.18632/oncotarget.23208.

3. Medzhitov R. Inflammation 2010: new adventures of an old flame. 

Cell. 2010;140(6):771-776. doi:10.1016/j.cell.2010.03.006.

4. Medzhitov R. Origin and physiological roles of inflammation. Nature. 

2008;454(7203):428-435. doi:10.1038/nature07201.

Under the Microscope: 

CeraNews

1616

Corresponding Author:

Ina Lackner PhD

CeramTec GmbH

I.lackner@ceramtec.de



2 | 2024Insights

5. Hannoodee S, Nasuruddin DN. Acute Inflammatory Response. 

StatPearls. Treasure Island (FL): StatPearls Publishing LLC; 2024.

6. Pahwa R, Goyal A, Jialal I. Chronic Inflammation. StatPearls. Treasure 

Island (FL): StatPearls Publishing LLC.; 2024.

7. Cavaillon JM. Once upon a time, inflammation. J Venom Anim Toxins 

Incl Trop Dis. 2021;27:e20200147. doi:10.1590/1678-9199-JVATITD-

2020-0147.

8. Rather LJ. Disturbance of function (functio laesa): the legendary fifth 

cardinal sign of inflammation, added by Galen to the four cardinal signs of 

Celsus. Bull N Y Acad Med. 1971;47(3):303-322. 

9. Punchard NA, Whelan CJ, Adcock I. The journal of inflammation. J 

Inflamm (Lond). 2004;1(1):1. doi:10.1186/1476-9255-1-1.

10. Gibon E, Takakubo Y, Zwingenberger S, Gallo J, Takagi M, Goodman 

SB. Friend or foe? Inflammation and the foreign body response to 

orthopedic biomaterials. J Biomed Mater Res A. 2023;112(8):1172-1187. 

doi:10.1002/jbm.a.37599.

11. Medzhitov R, Janeway C. Innate immunity. N Engl J Med. 

2000;343(5):338-344. doi:10.1056/NEJM200008033430506.

12. Signore A. About inflammation and infection. EJNMMI Res. 

2013;3(1):8. doi:10.1186/2191-219X-3-8.

13. Soliman AM, Barreda DR. Acute inflammation in tissue healing. Int J 

Mol Sci. 2023;24(1):641. doi:10.3390/ijms24010641.

14. Serhan CN, Savill J. Resolution of inflammation: the beginning 

programs the end. Nat Immunol. 2005;6(12):1191-1197. doi:10.1038/

ni1276.

15. Kawai T, Akira S. The role of pattern-recognition receptors in innate 

immunity: update on Toll-like receptors. Nat Immunol. 2010;11(5):373-

384. doi:10.1038/ni.1863.

16. Uribe-Querol E, Rosales C. Phagocytosis: our current understanding of 

a universal biological process. Front Immunol. 2020;11:1066. 

doi:10.3389/fimmu.2020.01066.

17. Levin R, Grinstein S, Canton J. The life cycle of phagosomes: 

formation, maturation, and resolution. Immunol Rev. 2016;273(1):156-

179. doi:10.1111/imr.12439.

18. Wynn TA, Vannella KM. Macrophages in tissue repair, regeneration, 

and fibrosis. Immunity. 2016;44(3):450-462. doi:10.1016/j.

immuni.2016.02.015.

19. Londono R, Badylak SF. Chapter 1 - Factors Which Affect the Host 

Response to Biomaterials. In: Badylak SF, ed. Host Response to 

Biomaterials. Oxford: Academic Press; 2015:1-12.

20. Anderson JM, Rodriguez A, Chang DT. Foreign body reaction to 

biomaterials. Semin Immunol. 2008;20(2):86-100. doi:10.1016/j.

smim.2007.11.004.

21. Anderson J, Cramer S. Chapter 2 - Perspectives on the Inflammatory, 

Healing, and Foreign Body Responses to Biomaterials and Medical 

Devices. In: Badylak SF, ed. Host Response to Biomaterials. Oxford: 

Academic Press; 2015:13-36.

22. Guo S, DiPietro LA. Factors affecting wound healing. J Dent Res. 

2010;89(3):219-229. doi:10.1177/0022034509359125.

23. Anderson JM, Jiang S. Implications of the Acute and Chronic 

Inflammatory Response and the Foreign Body Reaction to the Immune 

Response of Implanted Biomaterials. In: Corradetti B, ed. The Immune 

Response to Implanted Materials and Devices: The Impact of the Immune 

System on the Success of an Implant. Cham: Springer International 

Publishing; 2017:15-36.

24. Klopfleisch R, Jung F. The pathology of the foreign body reaction 

against biomaterials. J Biomed Mater Res A. 2017;105(3):927-940. 

doi:10.1002/jbm.a.35958.

25. Moore LB, Kyriakides TR. Molecular Characterization of Macrophage-

Biomaterial Interactions. In: Lambris JD, Ekdahl KN, Ricklin D, Nilsson B, 

eds. Immune Responses to Biosurfaces, Advances in Experimental 

Medicine and Biology. Springer; 2015:109-122.

26. Kuzyk PR, Schemitsch EH. The basic science of peri-implant bone 

healing. Indian J Orthop. 2011;45(2):108-115. doi:10.4103/0019-

5413.77129.

27. Liu Y, Rath B, Tingart M, Eschweiler J. Role of implants surface 

modification in osseointegration: a systematic review. J Biomed Mater 

Res A. 2020;108(3):470-484. doi:10.1002/jbm.a.36829.

28. Choi JY, Sim JH, Yeo IL. Characteristics of contact and distance 

osteogenesis around modified implant surfaces in rabbit tibiae. J 

Periodontal Implant Sci. 2017;47(3):182-192. doi:10.5051/

jpis.2017.47.3.182.

29. Morozov P, Sana M, McGrory BJ, Farraher SW, Abrahams TG. 

Comparison of pre-revision magnetic resonance imaging and operative 

findings in mechanically assisted crevice corrosion in symptomatic metal 

on polyethylene total hip replacements. J Arthroplasty. 2017;32(8):2535-

2545. doi:10.1016/j.arth.2017.03.021.

30. Nawabi DH, Gold S, Lyman S, Fields K, Padgett DE, Potter HG. MRI 

predicts ALVAL and tissue damage in metal-on-metal hip arthroplasty. Clin 

Orthop Relat Res. 2014;472(2):471-481. doi:10.1007/s11999-013-2788-y.

31. Ricciardi BF, Nocon AA, Jerabek SA, et al. Histopathological 

characterization of corrosion product associated adverse local tissue 

reaction in hip implants: a study of 285 cases. BMC Clin Pathol. 

2016;16(3):eCollection 2016. doi:10.1186/s12907-016-0025-9.

32. Williams DH, Greidanus NV, Masri BA, Duncan CP, Garbuz DS. 

Prevalence of pseudotumor in asymptomatic patients after metal-on-

metal hip arthroplasty. J Bone Joint Surg Am. 2011;93(23):2164-2171. 

doi:10.2106/jbjs.J.01884.

Understanding the Immune Dynamics of Joint Replacement

CeraNews

17



Insights 2 | 2024

33. Almousa SA, Greidanus NV, Masri BA, Duncan CP, Garbuz DS. The 

natural history of inflammatory pseudotumors in asymptomatic patients 

after metal-on-metal hip arthroplasty. Clin Orthop Relat Res. 

2013;471(12):3814-3821. doi:10.1007/s11999-013-2944-4.

34. Eltit F, Wang Q, Wang R. Mechanisms of adverse local tissue 

reactions to hip implants. Front Bioeng Biotechnol. 2019;7(176):

eCollection 2019. doi:10.3389/fbioe.2019.00176.

35. Mahendra G, Pandit H, Kliskey K, Murray D, Gill HS, Athanasou N. 

Necrotic and inflammatory changes in metal-on-metal resurfacing hip 

arthroplasties. Acta Orthop. 2009;80(6):653-659. 

doi:10.3109/17453670903473016.

36. Natu S, Sidaginamale RP, Gandhi J, Langton DJ, Nargol AV. Adverse 

reactions to metal debris: histopathological features of periprosthetic 

soft tissue reactions seen in association with failed metal on metal hip 

arthroplasties. J Clin Pathol. 2012;65(5):409-418. doi:10.1136/jclinpath-

2011-200398.

37. Perino G, Ricciardi BF, Jerabek SA, et al. Implant based differences in 

adverse local tissue reaction in failed total hip arthroplasties: a 

morphological and immunohistochemical study. BMC Clin Pathol. 

2014;14(1):39. doi:10.1186/1472-6890-14-39.

38. Billi F, Benya P, Kavanaugh A, Adams J, McKellop H, Ebramzadeh E. 

The John Charnley Award: an accurate and extremely sensitive method 

to separate, display, and characterize wear debris: part 2: metal and 

ceramic particles. Clin Orthop Relat Res. 2012;470(2):339-350. 

doi:10.1007/s11999-011-2058-9.

39. Sonntag R, Reinders J, Kretzer JP. Bio-Tribological Demands. In: 

Sonntag R, Kretzer JP, eds. Materials for Total Joint Arthroplasty. World 

Scientific; 2016:1-13.

40. Thapa P, Euasobhon P. Chronic postsurgical pain: current evidence 

for prevention and management. Korean J Pain. 2018;31(3):155-173. 

doi:10.3344/kjp.2018.31.3.155.

41. Amstutz HC, Le Duff MJ, Johnson AJ. Socket position determines 

hip resurfacing 10-year survivorship. Clin Orthop Relat Res. 

2012;470(11):3127-3133. doi:10.1007/s11999-012-2347-y.

42. Vendittoli PA, Riviere C, Hirschmann MT, Bini S. Why personalized 

surgery is the future of hip and knee arthroplasty: a statement from the 

Personalized Arthroplasty Society. EFORT Open Rev. 2023;8(12):874-

882. doi:10.1530/eor-22-0096.

43. Nich C, Takakubo Y, Pajarinen J, et al. Macrophages—Key cells in the 

response to wear debris from joint replacements. J Biomed Mater Res A. 

2013;101(10):3033-3045. doi:10.1002/jbm.a.34599.

44. Athanasou NA. The pathobiology and pathology of aseptic implant 

failure. Bone Joint Res. 2016;5(5):162-168. doi:10.1302/2046-

3758.55.bjr-2016-0086.

45. Couto M, Vasconcelos DP, Sousa DM, et al. The mechanisms 

underlying the biological response to wear debris in periprosthetic 

inflammation. Front Mater Sci. 2020;7:1-13. doi:10.3389/

fmats.2020.00274.

46. Landgraeber S, Jäger M, Jacobs JJ, Hallab NJ. The pathology of 

orthopedic implant failure is mediated by innate immune system 

cytokines. Mediators Inflamm. 2014;2014:185150. 

doi:10.1155/2014/185150.

47. Pan B, Zhang Z, Wu X, et al. Macrophage-derived exosomes 

modulate wear particle-induced osteolysis via miR-3470b targeting 

TAB3/NF-κB signaling. Bioact Mater. 2023;26:181-193. doi:10.1016/j.

bioactmat.2023.02.028.

48. Saleh KJ, Schwarz EM. Osteolysis: medical and surgical approaches. 

Clin Orthop Relat Res. 2004;427:138-147. 

49. Panez-Toro I, Heymann D, Gouin F, Amiaud J, Heymann M-F, Córdova 

LA. Roles of inflammatory cell infiltrate in periprosthetic osteolysis. Front 

Immunol. 2023;14:1310262. doi:10.3389/fimmu.2023.1310262.

50. Yin Z, Gong G, Liu X, Yin J. Mechanism of regulating macrophages/

osteoclasts in attenuating wear particle-induced aseptic osteolysis. 

Front Immunol. 2023;14:1274679. doi:10.3389/fimmu.2023.1274679.

51. Nich C, Goodman SB. Role of macrophages in the biological reaction 

to wear debris from joint replacements. J Long Term Eff Med Implants. 

2014;24(4):259-265. doi:10.1615/

jlongtermeffmedimplants.2014010562.

52. Gibon E, Cordova LA, Lu L, et al. The biological response to 

orthopedic implants for joint replacement. II: Polyethylene, ceramics, 

PMMA, and the foreign body reaction. J Biomed Mater Res B Appl 

Biomater. 2017;105(6):1685-1691. doi:10.1002/jbm.b.33676.

53. Goodman SB, Gallo J. Periprosthetic osteolysis: mechanisms, 

prevention and treatment. J Clin Med. 2019;8(12):2091. doi:10.3390/

jcm8122091.

54. Connors JP, Stelzer JW, Garvin PM, Wellington IJ, Solovyova O. The 

role of the innate immune system in wear debris-induced inflammatory 

peri-implant osteolysis in total joint arthroplasty. Bioengineering (Basel). 

2022;9(12):764. doi:10.3390/bioengineering9120764.

55. Goodman SB. Wear particles, periprosthetic osteolysis and the 

immune system. Biomaterials. 2007;28(34):5044-5048. doi:10.1016/j.

biomaterials.2007.06.035.

56. Pajarinen J, Jamsen E, Konttinen YT, Goodman SB. Innate immune 

reactions in septic and aseptic osteolysis around hip implants. J Long 

Term Eff Med Implants. 2014;24(4):283-296. doi:10.1615/

jlongtermeffmedimplants.2014010564.

57. Schalock PC, Crawford G, Nedorost S, et al. Patch testing for 

evaluation of hypersensitivity to implanted metal devices: a perspective 

Understanding the Immune Dynamics of Joint Replacement

CeraNews

1818



2 | 2024Insights

from the American Contact Dermatitis Society. Dermatitis. 

2016;27(5):241-247. doi:10.1097/der.0000000000000210.

58. Eslami-Kaliji F, Hedayat Nia N, Lakey JRT, Smink AM, Mohammadi M. 

Mechanisms of foreign body giant cell formation in response to 

implantable biomaterials. Polymers (Basel). 2023;15(5):1313. 

doi:10.3390/polym15051313.

59. Xia Z, Triffitt JT. A review on macrophage responses to biomaterials. 

Biomedical materials (Bristol, England). 2006;1(1):R1-9. 

doi:10.1088/1748-6041/1/1/r01.

60. Gibon E, Goodman SB. The biologic response to bearing materials. 

Orthopaedic knowledge online. 2016;14(6)

61. Goodman SB, Gallo J, Gibon E, Takagi M. Diagnosis and management 

of implant debris-associated inflammation. Expert Rev Med Devices. 

2020;17(1):41-56. doi:10.1080/17434440.2020.1702024.

62. Perino G, Sunitsch S, Huber M, et al. Diagnostic guidelines for the 

histological particle algorithm in the periprosthetic neo-synovial tissue. 

BMC Clin Pathol. 2018;18:7. doi:10.1186/s12907-018-0074-3.

63. Maitra R, Clement CC, Scharf B, et al. Endosomal damage and TLR2 

mediated inflammasome activation by alkane particles in the generation 

of aseptic osteolysis. Mol Immunol. 2009;47(2-3):175-184. doi:10.1016/j.

molimm.2009.09.023.

64. Terkawi MA, Hamasaki M, Takahashi D, et al. Transcriptional profile of 

human macrophages stimulated by ultra-high molecular weight 

polyethylene particulate debris of orthopedic implants uncovers a 

common gene expression signature of rheumatoid arthritis. Acta 

Biomater. 2018;65:417-425. doi:10.1016/j.actbio.2017.11.001.

65. Bracco P, Bellare A, Bistolfi A, Affatato S. Ultra-high molecular weight 

polyethylene: influence of the chemical, physical and mechanical 

properties on the wear behavior. A review. Materials. 2017;10(7):791. 

doi:10.3390/ma10070791.

66. Broomfield JAJ, Malak TT, Thomas GER, Palmer AJR, Taylor A, Glyn-

Jones S. The relationship between polyethylene wear and peri-prosthetic 

osteolysis In total hip arthroplasty at 12 years in a randomized controlled 

trial cohort. J Arthroplasty. 2017;32(4):1186-1191. doi:10.1016/j.

arth.2016.10.037.

67. Pearl JI, Ma T, Irani AR, et al. Role of the Toll-like receptor pathway in 

the recognition of orthopedic implant wear-debris particles. Biomaterials. 

2011;32(24):5535-5542. doi:10.1016/j.biomaterials.2011.04.046.

68. Antonios JK, Yao Z, Li C, Rao AJ, Goodman SB. Macrophage 

polarization in response to wear particles in vitro. Cell Mol Immunol. 

2013;10(6):471-482. doi:10.1038/cmi.2013.39.

69. Burton L, Paget D, Binder NB, et al. Orthopedic wear debris mediated 

inflammatory osteolysis is mediated in part by NALP3 inflammasome 

activation. J Orthop Res. 2013;31(1):73-80. doi:10.1002/jor.22190.

70. Caicedo MS, Samelko L, McAllister K, Jacobs JJ, Hallab NJ. Increasing 

both CoCrMo-alloy particle size and surface irregularity induces increased 

macrophage inflammasome activation in vitro potentially through 

lysosomal destabilization mechanisms. J Orthop Res. 2013;31(10):1633-

1642. doi:10.1002/jor.22411.

71. Samelko L, Landgraeber S, McAllister K, Jacobs J, Hallab NJ. Cobalt 

alloy implant debris induces inflammation and bone loss primarily through 

danger signaling, not TLR4 activation: implications for DAMP-ening 

implant related inflammation. PLoS One. 2016;11(7):e0160141. 

doi:10.1371/journal.pone.0160141.

72. Eger M, Hiram-Bab S, Liron T, et al. Mechanism and prevention of 

titanium particle-induced inflammation and osteolysis. Front Immunol. 

2018;9:2963. doi:10.3389/fimmu.2018.02963.

73. Baron L, Gombault A, Fanny M, et al. The NLRP3 inflammasome is 

activated by nanoparticles through ATP, ADP and adenosine. Cell death & 

disease. 2015;6(2):e1629. doi:10.1038/cddis.2014.576.

74. Jämsen E, Pajarinen J, Kouri VP, et al. Tumor necrosis factor primes 

and metal particles activate the NLRP3 inflammasome in human primary 

macrophages. Acta Biomater. 2020;108:347-357. doi:10.1016/j.

actbio.2020.03.017.

75. Pajarinen J, Lin TH, Sato T, Yao Z, Goodman SB. Interaction of 

materials and biology in total joint replacement – successes, challenges 

and future directions. J Mater Chem B. 2014;2(41):7094-7108. 

doi:10.1039/C4TB01005A.

76. Lu L, Vollmer J, Moulon C, Weltzien HU, Marrack P, Kappler J. 

Components of the ligand for a Ni++ reactive human T cell clone. J Exp 

Med. 2003;197(5):567-574. doi:10.1084/jem.20021762.

77. Clayton GM, Wang Y, Crawford F, et al. Structural basis of chronic 

beryllium disease: linking allergic hypersensitivity and autoimmunity. Cell. 

2014;158(1):132-142. doi:10.1016/j.cell.2014.04.048.

78. Hamadouche M, Boutin P, Daussange J, Bolander ME, Sedel L. 

Alumina-on-alumina total hip arthroplasty: a minimum 18.5-year follow-up 

study. J Bone Joint Surg Am. 2002;84-A(1):69-77. 

79. Hannouche D, Devriese F, Delambre J, et al. Ceramic-on-ceramic THA 

implants in patients younger than 20 years. Clin Orthop Relat Res. 

2016;474(2):520-527. doi:10.1007/s11999-015-4546-9.

80. Kaufman AM, Alabre CI, Rubash HE, Shanbhag AS. Human 

macrophage response to UHMWPE, TiAlV, CoCr, and alumina particles: 

analysis of multiple cytokines using protein arrays. J Biomed Mater Res A. 

2008;84(2):464-474. doi:10.1002/jbm.a.31467.

81. Bylski D, Wedemeyer C, Xu J, Sterner T, Loer F, von KM. Alumina 

ceramic particles, in comparison with titanium particles, hardly affect the 

expression of RANK-, TNF-alpha-, and OPG-mRNA in the THP-1 human 

monocytic cell line. J Biomed Mater Res A. 2009;89(3):707-716. 

Understanding the Immune Dynamics of Joint Replacement

CeraNews

19



Insights 2 | 2024

doi:10.1002/jbm.a.31956.

82. Krenn V, Thomas P, Thomsen M, et al. Histopathologische 

Partikelidentifikation (Partikelalgorithmus nach Krenn). CeraNews2013. 

p. 12-17.

83. Thomas P, Stea S. Metal Implant Allergy and Immuno-Allergological 

Compatibility Aspects of Ceramic Materials. Clinical Management of 

Joint Arthroplasty. Heidelberg: Springer-Verlag; 2015.

84. van der Merwe JM. Metal hypersensitivity in joint arthroplasty. J Am 

Acad Orthop Surg Glob Res Rev. 2021;5(3):e20.00200. doi:10.5435/

JAAOSGlobal-D-20-00200.

Under the Microscope: 

CeraNews

2020

Summary

Inflammation is a natural, whole-body response triggered by the immune system. The immune system 
performsessential functions such as combating pathogens, eliminating foreign bodies, initiating 
wound and fracture healing, initiating tissue repair and reconstitution, and re-establishing tissue 
homeostasis after injury. The inflammatory response is a complex but tightly regulated process 
involving many cells and signaling pathways. The acute inflammatory response is a strictly regulated 
but temporarily limited process; butit can turn into long-term, low-grade chronic inflammation, which is 
an undesirable and harmful process.

One must take caution when talking about chronic inflammation. The term is often used for different 
inflammatory processes, which is why it is very important to specify the respective process. As 
explained, chronic inflammation during wound healing after TJA differs from chronic inflammation to 
implanted materials as part of FBR.

TJA is the ultimate solution to replace and preserve the form and function of major joints. The 
inflammatory response is an indispensable process of wound healing after TJA and the proper 
reconstruction of tissue at the implant site, which usually resolves within a few weeks. However, 
patient-related risk factors, pathologic predispositions, surgical techniques, hypersensitivity, 
orthopedic material, and the presence of implant wear particles can trigger an adverse local tissue 
reaction (ALTR) associated with low-grade chronic inflammation in periprosthetic tissue, osteolysis and 
bone resorption. This can result in aseptic loosening, periprosthetic implant failure, and revision 
surgery. 

Wear particles from various orthopedic implant materials have been shown to trigger a local 
inflammatory reaction, with ceramic particles being the least reactive and therefore only triggering a 
mild and controlled pro-inflammatory reaction.

The best solution to avoid ALTR-related multiple revisions is prevention by avoiding the use of 
biomaterials that promote ALTR. Some orthopedic implant materials have a higher likelihood of 
triggering ALTR due to their physicochemical properties or may lead to potential exacerbation in 
combination with other material and patient-related risk factors.
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Inflammation is part of the innate biological response 
to infectious or non-infectious agents. It is a non-
specific, essential defense mechanism against injury 
or intrusion by pathogenic micro-organisms, 
endogenous (e.g., gout crystals) or exogenous (e.g., 
implant wear debris) non-biological products. 

In autoimmune diseases, this so-called immune 
system is even activated against the body’s own cells, 
proteins, or other molecules. Local clinical signs of 

inflammation include heat, redness, swelling, pain, 
and loss of function. 

Based on the onset and duration of the symptoms, 
inflammation can be categorized as acute, sub-acute, 
or chronic. Acute inflammation starts immediately 
after a specific injury or infection and typically lasts 
only a few days. It is characterized by the release of 
soluble immune mediators including acute phase 
proteins such as C-reactive protein, cytokines, and 
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Fig. 1: Acute inflammation, chronic inflammation, and resolution of inflammation. Acute inflammation, chronic inflammation and the resolution of 

inflammation are demonstrated by an example of skin tissue injury of the hand. 

Acute inflammation: Skin injury results in the disruption of subcutaneous tissue and blood vessels. Tissue-resident macrophages (dark red cells) 

recognize damaged tissue particles and become activated. Activated macrophages start to engulf and digest damaged tissue particles. Furthermore, 

they release pro-inflammatory mediators such as cytokines, chemokines, and acute phase proteins such as C-reactive protein (CRP) (red dots) into 

the injured tissue. These pro-inflammatory mediators attract other immune cells to the site of tissue injury. Monocytes (yellow cells) and neutrophils 

(blue cells) migrate into injured tissue. Monocytes differentiate into macrophages. Neutrophils start to engulf and digest damaged tissue particles. 

Once damaged tissue particles are removed, tissue healing, and resolution of inflammation are induced. Resolution of inflammation: For the 

resolution of inflammation, macrophages release anti-inflammatory cytokines (green dots), stopping the pro-inflammatory response and the systemic 

recruitment of immune cells into the tissue. However, if the acute inflammatory response does not resolve it may progress from sub-acute to chronic 

inflammation. 

Chronic inflammation: Chronic inflammation is characterized by permanent migration of immune cells such as monocytes, lymphocytes (green cells) 

and plasma cells (orange cells) into the tissue, constantly releasing lytic enzymes and cytokines (yellow and orange dots), thus resulting in a non-

resolving, persistent, chronic tissue inflammation. Figure was created with BioRender.com, 2024.
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chemokines attracting neutrophils and 
macrophages to the area of injury. These cells 
initiate the healing process or the elimination of the 
infectious or non-infectious intruder. The resolution 
of the inflammatory process involves the controlled 
production of mediators, and the decrease of 
chemokine concentrations to reduce and stop the 
recruitment of white blood cells.1 If the acute 
inflammation does not resolve, it may evolve from 
sub-acute (two to six weeks) to chronic 
inflammation, which may last for months or even 
years. Chronic inflammation is sustained by the 
continued recruitment and infiltration of 
mononuclear leucocytes such as macrophages, 
lymphocytes, and plasma cells releasing cytokines 
and lytic enzymes which may damage the tissue 
again, thus prolonging the tissue injury followed by 
secondary repair often associated with fibrosis and 
granulomatous reactions.2

Causes of dysregulation and prolongation of the 
inflammatory process include failure to eliminate the 
causative agent, which is either a resistant microbial 
pathogen or a substance that cannot be 
phagocytosed or broken down enzymatically (such 
as wear debris from articulating surfaces) as well as 
factors causing oxidative stress (increased release 
of free radicals, advanced glycation end products 
(AGEs), urate crystals, oxidized lipoproteins, etc.). 

In the context of orthopaedic implants, the 
pathogenesis of chronic inflammation often involves 
a complex, intricate and multifactorial  cascade of 
immune reactions related to the implant material, to 
the surgery, to an associated (low-grade) infection, 
and/or to the patient’s underlying condition. 
Discerning an aseptic chronic inflammatory 
syndrome from a chronic low-grade infection is 
difficult, as they are often concomitant and related. 
The presence of the implant itself as a foreign body 
constitutes a major risk factor for the onset, 
prolongation, and persistence of both inflammation 
and infection. As described above, the protracted 
inflammatory process may cause tissue damage, 

fibrosis, and granulomatosis. The natural 
immunological defense may fail to eliminate 
microorganisms in this compromised environment. 
Additionally, bacteria are attracted to implant 
surfaces to which they may attach, and 
subsequently colonize and form biofilms, acting as a 
physical barrier protecting the bacteria from 
immunocytes and antibiotics.3 These biofilms may 
also prohibit osseointegration and eventually lead to 
implant loosening. Again, the differentiation 
between aseptic and low-grade septic loosening is 
often difficult and   interrelated.

Clinical symptoms and diagnostic tests for chronic 
Inflammation

Symptoms of chronic inflammation may vary from 
local pain, swelling, and dysfunction to more 
generalized arthralgia, myalgia, and malaise. 
Systemic symptoms may include subfebrile fever, 
fatigue, weight loss or gain, neurological and 
gastrointestinal symptoms, higher susceptibility to 
infection, insomnia, anxiety, and depression. Chronic 
inflammation represents a threat to the global health 
of the individual and is associated with higher 
morbidity and mortality.

Currently there are no specific laboratory tests for 
the diagnosis of chronic inflammation. Good serum 
markers of inflammation include hs   (high-
sensitivity) C-reactive protein and fibrinogen but are 
not specific to chronic inflammation; they are also 
elevated in cases of acute inflammation or infection. 
These standard tests are inexpensive and can be 
performed in routine medical laboratories. Specific 
tests of proinflammatory cytokines such as 
interleukin 6 (IL-6) are more expensive, not routinely 
available, and sometimes difficult to interpret.

Imaging techniques may play an important role in 
the diagnosis and monitoring of chronic 
inflammation.4 Besides the conventional and widely 
used X-ray, CT, MRI, PET/CT, and the more 
specialized FDG-PET-CT scintigraphy with Tc, Ga, or 
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Fig. 2: Pathogenesis of chronic inflammation with orthopedic implants. The pathogenesis of chronic inflammation with orthopedic implants 

is exemplified by a hip implant. It is very important to distinguish between aseptic chronic inflammation and chronic low-grade infection. 1: 

Aseptic chronic inflammation. During aseptic chronic inflammation tissue-resident macrophages (dark red spiky-shaped cells) in periprosthetic 

tissue are permanently activated by the implant material surface. The activated macrophages release pro-inflammatory cytokines (blue dots) 

and trigger chronic tissue inflammation. Monocytes (yellow cells) are permanently attracted and migrate into periprosthetic tissue. Monocytes 

differentiate into macrophages, which are then getting activated by material surface promoting the chronic tissue inflammation. During chronic 

tissue inflammation, the released pro-inflammatory cytokines and activated macrophages themselves activate osteoclasts (orange cells), 

which then cause bone resorption and periprosthetic osteolysis. Furthermore, chronic inflammation results in the generation of fibrotic tissue 

(pink tissue, with pink dots), thus replacing functional periprosthetic soft tissue with fibrotic tissue. Aseptic chronic inflammation with implant-

triggered tissue inflammation, osteolysis and fibrotic tissue formation is associated with the development of aseptic implant loosening. 2. 

Chronic low-grade infection. During chronic low-grade infection, macrophages in periprosthetic tissue (dark red spiky-shaped cells) are 

constantly activated by the implant material surface and release pro-inflammatory cytokines (blue dots). Monocytes (yellow cells) permanently 

migrate into periprosthetic tissue and differentiate into macrophages. The chronic and compromised tissue inflammation favors the migration 

of bacteria into periprosthetic tissue, additionally fueling tissue inflammation. The compromised inflammatory response in the tissue is not 

able to clear bacteria, which then allows them to attach to the implant surface. Once attached to the implant surface, bacteria form a biofilm, 

which makes them resistant to immune cells and to antibiotic treatment. Activated macrophages and pro-inflammatory cytokines furthermore 

activate osteoclasts, which then start to resorb bone, resulting in periprosthetic osteolysis. Additionally, bacteria from biofilm release acidic 

factors (green dots), which cause bone demineralization. Chronic low-grade infection with chronic tissue inflammation, bacteria migration, 

biofilm formation, osteolysis and bone demineralization is associated with the development of septic implant loosening. 

Figure was created with BioRender.com, 2024.



Insights 2 | 2024

In-white blood cells, new, highly sophisticated 
imaging techniques are being developed, to localize 
sites of inflammation in detail and monitor activity 
during treatment. These techniques include 
molecular and multimodal imaging, optical imaging 
of immune cell trafficking, photoacoustic imaging, 
MRI sensors for biomarkers, and hyperpolarized MRI 
for the detection of oxidative stress.5 These new 
techniques are expected to facilitate the differential 
diagnosis between chronic inflammation and low-
grade infection in the future.

Patient-related risk factors associated with chronic 
inflammation.

To mitigate adverse inflammatory effects following 
an orthopedic intervention such as arthroplasty, it is 
important to identify certain patient-related risk 
factors which promote a sustained inflammatory 
response. 

These include:

Age: Advanced age is often associated with 
increased levels of several inflammatory 
molecules. The chronic, aseptic, low-grade 
inflammation occurring in older people is known 
as “inflammaging.”
Causes include senescence of cells and of the 
immune system, with increased circulating cell 
debris such as mitochondrial DNA associated 
with mitochondrial dysfunction, accumulation of 
pro-coagulation factors, free radicals, and 
reactive oxygen species (ROS), but also the 
increase in visceral body fat and the disruption 
of the gut microbiome. All these factors may 
lead to a chronic stimulation of the innate 
immune system with continuous release of 
proinflammatory molecules. Inflammaging is a 
risk factor for age-related morbidity, including 
cardiovascular diseases and mortality.6
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Fig. 3: Patient-related risk factors for chronic inflammation. 

The demonstrated patient-related risk factors can sustain the development of chronic inflammation in general. 

Figure was created with BioRender.com, 2024. 
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Obesity: Adipose tissue is now recognized as an 
endocrine organ, with adipocytes secreting 
metabolically active mediators called adipokines 
and other inflammatory cytokines and 
chemokines when stimulated by the excess of 
macronutrients, especially carbohydrates and fat. 
Several studies have also demonstrated a 
predominance of proinflammatory M1 
macrophages in the fat tissue of obese people in 
contrast with the dominance of anti-inflammatory 
M2 macrophages in non-obese people.7

Concomitantly, the production of the hormone 
adiponectin by the adipocytes is reduced. 
Adiponectin plays an important role in lipid 
metabolism and insulin sensitivity and is also 
involved in immune responses and inflammation. 
Low levels of adiponectin levels are a significant 
predictor of cardiovascular mortality and have 
been associated with type 2 diabetes, cancer, 
stroke, and metabolic abnormalities. Reduced 
adiponectin levels in combination with the 
elevated secretion of pro-inflammatory 
molecules such as IL-6 from adipose cells, may 
lead to chronic inflammation (also called 
“metaflammation,”) the metabolic syndrome 
associated with obesity (including insulin 
resistance, type 2 diabetes, coagulation, and 
cardiovascular disorders) and atherosclerosis.8 
Obesity also has a detrimental effect on cartilage 
leading to osteoarthritis, in both weight-bearing 
joints and non-weight bearing articulations. 
Adipokines, including adiponectin and leptin, are 
important downregulators of inflammatory 
responses in cartilage, while other catabolic 
cytokines may inhibit the synthesis of 
proteoglycans and collagen type II, inducing 
cartilage degradation and bone resorption. 
Degradation products will elicit new inflammatory 
reactions, thus perpetuating the inflammatory 
process.9

Diet: Chronic inflammatory diseases have been 
associated with an unbalanced diet, rich in 
saturated fat and carbohydrates. As explained, 

increased intake of macronutrients may lead to 
higher production of pro-inflammatory molecules 
by the adipocytes.10 Additionally, unhealthy diets 
are often high in toxic contaminants (e.g., in 
thermally processed foods) and low in 
antioxidants (found in fruit, vegetables, and tea), 
which protect the cells from increased oxidative 
stress. Finally, the diet may have an impact on the 
composition and metabolism of the gut bacteria, 
the so-called microbiome. The gut microbiome 
consists of a diversity of microorganisms and 
performs important functions related not only to 
digestion and metabolization but to immune 
modulation. Gut microbiome dysbiosis, i.e. a 
disturbance in the composition and the ratio of 
microbial species, may cause breaches in the 
intestinal barrier, letting potentially harmful 
components into systemic circulation, thus 
stirring up an immune inflammatory response 
that may become chronic.11 The importance of 
diet cannot be underestimated as it is 
demonstrated to be the number  one risk factor in 
death and disability-adjusted life statistics.12

Diets high in fruits, vegetables and fibers reduce 
inflammation and have a positive effect on global 
health and longevity.

Smoking: Cigarette smoking is associated with 
chronic lung and cardiovascular disease, stroke, 
and cancer but is also generally recognized as a 
major risk factor for chronic inflammation.13

Toxins in cigarette smoke activate the secretion 
of proinflammatory molecules from mucosal 
cells in the oral cavity and the airways thereby 
inducing and sustaining inflammation. Cigarette 
smoke also contains trace amounts of bacterial 
lipopolysaccharides and other components 
triggering the immune response and leading to 
chronic inflammation.14 Blood samples of 
smokers have significantly higher levels of CRP, 
IL-6 and other inflammatory biomarkers.15 On the 
other hand, some elements of cigarette smoke 
may suppress the innate and adaptive defense 
against bacteria and neoplastic cells, thus 
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increasing the risk of infection and cancer. 

Excessive alcohol consumption: In large 
amounts, alcohol and its metabolites affect the 
liver, cause intestinal inflammation, alter the 
composition of the intestinal microbiome, impair 
its function, and damage the intestinal mucosal 
barrier. This leads to an additional inflammatory 
response, creating a vicious circle of chronic 
inflammation.16 Toxins such as gut microbiome-
derived lipopolysaccharide (LPS) may also enter 
systemic circulation through breaches in the 
intestinal linings, causing inflammatory 
reactions and eventually irreversible organ 
damage.17

Environmental or industrial toxicants: Long-term 
exposure to even low doses of chemical 
pollutants such as heavy metals, industrial 
chemicals, pesticides, food additives, or 
microplastics may lead to accumulation in the 
body and induce oxidative stress associated 
with chronic inflammation and cell and organ 
damage, as well as an impaired immune defense 
against microbial pathogens. Studies have 
shown that cocktails of pollutants are 
associated with an increase in systemic pro-
inflammatory cytokines and activation of 
immune cells.18

Low physical activity: Sedentarism and physical 
inactivity may lead to abdominal adiposity and 
visceral fat accumulation which is associated 
with chronic systemic inflammation as 
described above.19 However, physical inactivity   
is also related to chronic inflammation 
independent of obesity. Researchers 
hypothesize that muscle disuse caused by 
inactivity disturbs the release of myokines from 
skeletal muscle affecting immune regulation 
and promoting a proinflammatory pathway.20

Stress: Studies have demonstrated that stress 
activates neuroinflammatory responses in the 

brain. As stress activates the hypothalamo-
pituitary-adrenal (HPA) axis, immune responses 
are normally suppressed through the secretion 
of glucocorticosteroids.21Glucocorticosteroids 
have also been shown to activate the innate 
immune pathways to address danger signals. 
Prolonged and intense stress may thus 
overstimulate the immune system and lead to 
elevated pro-inflammatory cytokines, and 
accumulation of peripheral monocytes and 
macrophages in the brain and peripherally, 
causing chronic inflammation.22 The effect of 
stress on chronic inflammation is multifactorial   
and is still under investigation.

Stress and sleep disorders: Sleep disorders and 
irregular sleep schedules have been associated 
with a greater risk of inflammatory cytokine 
release and chronic inflammation. It is 
hypothesized that sleep disorders are correlated 
with other types of stress and with alterations of 
the circadian rhythm (e.g., in workers with night 
shifts) and the release of glucocorticosteroids.23

Genetic factors: The genetic determinants of 
chronic inflammation have not been elucidated; 
but, for some chronic inflammatory diseases 
such as Crohn’s disease and diabetes type 1, 
shared genome loci have been identified.24 Two 
extensive genome-wide association studies 
have identified 58 loci for chronic inflammation 
related to CRP secretion.25

Gender: The relationship between gender and 
inflammation is well-known. Females are more 
often affected by autoimmune diseases but 
have fewer infections and more circulating 
antibodies. These findings may be associated 
with genes located on the X chromosome which 
are related to the immune system and may be 
overexpressed in females compared to males.26

On the other hand, there are relevant gender 
differences in oxidative stress mechanisms. In 
males, higher levels of ROS and other 
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inflammatory markers have been associated with 
more oxidative cell damage and higher basal 
inflammation, possibly even accounting for 
higher mortality in comparison with females 
whose antioxidant mechanism and specific 
immune responses seem more efficient.27,28

Low sex hormones: In addition to gender 
differences, research has demonstrated that sex 
hormones like testosterone and estrogen may 
suppress the production and secretion of pro-
inflammatory markers. Decreased production of 
sex hormones (e.g., in postmenopausal women) 
is often associated with the onset of 
inflammatory disorders, while maintaining sex 
hormone levels reduces the risk of several 
inflammatory diseases.29

Co-morbidities such as inflammatory 
polyarthritis, inflammatory bowel diseases, other 
autoimmune diseases, diabetes, and cancer   are 
additional triggers and perpetuators of 
inflammationy. 

Allergic disease: Allergic disease is one of the 
most common chronic health disorders, affecting 
about 30% of the world’s population. People with 
a family history of allergies are at risk of 
developing allergic disease. In allergic people, 
exposure to otherwise harmless substances 
(called antigens or allergens) may elicit 
hypersensitivity responses, mediated by 
antibodies, immune complexes, or delayed 
lymphocytic cellular responses attacking the 
antigen. These types of adaptive immunity 
responses have been classified in four 
hypersensitivity classes (Type I-IV Gell and 
Cooms classification) and may result in chronic 
inflammation in cases of persistent or repetitive 
exposure to the allergens. About 4,000 different 
substances have been identified as potential 
allergens. Hypersensitivity to metals, including 
contact dermatitis, constitutes one of the 
prevalent forms of allergy. Sensitization to 

allergenic metals (about 45 of the 92 metal 
elements)30 may generate any of the four types of 
hypersensitivity responses, depending on the 
metal and the route of entry into the body. In 
addition to hypersensitivity reactions, metals may 
be immunotoxins and lead to the development of 
local inflammatory reactions, such as the adverse 
local tissue reactions (ALTR) associated with 
excessive metal wear from orthopedic implants,31

which usually involve innate immune 
mechanisms including the recruitment of 
macrophages rather than lymphocytes.32 

Chronic inflammation in the context of joint 
replacement.

Since joint replacements are subject to repetitive use, 
loading, and weight-bearing, the generation of wear 
products is inevitable. Materials used in orthopedic 
surgery, and more specifically in arthroplasty 
(including different metals, polymers, ceramics, and 
bone cements), will produce particulate debris and in 
some cases metal ions and corrosion products.33

All these byproducts activate the innate immune 
system and even the adaptive immune system in 
patients with hypersensitivity to certain materials, 
usually metals. The development of chronic 
inflammation in the tissues surrounding a joint 
implant is often multifactorial   and may be connected  
to the implant material and its wear products, to the 
surgery, and/or to patient-related risk factors. As 
described above, the role of patient-related risk 
factors in the outcome of a joint replacement cannot 
be underestimated and is receiving more attention in 
the fields of personalized medicine and personalized 
arthroplasty.34 However, the importance of the 
implant material and the surgical technique and 
accuracy must be taken into account. Regarding the 
implant material, extensive fundamental and clinical 
studies have identified different volumetric wear rates 
and wear debris in association with specific bearing 
couples in total joint replacements.35 Determinants of 
the bioreactivity of wear debris (i.e., the potential 

Tackling Chronic Inflammation in Joint Replacement

CeraNews

27



Insights 2 | 2024

immunological reaction to particles, metal ions, and 
even metal corrosion products) include the quantity, 
size, morphology, and chemical composition of the 
particles. These factors are related to the wear 
mechanism, namely the severity, rate, mode, and 
source of the wear.36 Large conventional 
polyethylene wear particles have been associated 
with extensive foreign body reactions and massive 
macrophage recruitment, as well as osteoclast 
activation causing osteolysis.37 In cases of 
excessive wear of metal-on-metal hip implants, the 
smaller metal particles have led to cases of ALTR.38

In addition, the chemical composition of the 
particles and the occurrence of metal ions and 
corrosion products may cause additional toxic 
reactions featuring cell death and tissue necrosis.39

Newer material combinations for articulating 

surfaces, such as crosslinked polyethylene and 
zirconia-toughened alumina, have exhibited much 
less generation of wear particles, resulting in lower 
implant failure and revision rates.40

Regarding the surgical factor, several aspects need 
to be considered. Firstly, every surgical intervention 
causes a tissue injury and will inevitably elicit an 
inflammatory reaction. In normal circumstances this 
inflammatory response is moderate and resolves 
after 2-14 days. In some cases, however, the surgical 
procedure triggers systemic inflammation and/or 
chronic postoperative pain.41 Secondly, in 
arthroplasty, surgical skills and accuracy of implant 
positioning are paramount to preventing articulating 
components’ dislocation, impinging, or exhibiting 
excessive wear. The latter occurs in hip resurfacing 
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Fig. 4: Risk factors for chronic inflammation after TJA. 

The demonstrated risk factors can cause or aggravate the development of chronic inflammation after TJA. 

Figure was created with BioRender.com, 2024. 
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in cases of steep acetabular cup positioning, leading 
to edge-loading on the femoral head, which in turn 
inevitably leads to higher wear-generating particles 
and other wear debris such as metal ions from metal-
on-metal articulations.42 

In cases of high wear with an overload of particulate 
debris following component malpositioning, the 
immune system will not be able to eliminate the 
causative agents, leading to a continuous cytokine 
activation and recruitment of mononuclear 
leucocytes, eventually resulting in chronic 
inflammation, osteolysis, fibrosis, and 
granulomatosis. 

This chronic inflammation is associated with clinical 
symptoms such as pain and dysfunction and possibly 
prosthetic failure. Additionally, dormant bacterial 
biofilms on implant and particle surfaces may be 
activated in the compromised environment and lead 
to a low-grade infection, complicating, and 
perpetuating the chronic inflammation. The 
differences in diagnosis between aseptic chronic 
inflammation and low-grade infection is also 
important regarding the choice of therapeutic 
interventions. While extensive osteolysis, prosthetic 
loosening, or clear-cut periprosthetic infections 
necessitate revision surgery, non-surgical therapeutic 
interventions with osteogenic, cellular, and 
immunotherapeutic agents may be used in the future 
to disrupt the inflammatory vicious cycle and salvage 
an otherwise well-functioning implant.43

Conclusion

From a preventive point of view, several factors are 
paramount: careful surgical technique and implant 
positioning; preference of materials exhibiting low 
wear, low immunogenicity, and low bacterial 
adherence; and potential risk-associated host factors. 
Evidently, patient- risk factors are often interrelated. 
Arthroplasty patient populations’ risk factors for 
chronic inflammation can include advanced age, 
obesity, and low physical activity. They are more 

susceptible to the development of adverse 
inflammatory effects after the implantation of a 
prosthetic joint. During the preoperative and 
postoperative period, patients should be encouraged 
and supported to adopt a healthy lifestyle including a 
balanced diet, weight loss if necessary, and physical 
exercise. The good news is that the arthroplasty itself 
will enhance the patient’s quality of life and enable 
them to establish habits that promote a more active 
lifestyle. Successful hip and knee replacements can 
be life-changing interventions, associated with less 
overall morbidity and lower mortality.44,45

References

1. Chen L, Deng H, Cui H, et al. Inflammatory responses and inflammation-

associated diseases in organs. Oncotarget. 2017;9(6):7204-7218. 

doi:10.18632/oncotarget.23208.

2. Pahwa R, Goyal A, Jialal I. Chronic Inflammation. StatPearls. Treasure 

Island (FL): StatPearls Publishing LLC.; 2024.

3. Khatoon Z, McTiernan CD, Suuronen EJ, Mah TF, Alarcon EI. Bacterial 

biofilm formation on implantable devices and approaches to its treatment 

and prevention. Heliyon. 2018;4(12):e01067. doi:10.1016/j.heliyon.2018.

e01067.

4. Versari A. Nuclear Medicine Imaging in Chronic Inflammatory Diseases. 

Radionuclide Imaging of Infection and Inflammation. Springer; 2013.

Tackling Chronic Inflammation in Joint Replacement

CeraNews

29

Corresponding Author:

Prof. Dr. Catherine Van Der Straeten,  MD, PhD

Consultant Health Innovation and Research  Innovahygea BV

President of the Council of Sciensano,  The Belgian Institute for

Health

Secretary General of the ISTA



Insights 2 | 2024

5. Liu CH, Abrams ND, Carrick DM, et al. Imaging inflammation and its 

resolution in health and disease: current status, clinical needs, 

challenges, and opportunities. Faseb j. 2019;33(12):13085-13097. 

doi:10.1096/fj.201902024.

6. Sanada F, Taniyama Y, Muratsu J, et al. Source of chronic inflammation 

in aging. Front Cardiovasc Med. 2018;5:12. doi:10.3389/

fcvm.2018.00012.

7. Ellulu MS, Patimah I, Khaza'ai H, Rahmat A, Abed Y. Obesity and 

inflammation: the linking mechanism and the complications. Arch Med 

Sci. 2017;13(4):851-863. doi:10.5114/aoms.2016.58928.

8. Khanna D, Khanna S, Khanna P, Kahar P, Patel BM. Obesity: a chronic 

low-grade inflammation and its markers. Cureus. 2022;14(2):e22711. 

doi:10.7759/cureus.22711.

9. Wang T, He C. Pro-inflammatory cytokines: the link between obesity 

and osteoarthritis. Cytokine Growth Factor Rev. 2018;44:38-50. 

doi:10.1016/j.cytogfr.2018.10.002.

10. Margină D, Ungurianu A, Purdel C, et al. Chronic inflammation in the 

context of everyday life: dietary changes as mitigating factors. Int J 

Environ Res Public Health. 2020;17(11):4135. doi:10.3390/

ijerph17114135.

11. Wagenaar CA, van de Put M, Bisschops M, et al. The effect of dietary 

interventions on chronic inflammatory diseases in relation to the 

microbiome: a systematic review. Nutrients. 2021;13(9):3208. 

doi:10.3390/nu13093208.

12. Roth GA, Mensah GA, Johnson CO, et al. Global burden of 

cardiovascular diseases and risk factors, 1990-2019: update from the 

GBD 2019 study. J Am Coll Cardiol. 2020;76(25):2982-3021. 

doi:10.1016/j.jacc.2020.11.010.

13. Bakhru A, Erlinger TP. Smoking cessation and cardiovascular disease 

risk factors: results from the Third National Health and Nutrition 

Examination Survey. PLoS Med. 2005;2(6):e160. doi:10.1371/journal.

pmed.0020160.

14. Lee J, Taneja V, Vassallo R. Cigarette smoking and inflammation: 

cellular and molecular mechanisms. J Dent Res. 2012;91(2):142-149. 

doi:10.1177/0022034511421200.

15. Elisia I, Lam V, Cho B, et al. The effect of smoking on chronic 

inflammation, immune function and blood cell composition. Sci Rep. 

2020;10(1):19480. doi:10.1038/s41598-020-76556-7.

16. Wang HJ, Zakhari S, Jung MK. Alcohol, inflammation, and gut-liver-

brain interactions in tissue damage and disease development. World J 

Gastroenterol. 2010;16(11):1304-1313. doi:10.3748/wjg.v16.i11.1304.

17. Bishehsari F, Magno E, Swanson G, et al. Alcohol and gut-derived 

inflammation. Alcohol Res. 2017;38(2):163-171. 

18. Liu Y, Zhang Z, Han D, Zhao Y, Yan X, Cui S. Association between 

environmental chemicals co-exposure and peripheral blood immune-

inflammatory indicators. Front Public Health. 2022;10:980987. 

doi:10.3389/fpubh.2022.980987.

19. Burini RC, Anderson E, Durstine JL, Carson JA. Inflammation, 

physical activity, and chronic disease: an evolutionary perspective. 

Sports Med Health Sci. 2020;2(1):1-6. doi:10.1016/j.smhs.2020.03.004.

20. Nelke C, Dziewas R, Minnerup J, Meuth SG, Ruck T. Skeletal muscle 

as potential central link between sarcopenia and immune senescence. 

EBioMedicine. 2019;49:381-388. doi:10.1016/j.ebiom.2019.10.034.

21. Liu YZ, Wang YX, Jiang CL. Inflammation: the common pathway of 

stress-related diseases. Front Hum Neurosci. 2017;11:316. doi:10.3389/

fnhum.2017.00316.

22. Kim IB, Lee JH, Park SC. The relationship between stress, 

inflammation, and depression. Biomedicines. 2022;10(8):1929. 

doi:10.3390/biomedicines10081929.

23. Ditmer M, Gabryelska A, Turkiewicz S, Białasiewicz P, Małecka-

Wojciesko E, Sochal M. Sleep problems in chronic inflammatory 

diseases: prevalence, treatment, and new perspectives: a narrative 

review. J Clin Med. 2021;11(1):67. doi:10.3390/jcm11010067.

24. Heap GA, van Heel DA. The genetics of chronic inflammatory 

diseases. Hum Mol Genet. 2009;18(R1):R101-R106. doi:10.1093/hmg/

ddp001.

25. Ligthart S, Vaez A, Võsa U, et al. Genome analyses of >200,000 

individuals identify 58 loci for chronic inflammation and highlight 

pathways that link inflammation and complex disorders. Am J Hum 

Genet. 2018;103(5):691-706. doi:10.1016/j.ajhg.2018.09.009.

26. Trabace L, Roviezzo F, Rossi A. Editorial: sex differences in 

inflammatory diseases. Front Pharmacol. 2022;13:962869. doi:10.3389/

fphar.2022.962869.

27. Casimir GJ, Duchateau J. Gender differences in inflammatory 

processes could explain poorer prognosis for males. J Clin Microbiol. 

2011;49(1):478; author reply 478-9. doi:10.1128/jcm.02096-10.

28. Martínez de Toda I, González-Sánchez M, Díaz-Del Cerro E, Valera G, 

Carracedo J, Guerra-Pérez N. Sex differences in markers of oxidation 

and inflammation. Implications for ageing. Mech Ageing Dev. 

2023;211:111797. doi:10.1016/j.mad.2023.111797.

29. Wei C, Zhang W, Chen J, et al. Systematic analysis between 

inflammation-related index and sex hormones in American adults: cross-

sectional research based NHANES 2013-2016. Front Immunol. 

2023;14:1175764. doi:10.3389/fimmu.2023.1175764.

30. Thyssen JP, Menné T. Metal allergy--a review on exposures, 

penetration, genetics, prevalence, and clinical implications. Chem Res 

Toxicol. 2010;23(2):309-318. doi:10.1021/tx9002726.

31. Van Der Straeten C, Grammatopoulos G, Gill HS, Calistri A, Campbell 

Understanding the Immune Dynamics of Joint Replacement

CeraNews

30



2 | 2024Insights

P, De Smet KA. The 2012 Otto Aufranc Award: the interpretation of metal 

ion levels in unilateral and bilateral hip resurfacing. Clin Orthop Relat Res. 

2013;471(2):377-385. doi:10.1007/s11999-012-2526-x.

32. Roach K, Roberts J. A comprehensive summary of disease variants 

implicated in metal allergy. J Toxicol Environ Health B Crit Rev. 

2022;25(6):279-341. doi:10.1080/10937404.2022.2104981.

33. Nine MJ, Choudhury D, Hee AC, Mootanah R, Osman NAA. Wear debris 

characterization and corresponding biological response: artificial hip and 

knee joints. Materials (Basel). 2014;7(2):980-1016. doi:10.3390/

ma7020980.

34. Vendittoli PA, Riviere C, Hirschmann MT, Bini S. Why personalized 

surgery is the future of hip and knee arthroplasty: a statement from the 

Personalized Arthroplasty Society. EFORT Open Rev. 2023;8(12):874-882. 

doi:10.1530/eor-22-0096.

35. Sonntag R, Reinders J, Kretzer JP. Bio-Tribological Demands. In: 

Sonntag R, Kretzer JP, eds. Materials for Total Joint Arthroplasty. World 

Scientific; 2016:1-13.

36. Billi F, Benya P, Kavanaugh A, Adams J, Ebramzadeh E, McKellop H. The 

John Charnley Award: an accurate and sensitive method to separate, 

display, and characterize wear debris: part 1: polyethylene particles. Clin 

Orthop Relat Res. 2012;470(2):329-338. doi:10.1007/s11999-011-2057-x.

37. Yin Z, Gong G, Liu X, Yin J. Mechanism of regulating macrophages/

osteoclasts in attenuating wear particle-induced aseptic osteolysis. Front 

Immunol. 2023;14:1274679. doi:10.3389/fimmu.2023.1274679.

38. Eltit F, Wang Q, Wang R. Mechanisms of adverse local tissue reactions 

to hip implants. Front Bioeng Biotechnol. 2019;7(176):eCollection 2019. 

doi:10.3389/fbioe.2019.00176.

39. Billi F, Campbell P. Nanotoxicology of metal wear particles in total joint 

arthroplasty: a review of current concepts. J Appl Biomater Biomech. 

2010;8(1):1-6. 

40. Smith P, Gill D, McAuliffe M, et al. Hip, Knee and Shoulder Arthroplasty: 

2023 Annual Report Australian Orthopaedic Association National Joint 

Replacement Registry. 2023. 

41. Thapa P, Euasobhon P. Chronic postsurgical pain: current evidence for 

prevention and management. Korean J Pain. 2018;31(3):155-173. 

doi:10.3344/kjp.2018.31.3.155.

42. Amstutz HC, Le Duff MJ, Johnson AJ. Socket position determines hip 

resurfacing 10-year survivorship. Clin Orthop Relat Res. 

2012;470(11):3127-3133. doi:10.1007/s11999-012-2347-y.

43. Goodman SB, Gallo J, Gibon E, Takagi M. Diagnosis and management 

of implant debris-associated inflammation. Expert Rev Med Devices. 

2020;17(1):41-56. doi:10.1080/17434440.2020.1702024.

44. Cnudde P, Rolfson O, Timperley AJ, et al. Do patients live longer after 

THA and is the relative survival diagnosis-specific? Clin Orthop Relat Res. 

2018;476(6):1166-1175. doi:10.1007/s11999.0000000000000097.

45. Palazzuolo M, Antoniadis A, Mahlouly J, Wegrzyn J. Total knee 

arthroplasty improves the quality-adjusted life years in patients who 

exceeded their estimated life expectancy. Int Orthop. 2021;45(3):635-641. 

doi:10.1007/s00264-020-04917-y.

Tackling Chronic Inflammation in Joint Replacement

CeraNews

31



Clinical Outcomes 2 | 2024

ComplexHipSurgery.com is a comprehensive free educational resource for surgeons, patients and techno-
logists. It began as a face-to-face international surgical course run by professor Alister Hart and Johann 
Henckel. 

Professor Hart has been a consultant orthopaedic hip surgeon since 2006 and in 2009 was nicknamed the 
“hip detective” by the BBC for his work on treating painful hip replacements. This website is a collection of 
cases involving Professor Hart’s patients with hip problems. 90% of his NHS referrals are from other 
consultant orthopaedic surgeons to him at the Royal National Orthopaedic Hospital NHS Trust. He also 
receives private referrals from GPs, physios and other surgeons to him at Cleveland Clinic London. Over the 
years a whole range of new technologies have been incorporated into the care complex hip problems. 

Today, Professor Hart uses 3-D imaging to plan every operation. By doing this homework before the 
operation he is able to take on more complex cases with greater certainty of an excellent outcome. He uses 
3-D printed models to assess the complexity before the operation, 3-D printed Guides to position the 
implants optimally and 3-D printed implants when the shapes are complex and he wants to minimise 
removal of bone.

Key Areas of The Cases:

Implant Failures: Research focuses on identifying the causes of implant failures, including wear, loosening, 
and hypersensitivity reactions like ALVAL.

Surgical Techniques: Exploration of innovative surgical methods for revision and reconstruction.

Patient Outcomes: Studies assess the impact of surgery on patients' quality of life and functional outcomes.

Implant Retrieval Centers: These facilities analyze failed implants to understand the causes of failure and 
provide recommendations for improved designs.

About Complex Hip Surgery
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Prof. Alister Hart has contributed significantly to this field, 
leading initiatives like the London Implant Retrieval Centre, which 
offers data-driven insights into implant performance  (RNOH NHS)   
(Cleveland Clinic) . His research emphasizes the importance of 
comprehensive analysis and dissemination of findings to 
enhance clinical practice globally.
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Even though orthopedic implants have a good biocompatibility, adverse local tissue reactions (ALTRs) can 
occur. Historically, ALTRs were first associated with failed metal-on-metal (MoM)1, 2 bearings and were 
recorded as early as 19883. However, ALTRs have also been described with other implant modifications such 
as metal-on-polyethylene (MoP)4, ceramic-on-polyethylene (CoP)5, ceramic-on-ceramic (CoC)6 and ceramic-
on-metal (CoM)7, disproving the hypothesis that ALTRs are only caused by MoM bearings, emphasizing the 
complexity of this clinical topic.

The terms pseudotumor, aseptic lymphocyte-dominated vasculitis-associated lesions (ALVAL), trunnionosis 
and metallosis have been interchangeably used in the literature to describe ALTRs in the clinical setting8. A 
pseudotumor describes the presence of benign aseptic masses and bursae, whereas ALVAL is a histologic 
description for a specific tissue appearance. Trunnionosis refers to tribocorrosion damage at the femoral 
head-neck junction, whereas metallosis describes the stained appearance of the joint capsule and 
periprosthetic tissues due to large amounts of metal debris,8,9. The term adverse reaction to metal debris 
(ARMD) is a subset of ALTR but only refers to adverse reactions to metallic debris8. However, all the above 
listed terms are primarily descriptive terms from evidence-based observations in the clinical setting but 
cannot be validated as clinical coding systems for specific diagnoses of ALTR-related revision surgeries.

Based on major national arthroplasty registries, ALTR in periprosthetic soft- and bone tissue can be defined 
as an inflammatory tissue reaction, which is often accompanied by aseptic loosening and osteolysis of the 
periprosthetic bone. The development of ALTRs can be multifactorial but is mostly associated with the 
implant material itself and with the presence of corrosion- and implant wear particles in periprosthetic tissue. 
Cellular responses to wear and corrosion particles in periprosthetic tissue are driven by either the innate or 
adaptive immune system, leading to chronic tissue inflammation. Implant wear particles activate 
macrophages, which form multinucleated foreign body giant cells and trigger an inflammatory tissue 
response, leading to the migration of further immune cells, especially lymphocytes in the state of chronic 
inflammation. In addition, T lymphocytes have been described to trigger a delayed type IV hypersensitivity 
reaction to metal debris. Other factors such as surgical procedures and patient-related factors may further 
favor and/or exacerbate the development of ALTR10-12. 

The development of ALTRs in periprosthetic tissues is multifactorial, and the underlying causes and 
mechanisms are often complex and difficult to understand. The presence of implant debris and metal 
corrosion products is usually, but not exclusively the cause for the development of chronic inflammation and 
ALTRs. The choice of implant material is crucial but does not guarantee the prevention of ALTRs. Furthermore, 
the usage of implant modifications with different materials further complicates the prediction of ALTR 
development. Moreover, because there is no consensus on the definition and terminology of ALTRs, their 
clinical diagnosis and the decision for revision surgery are difficult to make. Additionally, tissue inflammation 
and intoxication as well as severe osteolysis pose a major clinical challenge for the revision surgeon.  

This article presents three case reports of ALTRs with different implant materials and modifications that 
demonstrate the complexity of ALTRs and the clinical challenges for the revision surgery.  

Clinical challenges of ALTRs caused by orthopedic implants 
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The story

The patient, a 49-year-old woman, underwent metal-on-metal (MoM) hip resurfacing procedure in 2001 due 
to a unilateral hip dysplasia (DDH). 17 years later, she presented with mild hip pain but extensive loss of bone 
in the pelvis which was presumably caused by an inflammatory reaction to metal wear debris. Her blood 
metal ion levels were 100 times higher (cobalt 188 bbp and chromium 126 bbp) than from patients with well-
functioning MoM hips. 

Clinical challenge

The case posed multiple challenges. The patient was at imminent risk of pelvic fracture without surgery. 
However, surgery itself also risked fracture of the pelvis during implant removal. Furthermore, the remaining 
pelvic bone was poisoned by metal debris and thus the patient’s bone integrity was compromised, which 
could affect the stability of a new implant.  

Investigation & Diagnosis

Detailed imaging, including plain radiographs and MRI, revealed extensive osteolysis and muscle wasting 
around the hip. 

Surgical plan

A multidisciplinary team decided that revision surgery was necessary due to the risk of fracture and very high 
metal ion levels. The plan involved removing the existing MoM implant and fitting a custom 3D-printed 
acetabular cup. The procedure required meticulous care to avoid causing fractures during implant removal. 
The new cup would only be effective if the pelvis remained intact.

Case 1: Revision of a Metal-on-Metal (MoM) hip
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Fig. 1: Anteroposterior plain radiograph 

demonstrates radiographic features of osteolysis 

around the acetabular and femoral components.

Fig.2: 3D construction showing the hemipelvic defect.
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Outcome

The operation was successful, with minimal bone loss during implant removal. A custom-made titanium 
acetabular cup was fitted and stabilized with screws. Postoperative imaging confirmed correct implant 
positioning and satisfactory fixation. The patient’s recovery was positive, with significant reductions in metal 
ion levels and the restoration of pain-free hip function. 

Conclusion

This case represents ALTR with MoM, which was characterized by extensive osteolysis of pelvic bone, which 
was presumably caused by metal wear debris. Elevated blood levels of chromium and cobalt further 
supported this hypothesis. 
This case demonstrates the importance of precise surgical planning and execution in complex hip revision 
surgeries. The use of 3D-printed implants tailored to the patient's anatomy greatly improved the chances of 
successful fixation despite significant bone loss. Update at 6 years post operative is that the patient living a 
full and active life with excellent hip function. More details about this type of surgery has been published by 
Professor Hart:

Di Laura, Anna PhD; Henckel, Johann MD; Hart, Alister FRCS(Orth)a. Custom 3D-Printed Implants for Acetabular Reconstruction: 
Intermediate-Term Functional and Radiographic Results. JBJS Open Access 8(2):e22.00120, April-June 2023. | DOI: 10.2106/JBJS.
OA.22.00120

Source: Revision of a metal on metal hip with massive acetabular osteolysis and previous femoral osteotomy 
using a custom 3D-printed cup in a mid-life woman — Complex Hip Surgery -  CASE 10     

Case 1: Revision of a Metal-on-Metal (MoM) hip 
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acetabular implant design around the patient’s 

bony anatomy.

Fig. 3: Anteroposterior plain radiograph taken at one year 

after the operation. No evidence of implant migration.
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The story

This case involves a 67-year-old gentleman who faced a series of complications due to hip trauma he had 
experienced over 50 years ago. After his primary and revision surgeries, and subsequent three hip 
replacements, he was left with a failing hip implant. His most recent hip replacement lasted 13 years before 
massive circumferential acetabular osteolysis caused the cup to loosen. Imaging revealed anterior and 
medial wall deficiencies, while the posterior column remained intact. The patient had a metal-on-
polyethylene (MoP) bearing, which over time led to the wear of the polyethylene liner, triggering an 
inflammatory reaction and bone loss due to polyethylene debris. 

Clinical Challenge

The loosening of the acetabular cup was exacerbated by the significant osteolysis, which had severely 
compromised the structural integrity of the acetabulum.

Investigation & Diagnosis

Imaging, including preoperative radiographs and CT scans, revealed the extent of acetabular migration and 
bone loss. A 3D reconstruction showed a complete loss of the medial acetabular wall, leading to a diagnosis 
of a Paprosky 3B acetabular defect. 

Case 2: Revision of a Metal-on-Polyethylene (MoP) hip
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Fig. 2: 3D reconstruction of patient’s right hemipelvis 

created from CT scans. Complete loss of the medial 

acetabular wall was observed. 

Fig. 1: Pre-operative radiograph demonstrating 

the medial migration of the acetabular cup into 

the pelvis
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Surgical Plan

The surgical plan required a custom 3D-printed acetabular cup, designed specifically for the patient's 
anatomy. The implant was designed with three flanges for optimal fixation. The surgery involved a posterior 
approach, with meticulous bone preparation to minimize further bone loss and ensure the custom implant fit 
securely.

Outcome

The surgery was a success, with the patient able to mobilize with a single crutch and resume exercising nine 
months postoperatively. Postoperative imaging confirmed excellent positioning of the implant with 
successful bone integration and the restoration of leg length. 

Conclusion

This case represents ALTR with MoP. ALTR was characterized by massive osteolysis of the pelvic bone, which 
was most likely caused by polyethylene wear debris. This case underscores the complexity of revision hip 
surgeries and highlights the value of custom 3D-printed implants for achieving secure fixation and improving 
patient outcomes despite significant bone loss. Update at 7 years post operative is that the patient has 
excellent hip function and more can be seen in this paper: 

Durand‐Hill, M., Henckel, J., Di Laura, A., & Hart, A. J. (2020). Can custom 3D printed implants successfully reconstruct massive 
acetabular defects? A 3D‐CT assessment. Journal of Orthopaedic Research®, 38(12), 2640-2648.5. https://doi.org/10.1002/
jor.24752

Source: Revision of a loose cup due to massive circumferential acetabular osteolysis from polyethylene 
wear, using a custom 3D-printed cup - Complex Hip Surgery - CASE 15

Case 2: Revision of a Metal-on-Polyethylene (MoP) hip
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Fig. 3: 3D reconstruction of implant design. The 

design has three flanges, one to the ischium, one 

to the pubic bone and one to the iliac crest. 

Fig. 4: 6 weeks post operation radiograph. 

No migration present on the radiograph
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The story

A middle-aged patient came to the clinic with severe pain and limited mobility in his left hip. Previously, he 
had undergone bilateral hip replacements that included modular necked femoral stems with ceramic-on-
ceramic (CoC) bearings. However, the modular design led to corrosion between the titanium femoral stem 
and the cobalt-chromium neck, causing metal debris and an adverse tissue reaction in his left hip. 

Clinical Challenge 

The challenge was in addressing the corrosion-related inflammation without exacerbating the damage to the 
surrounding bone, as the femoral stem was well fixed. Unlike cases with pseudotumors, the patient’s 
problem originted from metal debris due to the interaction of different alloys in the modular components. 

Investigation & Diagnosis

Imaging studies confirmed the presence of metal debris and inflammation around the implant, particularly 
affecting the left hip. Despite the ceramic-on-ceramic bearing being intact, the corrosion at the modular 
junction between the neck and the stem was the main culprit. The diagnosis was an adverse reaction to 
metal debris, secondary to modular neck corrosion. 

Case 3: Revision of a Ceramic-on-Ceramic (CoC) hip
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Fig. 1: Anteroposterior plain radiograph 

demonstrating bilateral hip replacement with 

modular necks. No radiographic evidence of 

stem loosening on either side
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Surgical Plan

The surgical plan involved removing the well-fixed stem with minimal bone loss. The surgeons aimed to use 
a Corail primary stem to preserve the femoral bone stock. The modular neck junction was carefully 
disassembled using flexible osteotomes to prevent further damage. 

Outcome

The surgery was successful, and at his six-week follow-up, the patient reported pain-free mobility and had 
resumed his daily activities. Imaging showed that the new primary stem had successfully integrated with the 
bone. At the two-year follow-up, the patient had a well-functioning hip, with no complications and clear 
evidence of bone growth around the implant, confirming the efficacy of the surgical approach.

Conclusion

This case represents ALTR with CoC. ALTR was characterized by tissue inflammation and extensive fluid 
accumulation around the ceramic implants. However, ALTR was not caused by the ceramic implant but by 
corrosion, which occurred between the titanium femoral stem and the cobalt-chromium neck. 

Source: Revision of a well-fixed femoral stem with adverse reaction to metal debris from modular neck 
corrosion, using a non-modular stem — Complex Hip Surgery - CASE 24      

Case 3: Revision of a Ceramic-on-Ceramic (CoC) hip
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Fig, 2: Anteroposterior plain radiograph of the pelvis 

taken two years after the left revision procedure. 

Radiographic evidence of osseointegration 

surrounding the left sided Corail stem was present.
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