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Idiopathic progressive condylar  
resorption 

Question
What are the clinical signs and pos -
sible causes of idiopathic progressive 
condylar resorption?

Background
The term „idiopathic progressive 
condylar resorption“ has appeared in 
literature since the late 1990s [38]. It 
is a rare disease that involves the re-
sorption of the mandibular condyle 
and it is accompanied by a progres -
sive change of the bite position to-
wards an Angle Class II [2, 3, 30, 46]. 
In the majority of cases, both con-
dyles are affected [49]. The patient 
group consists mainly of young 
women subsequent to orthodontic or 
surgical treatment. The average age is 
20.5 years [2].

Two forms of idiopathic condylar 
resorption can be distinguished:
• after the end of condylar growth in 

adulthood,
• during the growth phase in adoles-

cents in which the growth rate of 
the condyle is restricted.

As seen on an X-ray, the mandibular 
condyle shows changes superiorly or 
anterior-superiorly (Fig. 1), but other 
condylar areas may also be affected. 
In the course of the disease, the 
shape of the condyle flattens; more 
pointed shapes are also found. On 
the other hand, the progressive de -
struction of the entire bone and an 
inflammatory infiltrate (articular ef-
fusion), which are typical of rheuma-
toid arthritis, as well as, typical repair 
processes with sclerosis, osteophytes 
(duckbill shape), or subcortical cysts, 
which are common in spondylitis 

and psoriatic arthritis are rarely 
found [49]. Wolford estimates the 
condylar height loss to be approxi-
mately 1.5 mm/year [46]. However, 
the resorption of the condyle at the 
level of the condylar neck seems to 
come to a standstill in the course of 
the disease. As the overall height of 
the ascending mandibular ramus is 
reduced by resorption, the occlusal 
surfaces of the distal molars occlude 
prematurely during jaw closure. This 
premature contact acts like a lever 
arm; it opens the bite anteriorly and 
increasingly shifts the mandible to-
wards an Angle Class II, or distocclu-
sion [49] (Fig. 2). The clinical symp-
toms described by the patients vary. 
In addition to pain in the immediate 
area of the affected joint, patients 
complain about discomfort in the 
masticatory muscles and joint 
sounds. Cracking sounds due to disc 
displacement are present in some 
cases, as are crepitation noises.

With respect to the differential di-
agnosis of idiopathic condylar resorp-
tion, it is distinguished from:
• bite openings due to parafunctions 

in the context of „bad habits“ such 
as thumb-sucking or malfunctions 
of the tongue,

• bite openings due to wearing 
splints with an anterior bite block 
(anterior bite splints),

• bite openings in the context of ad-
vanced periodontitis („flaring“), 

• congenital syndromes with condy-
lar hypoplasia, e.g. Goldenhar syn-
drome [9], Treacher-Collins syn-
drome [1], or acrofacial dysostosis 
[14],

• iatrogenic bite openings, e.g. tem-
porary in the course of orthodon-
tic therapy,

• juvenile arthritis – patients 
< 16 years of age with fever, skin 
rash, arthritis, and mostly negative 
rheumatoid factors [35],

• osteoarthritis and rheumatic dis-
eases [42],

• osteoarthritis of the temporoman-
dibular joints (no origin in rheu-
matic disease),

• rachitic open bite (vitamin D defi-
ciency),

• tumor diseases.
The diagnosis is based on a diagnosis 
of exclusion (collaboration with 
rheumatologists, internists [endocri-
nologists], and other specialists), im-
aging, medical history, and collected 
clinical findings. MRIs or CT scans 
help to assess the extent of resorption 
in three dimensions. The estimation 
of the activity of the resorption pro-
cess can be visualized using radio-
nuclides (technetium methylene di -
phosphate, 99mTC-MCP) in single 
photon emission computed to-
mography (SPECT). This method 
requires a very strict indication in 
adolescent patients due to a radiation 
exposure of around 4–6 mSV [38]. 

Etiology
The etiology of idiopathic condylar 
resorption is to a large extent unclear 
[2, 49]. The spectrum of possible 
causes includes all possible distur -
bances in bone metabolism and it 
ranges from endocrine, hormonal or 
systemic diseases to mechanical stress 
factors which influence the tempo-
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romandibular joint. These various 
potential causes are discussed in 
more detail below.

Endocrine diseases
Endocrine diseases, nutritional defi-
ciencies (anorexia nervosa), infec-
tious diseases, cardiovascular diseases 
with vascular involvement, excessive 
physical stress as well as autoimmune 
reactions lead to various vascular 
dam ages and vasculitides. Such vas-
cular changes also affect the blood 
supply to the condylar bone and can 
lead to inflammatory metabolic 
states in bone and cartilage.

The possible hormonal influences 
that are considered in relation to 
idiopathic condylar resorption are:
• corticosteroids,
• estrogens,
• parathyroid hormone (hyperpara-

thyroidism),
• prolactin.

Hyperparathyroidism
Hyperparathyroidism, which is the 
excessive production and release of 
parathyroid hormone by the parathy-
roid glands, is considered to be a 
possible cause of idiopathic condylar 
resorption in literature [2]. However, 
it is unclear why this process would 
only affect the condyles of the tem-
poromandibular joint in isolation 
and not other bone areas in the body. 
In the case of hyperparathyroidism, 
parathyroid hormone leads to an in-
creased expression of the RANK li -
gand (RANKL, Receptor Activator of 
Nuclear Factor kappa B ligand) at the 
cell surface of osteoblasts and osteo-
cytes or to its release as soluble 
RANKL. This RANK ligand binds to 
the RANK receptor of osteoclast pre-
cursor cells (preosteoclasts), which 
initiates their differentiation into ma-
ture, active osteoclasts that attach to 
the bone surface. So-called integrins 
in the cell membrane help to form a 
closed reaction space for the degrada-
tion of the inorganic and organic 
bone substance, the so-called How-
ship lacuna (Fig. 3). In this space, the 
pH is lowered by means of proton AT-
Pases and the hydroxyapatite of the 
bone is dissolved [26]. The freed cal-
cium and phosphate ions are released 
into the bloodstream. The release of 
antagonistic scavenger receptor, os-

teoprotegerin (OPG), by osteoblasts, 
among others, which binds to 
RANKL, can inhibit the binding of 
RANKL to the RANK receptor and 
thus regulate osteoclastogenesis (Fig. 
3).

Corticosteroids
High corticosteroid levels deminer -
alize bone. They stimulate the ex-
pression of RANKL (Receptor Acti-
vator of Nuclear Factor kappa B li -
gand) by osteoblasts (Fig. 3) and si -
multaneously inhibit osteoprotegerin 
release. As a result, the osteoblast 
population decreases and the number 
of osteoclasts increases. The effect of 
corticosteroids therefore occurs indi-
rectly due to osteoblast inhibition 
[26].

Furthermore, corticosteroids regu-
late various metalloproteinases (col-
lagenases), which cleave the collagen 
fibrils of the bone matrix and lead to 
a reduction of the bone matrix. The 
missing matrix can no longer be min-
eralized [11]. In osteoblasts, cortico -
steroids counteract the growth factor 
IGF-1 (insulin-like-growth-factor-I). 
IGF-1 stimulates the synthesis of 
type I collagen in the bone matrix as 
well as the mineralization of the ma-
trix [11].

Apparently, corticosteroids which 
are applied directly into the joint can 
initially “repair” the cartilage micro-
structure to some extent. However, 
after 14 days of therapy with dexa -

methasone, for example, thinned  
collagen fibers with a very diffuse 
fiber structure are seen in animal ex -
periments [7, 19]. These structural 
changes in collagen fibers are more 
extensive when dexamethasone is ap-
plied than in untreated osteoarthritis 
[19]. Possible damage to cartilage and 
chondrocytes depends on the dose 
and frequency of corticosteroid ad-
ministration as well as on the type of 
corticosteroid [7].

Figure 1 X-ray imaging of idiopathic condylar resorption. (Overall photo) Ortho -
pantomogram of a patient with idiopathic condylar resorption. Blue frame: The X-ray 
on the right shows a section of the right mandibular condyle with anterior resorption  
of the condylar neck. 

Figure 2 Lateral cephalometric X-ray  
of a patient with idiopathic condylar  
resorption. Although the molars are in 
occlusion, skeletal open bite is present in 
the anterior region.
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Prolactin
Prolactin is discussed as being an-
other hormone that is responsible for 
the development of condylar resorp-
tion. [2]. The pituitary gland controls 
prolactin secretion. It is closely as-
sociated with estrogen metabolism. 
Prolactin stimulates the function of 
immune cells such as lymphocytes 
and macrophages, as well as, the re-
lease of cytokines, which in turn are 
involved in the breakdown of carti-
lage and bone.

Estrogens
Disturbances in estrogen metab-
olism can also play a role in the eti-
ology of idiopathic condylar resorp-
tion. Based on studies performed on 
the great apes, it is known that fe-
male animals have more estrogen 
receptors in the region of the tem-
poromandibular joint, whereas 
males have fewer [29]. This fits the 
observation made by Tsai [44]; in 
the synovial fluid of inflamed knee 
joints, estrogen and estrogen recep-
tors are found more frequently than 
in healthy joints. Estrogens inhibit 
the synthesis of cartilage cells and, 

at the same time, promote the pro-
duction of enzymes that degenerate 
the bone and cartilage matrix.

Systemic diseases
Included among the possible systemic 
diseases which can be associated with 
idiopathic condylar resorption are:
• psoriatic arthritis,
• rheumatism,
• spondylopathies,
• other autoimmune diseases.
Many of these diseases can be iden -
tified by specific markers in the 
blood. As illustrated above, the rheu-
matic disease forms mostly show 
other radiological manifestations; at 
present, it must therefore be assumed 
that idiopathic condylar resorption 
represents an independent clinical 
picture.

Mechanical causes
An important and possible chain of 
causation which can lead to the de-
velopment of idiopathic condylar re-
sorption are mechanical stress com-
ponents such as:
• a change in occlusion (orthodon-

tics, prosthetics),

• parafunctions which damage the ar-
ticular surfaces through mechanical 
load,

• traumas.
Mechanical stress is considered to be a 
possible cause of joint changes. The ar-
ticular surfaces of physiologically func-
tioning temporomandibular joints are 
largely load-free [6]. This is necessary in 
order to ensure that the ability of hu-
mans to speak through rapid, con-
stantly changing movements of the 
lower jaw is retained. We know from 
animal experiments that a (normal) 
mechanical loading of the joint surfaces 
reduces or prevents the production and 
release of proteolytic enzymes in joints. 
Conversely, inactivity of a joint leads to 
the degradation of the articular cartilage 
[31]. Normal mechanical loading “pro-
tects” the joint surfaces.

Inflammatory processes in the 
temporomandibular joint can orig-
inate from 3 types of tissue: from car-
tilage, bone and cell structures of the 
synovial membrane. 

Articular cartilage
The temporomandibular joint con-
tains hyaline cartilage on the condy-

Figure 3 Schematic of osteoclast activation. RANKL = receptor activator of nuclear factor-κB-ligand; OPG = osteoprotegerin;  
CathK = cathepsin K; MMP 9 = matrix metallopeptidase 9; VDR = nuclear vitamin D receptor; BMP = bone morphogenetic protein; 
SMADs comprise a family of proteins that are signal transducers for TGF-ß signaling; Schnurri: key regulator of osteoblasts;  
SMURF = SMAD3 specific E3 ubiquitin protein ligase; EBF is a transcription factor of early B-cells of a protein coding gene
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lar process, in the mandibular fossa 
of the temporal bone and on the ar-
ticular tubercle (Fig. 4a). The cartilage 
cells are scattered throughout the in-
tercellular substance. The articular 
disc, on the other hand, consists of 
collagenous or fibrous cartilage (Fig. 
4b). Unlike tissue structures, in which 
the cell walls lie close together, an 
extracellular matrix surrounds chon-
drocytes. In this way, each cell is sep-
arated from its neighboring cell. Both 
the cartilage capsule as well as the 
extracellular matrix are reinforced 
with fibrous structures. The magni-
tude of the load on the articulating 
surfaces determines the density and 
fiber reinforcement. A superficial fi-
brous layer with fibers arranged par-
allel to the articular surface, an inter-
mediate layer having a fiber orien-
tation in diverse spatial directions 
and a deep layer whose fibers run ver-
tical to the articular surface and 
sprout into the mineralized subchon-
dral zone of the bone can be distin-
guished [24]. Elastins, proteoglycans, 
hyaluronate and non-collagenous 
glycoproteins are the most important 
components of the extracellular ma-
trix. Hyaluronic acid forms a scaffold 
to which proteoglycans with carbo-
hydrate side chains attach to like 
plumage. Due to their hydrophilic 
character, the proteoglycans bind 
much water and, owing to their poly-

ionic structure, sodium, potassium, 
calcium and magnesium as well. 
Under load, the hydrophilic (fluid-
rich) structures distribute the forces 
in the cartilage evenly, much like a 
cushion. Collagen fibers are inter-
calated between the proteoglycans 
for stabilization. The so-called non-
collagenous proteins of the extracel-
lular matrix include fibronectins and 
laminins among others. Fibronectins 
have the function of connecting to-
gether collagen fibrils. Special het-
erodimeric transmembrane proteins 
such as the classical fibronectin re-
ceptor α5β1 bind fibrinonectin frag-
ments (in the case of damages) and 
trigger growth factor gene expression 
via signal transduction in the chon-
drocyte. Laminins provide binding 
sites for collagen and glycosamines in 
the basement membrane region.

Cartilage cells develop differently 
depending on their future area of 
function. For instance, cartilage cells 
in the extremities progress through 
different developmental stages (Fig. 
5). Initially, these cells form a carti-
lage matrix with type II collagen and 
proteoglycans. Afterwards, the cells 
mature into hypertrophic chondro-
cytes and express type X collagen. 
Finally, the hypertrophic chondro-
cytes differentiate. They secrete 
metalloproteinase-13 (MMP-13) so 
that the cartilage matrix is degraded 

and increasingly replaced by bone 
substance. In this way, piece by piece, 
the cartilage is transformed into 
bone. In contrast to the chondrocyte 
forms described above, the chondro-
cytes of articular cartilage exhibit a 
low turnover rate. They do not par-
ticipate in the maturation process de-
scribed above up to the point of ossi-
fication. Rather, they acquire a flat 
spindle-shaped form and store col-
lagen types I, IX and X in the matrix 
(Fig. 5). Due to a high proportion of 
proteoglycans, the extracellular ma-
trix is hydrated. Thereby, the carti-
lage cells function like a cushion 
under load and they facilitate fric-
tionless sliding of the joint surfaces 
[48].

In the case of osteoarthritis, the 
special cells of articular cartilage 
undergo the stages of further matu-
ration irregularly and, consequently, 
of later extracellular matrix degener-
ation. Processes similar to those of 
enchondral ossification take place 
afterwards (Fig. 5). This results in a 
loss of articular cartilage and the 
formation of osteophytes.

Cartilage responds to physiologi-
cal mechanical load by increasing 
metabolism through mechanotrans-
duction. Mechanosensitive ion chan-
nels and receptors such as integrins, 
among others, are involved in regis-
tering the changes. Under tensile 

Figure 4 Characteristics of cartilage cells of the temporoman-
dibular joint: a) Cartilage cells with matrix. Hyaline cartilage in 
the cartilage layer of the mandibular fossa of the temporal bone. 
b) Fibrous cartilage of the articular disc. The collagen fibers are 
clearly visible.

(F
ig

. 4
a,

 b
: f

ro
m

 B
. M

ie
he

; I
ns

tit
ut

e 
of

 A
na

to
m

y 
an

d
 C

el
l B

io
lo

g
y,

 

U
ni

ve
rs

ity
 o

f G
re

ifs
w

al
d

)

 a)

 b)

MINIREVIEW



8

© Deutscher Ärzteverlag | DZZ International | Deutsche Zahnärztliche Zeitschrift International | 2021; 3 (1)

load, integrins and mechanosensitive 
ion channels promote the release of 
interleukin 4 and 10 (IL-4, IL-10) (Fig. 
6). These interleukins increase the 
production of aggrecan (aggrecan 
binds H2O and gives cartilage its 
„shock-absorbing function“) and 
simultaneously reduce the expres-
sion of matrix metalloproteinase-3 
(MMP-3, collagen-dissolving) as well 
as the transcription of NF-κB (nuclear 
factor „kappa-light-chain-enhancer“ 
of activated B-cells). Furthermore, 
IL-4 and IL-10 inhibit the expression 
of interleukin 1 (IL-1) and tumor ne-
crosis factor α (TNF-α) [31] (Fig. 6). A 
joint which performs physiological 
movements is thus „metabolically 
protected“. Diseased joints also bene-
fit from this. In osteoarthritic joints, 
regular exercise increases the ex-
pression of IL-10 and promotes „heal-
ing“ of the joint surfaces [4,31]. 

Trauma and non-physiological 
stress on articular cartilage surfaces 
are manifested, among other things, 
by the appearance of fragments of, 
for example, collagen or fibronectin. 
With the help of phagocytic cells, the 
so-called A cells of the synovial mem-

brane (s. below), the joint first at-
tempts to eliminate these fragments. 
In the course of tissue damage, such 
fragments also bind to integrins and 
so-called Toll-like receptors (TLR) 
[23]. Integrins such as the classical fi-
bronectin receptor α5β1 only bind to 
a single protein in the extracellular 
matrix. They cross-link proteins in 
the extracellular matrix on the extra-
cellular side of the cell membrane 
with cytoskeletal proteins and actin 
filaments on the cytoplasmic side 
and mediate signals which are in-
volved in regulating cell growth, cell 
differentiation or even apoptosis. The 
Toll-like Receptor (TLR) is part of the 
innate defense system and it recog-
nizes structures that are found only 
on pathogens/foreign bodies, so-
called PAMPs (Pathogen-Associated 
Molecular Patterns). The TLR controls 
the activation of the antigen-specific 
acquired immune system. In this 
way, NF-κB mediates the release of 
pro-inflammatory cytokines and che-
mokines such as IL-1, IL-6, IL-8, 
TNF-α, and ADAMTS (A Disintegrin 
and Metalloproteinase with Throm-
bospondin motifs) [21] (Fig. 7). This 

release leads to the breakdown of the 
extracellular matrix in the course of 
the disease. Released proteoglycans 
such as decorin, components of col-
lagen fibers such as fibromodulin or 
other components of the extracellu-
lar matrix in turn activate further in-
tegrins and TLR, which then stimu-
late the release of IL-1 and TNF-α and 
trigger nitric oxide and prostaglandin 
E2. Another NF-κB activation path-
way which results in the release of 
IL-6, IL-8, TNF-α, MMP-3, and 
ADAMTS also occurs via receptors for 
glycation end-products which are 
termed RAGE or AGE (Receptor for 
Advanced Glycation End-Products, 
Advanced Glycation End-Products) 
[25, 43]. However, this pathway is 
mainly associated with (natural) 
aging processes and is therefore not 
likely to be considered in young pa-
tients with idiopathic condylar re-
sorption.

Cells of the synovial membrane
In addition to the chondrocytes of 
the articular cartilage and the sub-
chondral bone cells, there are cells of 
the synovial membrane. In the case 

Figure 5 Differentiation of chondroblasts into chondrocytes. Development of chondrocytes during endochondral ossification and  
during specialization into articulating articular cartilage. Wnt (Wingless, Int-1), TNF-β (tumor necrosis factor β); Smad (intracellular 
proteins that relay extracellular TGF-β family signals from TGF receptors to the nucleus), MMP-13 (matrix metallopeptidase-13),  
BMP (bone morphogenetic protein), Col-II, IX, X (collagen type II, IX, X).
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of rheumatoid arthritis, it is consid -
ered with certainty that the origin of 
the autoimmune disease lies in the 
synovial membrane. The inflamma-
tory changes then spread to the sur-
rounding joint structures. 

The inner joint space is bounded, 
on the one hand, by hyaline articular 
cartilage, which covers the mandibu-
lar condyle, the mandibular fossa as 
well as the articular tubercle and, on 
the other hand, by the synovial 
membrane of the joint capsule. The 
joint capsule consists of the fibrous 
membrane and the synovial mem-
brane. The synovial membrane ends 
immediately at the cartilage edges. A 
synovial intimal layer, which is 
oriented toward the inner joint 
space, and a subintimal (subsynovial) 
layer can be distinguished [16]. The 
top layer consists mostly of 3 cell stra-
ta, which can form villi (Villi syno- 
viales) and folds (Plicae synoviales). 
There exist 2 types of cells [18]: Type 
A is a round cell which is said to have 
phagocytic properties. This cell type 
is loosely embedded on the surface 
and it is found between larger fold 
and villus-forming B cells. The B cells 

are partially located in several cell 
layers behind one another and are in 
contact with blood vessels. The job of 
the B cells is to produce and, if 
necessary, modify the synovial fluid 
in the presence of pathological in-
fluences. The B cells are assigned the 
role of producing hyaluronic acids, 
proteins, as well as collagen and  
fibronectin [37, 40], whereas the 
A cells remove cellular debris and 
foreign molecules from the joint 
space. Some authors also describe a 
so-called intermediate type [17]. This 
is based on the idea that cell types A 
and B can merge together. At present, 
it is assumed that around three 
quarters of synovial cells are B cells 
[33]. 

Synovial fluid is a blood-plasma 
dialysate. It differs from blood serum 
mainly through its composition of 
proteins and hyaluronic acids. Hyalu-
ronic acid is a dimeric molecule of 
D-glucuronic acid and N-acetyl-
D-glucosamine. The functions of hya-
luronic acid are, on the one hand, to 
ensure the sliding properties of the 
joint surfaces and to nourish the car-
tilage components; on the other 

hand, it is to regulate oxidative cell 
damage, to suppress the release of 
proteoglycans (inflammatory re-
sponse) from cartilage as well as to 
participate in the chemotactic, prolif-
erative, and phagocytic response of 
the joint to inflammatory changes 
[34]. The reported content of hyalu-
ronic acid in synovial fluid is be-
tween 0.35 to 7.6 mg/ml [15]. On 
average, it is assumed to be 2–4 mg/
ml [22].

In addition to hyaluronic acid, 
important components of the syno -
vial fluid are the proteins albumin 
and γ-globulin. Both proteins are in-
creasingly formed in the case of in-
flammatory joint diseases. Yet, only 
about 2 % of hyaluronic acid binds to 
proteins. Thus, its binding to pro-
teins is not responsible for the rheo-
logical properties. Other proteins in 
synovial fluid are fibrinogen, immu-
noglobulin IgM, metalloproteinase 
inhibitor, α2-macroglobulin, and lu-
bricin (glycoprotein). In addition  
to proteins, cytokines, collagens, 
enzymes, proteoglycans, fibronectin, 
uric acid, glucose, Na+-, Cl--ions, li-
pids, and cellular components such 

Figure 6 Processes that preserve and destroy the structure in articular cartilage under load application. IL-10 (interleukin-10),  
MMP-3 (matrix metallopeptidase-3), mRNA of NFκB (messenger ribonucleic acid of nuclear factor kappa B), TNF-α (tumor necrosis 
factor α).
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as lymphocytes, monocytes, phago-
cytes, and leukocytes can be detected 
[15].

In the case of mechanical stress, 
Schröder et al. [39] considered the fi-
broblasts of the synovial membrane, 
which constitute the main part of the 
cellular structures in the synovial 
membrane, as the cause of inflamma-
tory changes. Synovial fibroblasts 
from healthy subjects were found to 
express increased levels of pro-in-
flammatory cytokines such as TNF-α, 
prostaglandin E2, and IL-6 under 
mechanical load. TNF-α blocks pro-
teoglycan synthesis and it is one of 
the most important modulators of in-
flammation in chondrocytes, osteo -
blasts, and synovial fibroblasts. Inter-
estingly, synovial fibroblasts obtained 
from osteoarthritic joints did not 
further upregulate TNF-α, prosta -
glandin E2, and IL-6 under mech-
anical load. This fact can be inter-
preted as follows: the upregulation of 
the abovementioned cytokines seems 
to play a special role only in the ini -
tial period of osteoarthritis, and in 

the course of the disease, other medi-
ators maintain the inflammatory pro-
cess [39]. In the case of inflam-
mation, synovial cells also upregulate 
the release of Wnt5 and activate the 
so-called non-canonical Wnt signal-
ing pathway (Fig. 3). The Wnt signal-
ing pathway is discussed in more de-
tail under the heading „bone“ (see 
below). This process ultimately acti-
vates osteoclasts and drives the de -
struction of the articular surfaces. 
The extent to which pathological 
processes in the synovial membrane 
are to be regarded as the starting 
point of idiopathic condylar resorp-
tion is currently unclear. The radio-
logical findings – rarely joint effu-
sion – tend to speak against it. 

Bone
Disturbances in bone metabolism 
may be considered in the devel-
opment of idiopathic condylar re-
sorption, as bone is another structure 
of the joint. The bone of the mandi-
bular condyle develops from mesen-
chyme through desmal ossification. 

Unlike other cranial bones, such as 
the temporal bone, there are no carti-
laginous base structures in the man-
dibular bone. Articular cartilage also 
forms independently secondary to 
the mesenchyme (as does the articu-
lar disc) and attaches to the bony 
portion of the mandibular condyle 
[5, 28]. 

The so-called progenitor cells  
actively proliferate in bone tissue. 
These are spindle-shaped cells which 
are located in the area of the peri-
osteum, endosteum and in the walls 
of the later Haversian canals. Under 
functional, as well as, under non-
physiological stresses of the bone, the 
progenitor cells differentiate into os-
teoblasts, which are in contact with 
osteocytes via their cytoplasmic pro-
cesses. Osteoblasts possess numerous 
receptors for hormones, cytokines 
and other signaling substances.

Osteoblasts can develop in differ-
ent ways. Some of them remain on 
the bone surface and they slow down 
their synthetic cell activities to be-
come bone lining cells. The other 

Figure 7 Processes and stages of cartilage matrix degradation under nonphysiological load. MMP-3 (matrix metallopeptidase-3), 
PGE2 (prostaglandin E2), ADAMTS (A disintegrin and metalloprotease with thrombospondin-1-like domains), IL-1, IL-6, IL-8 (inter -
leukin-1, 6, 8), TNF-α (tumor necrosis factor α).
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part of the osteoblast population sur-
rounds itself with osteoid. This basic 
organic substance of bone consists of 
type I collagen, proteoglycans, os-
teocalcin, osteonectin and osteopon-
tin as well as various growth factors. 
The osteoid layer is increasingly min-
eralized. Ultimately, the cell cyto-
plasm is integrated into a bone lacu-
na. However, numerous projections 
emanate from there. These projec-
tions have contact with other osteo-
cytes and with the bone canals. Via 
the projections, the „enclosed“ osteo-
cytes always exchange signals with 
the osteoblasts and with the sur-
rounding bone lining cells [24].

In recent years, the molecular 
processes underlying bone homeosta-
sis and bone diseases have been 
further elucidated. The various forms 
of the Wnt/β-catenin signaling path-
way play a special role in head mor-
phogenesis, in the homeostasis of 
bone metabolism and also in the case 
of pathological processes or mech-
anical load on the bone [10, 32] (Fig. 
8). According to Wu et al. [48], any 

disturbance that affects the physio-
logical function of the Wnt/β-catenin 
signaling pathway leads to dysregu-
lations of osteoblast and chondrocyte 
function with changes in bone mass 
and degenerative joint disease.

At the level of mesenchymal cells, 
the Wnt signaling pathway inhibits 
the differentiation of these cells into 
chondrocytes or fat cells and pro-
motes osteogenesis. The Wnt path-
way further stimulates osteogenesis 
by expressing the Runx2 gene and by 
stimulating osteoblast differentiation. 
It prevents apoptosis of osteoblasts 
and suppresses osteoclast differenti-
ation [20].

In the Wnt signaling pathway, we 
distinguish a canonical Wnt signal-
ing pathway and a non-canonical 
pathway (Fig. 9). The non-canonical 
Wnt pathway is activated via Wnt5a 
and induces osteoclast differenti-
ation. In particular, synovial cells re-
lease a lot of Wnt5a during inflam-
matory processes. Through this pro-
cess, the gene ROR2 (receptor tyro-
sine kinase-like orphan receptor) is 

expressed, which converts osteoclast 
progenitor cells into active osteo-
clasts and activates the RANK recep-
tors of the osteoclasts. In contrast, 
Wnt4 and Wnt16 block the ex-
pression of RANK.

When the canonical Wnt signal-
ing pathway is stimulated, the con-
centration of β-catenin in the cell in-
creases and this increases the tran-
scription of genes in the nucleus [27]. 
In these cases, Wnt1 and Wnt3a first 
bind to the receptors „Frizzled“ and 
LRP5/6 (low-density lipoprotein re-
ceptor-related protein) on the outside 
of the cell membrane. As a result, 
GSK-3β (glycogen synthase kinase 3) 
is phosphorylated and inactivated in-
side the cell. GSK-3β can no longer 
inactivate β-catenin in turn, so that a 
high availability of β-catenin in the 
cell increases transcription (Fig. 9). 
According to current knowledge, the 
receptor LRP5 is considered to have 
more tasks in the maintenance of 
bone mass in adults, while the recep-
tor LRP6 is considered to have tasks 
mainly in embryonic bone devel-

Figure 8 Active and inactive Wnt signaling pathways stimulating osteoblasts and osteocytes. Wnt1–5 (Wingless, Int-1),  
GSK-3β (Glycogen synthase-kinase 3), LRP4/5/6 (Low-density lipoprotein receptor-related protein 4/5/6), FDZ (Frizzled-receptor), 
CAMKII (Ca2+/Calmodulin-dependent protein kinase II), DKK1 (Dickkopf Gen 1), ROR1/2 (receptor tyrosine kinase-like orphan recep-
tor), RhoA (Ras Homologue Family Member A), Rac (Rho family of GTPases), JNK (c-Jun N-terminal kinases), PKC (Proteinkinase C), 
Wnt/PCP (Wnt/planar cell polarity pathway), P (Phosphorylation).
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opment, with both receptors having 
overlapping functions [20]. Acti-
vation of the canonical Wnt pathway 
stimulates osteoblast maturation and 
bone mass formation (Fig. 10).

The canonical Wnt signaling 
pathway appears to play a central 
role in osteoblast differentiation. In-
hibitors of the Wnt signaling path-
way are genes of the so-called Dick-
kopf family such as DKK1 in com-
bination with the gene Kremen. 
DKK1 binds to the BP1 and BP3 do-
mains of the Wnt receptor LRP6 (li-
poprotein-related protein 6) (Fig. 8). 
LRP6 and the Wnt receptor „Frizzled“ 
are normally involved in signal trans-
duction (ß-catenin) in the osteocyte. 
The Dickkopf protein and Kremen 
bind to LRP6 to block signal trans-
duction for transcription in the cell. 
The Dickkopf gene family is consid -
ered essential in the development of 
the head and limbs in mammals [32]. 
In the case of patients with over-
expression of DKK1, lytic bone 
lesions occur. DKK1 reduces the 
formation of bone mass and prevents 
the formation of osteophytes. In 

joints that are altered by inflam-
mation, we find the expression of 
DKK1 especially in the synovial cells 
and in adjacent chondrocytes [13]. In 
rheumatoid arthritis, the serum con-
centration of 31.5 ± 2 pg/ml is twice 
as high as in healthy subjects, where-
as the serum levels in patients with 
spondylitis are comparable to healthy 
subjects. DKK1 is regulated by TNF-α. 
In this way, the administration of 
TNF-α inhibitors lowers the serum 
level of DKK1 to a physiological level 
[13].

Unlike osteoblasts, osteoclasts are 
derived from the monocyte and mac-
rophage cell lineages. The differenti-
ation of an osteoclast precursor cell 
into an osteoclast is caused by the ex-
pression of RANKL and cytokines by 
osteoblasts and osteocytes. The bind-
ing of RANK ligand (RANKL) to the 
RANK receptor of osteoclast progeni-
tor cells causes the osteoclast to ma-
ture and activate (Fig. 3). Osteoblasts 
and osteocytes counteract this pro-
cess by secreting osteoprotegerin 
(OPG). The canonical Wnt signaling 
pathway enhances the expression of 

osteoprotegerin and counteracts os-
teoclast differentiation (Fig. 10) [27]. 
This increases bone mass. Excessive 
bone formation inhibits the gene 
SOST via sclerostin („bone formation 
inhibitor“). The normally high level 
of sclerostin release by osteocytes in-
dicates that the Wnt/β-catenin sys-
tem is usually switched to „off“ (Fig. 
10). The interplay of Wnt signaling 
and SOST regulate bone homeostasis. 
Mechanical load, IL-6, and parathy-
roid hormone suppress SOST ex-
pression in osteocytes and activate 
the Wnt signaling pathway. SIK (Salt-
Inducible Kinase) inhibitors also 
hinder sclerostin release and the acti-
vation of RANKL so that osteoclast 
function and activation stops. 

Statement: hypothesis on 
the etiology of idiopathic 
condylar resorption
Many of the regulatory pathways and 
mechanisms of bone metabolism 
that have been described above are 
only partially known and under-
stood. Regarding the origin of idio-
pathic condylar resorption, defini-

Figure 9 Currently known Wnt signaling pathways involved in the regulation of bone metabolism. Wnt1–5 (Wingless, Int-1),  
GSK-3β (Glycogen synthase-kinase 3), LRP4/5/6 (Low-density-lipoprotein-receptor-related protein 4/5/6), FDZ (Frizzled receptor),  
Dsh (Dishevelled), APC (Adenomatous-polyposis-coli-Protein).
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tively attributing it to a disturbance 
in a regulatory pathway is not pos -
sible at present. However, the follow-
ing hypothesis should be formulated:

Imaging reveals that resorption 
mostly comprises of the anterior 
areas of the mandibular condyle. As 
already shown by Steinhardt [41], we 
normally find functional adaptations 
of bone and cartilage in the tempo-
romandibular joint in the area of the 
articular tubercle as well as in the an-
terior area of the mandibular con-
dyle; for example, in cases of an 
Angle Class II/2, bone and cartilage 
are reinforced. In deep bite, for 
example, before the mandibular body 
can be pushed forward, the condylar 
path along the tubercle is long until 
the dental arches are disengaged. As 
the disengagement of the anterior 
teeth progresses due to the rotational 
movement of the mandible, there is 
already a steady force vector in an an-
terior direction, which presses the 
condyle against the tubercle. In re-
sponse to this functional stimulus, 
bone and cartilage physiologically re-
spond through apositional growth. 

Figure 10 illustrates how mechanical 
load normally downregulates scleros-
tin and activates the Wnt signaling 
pathway so that bone mass can be 
formed. The „off“ position of the 
Wnt pathway is lifted by mechanical 
load and bone growth is activated. In 
idiopathic condylar resorption, the 
balance between the anabolic func-
tion of the Wnt pathway and cata-
bolic function of the SOST/sclerostin 
gene in bone might be disturbed. The 
localized resorptions (in contrast to 
multifocal responses in systemic dis-
ease) suggest the presence of localized 
(over)load application and a simulta-
neous defect in the SOST gene/Wnt 
pathway regulatory loop. Instead of 
growing additional bone under load, 
the regulatory mechanisms that 
break down bone are activated locally 
under load. For example, the distur -
bance could be due to the SOST gene 
or the LRP5/6 as well as the receptor 
„Frizzled“. 

Conversely, if the SOST gene and 
sclerostin expression are suppressed, 
changes like in osteoarthritis are seen 
in cartilage due to activation of the 

Wnt signaling pathway [12, 47]. Al-
ready Blechschmidt [8] and later Rad-
lanski [36] pointed out that mech-
anical stimuli also lead to changes in 
the genome response (mechanical 
gene effects) and can obviously play a 
role in head morphogenesis and tera-
togenesis. In parallel to the dis-
ruption of the Wnt signaling path-
way/SOST regulatory loop, fluctu-
ations in estrogen and prolactin lev -
els can contribute to damage of ar-
ticulating surfaces. It is also known 
that especially chondrocytes can be 
very heterogeneous in shape, size and 
matrix [45], so that, in the case of 
idiopathic condylar resorption, less 
resilient chondrocyte types are per-
haps present. Overall, the causes of 
idiopathic condylar resorption are 
likely to be a combination of local 
mechanical overload and distur -
bances in synovial membrane, carti-
lage, and/or bone metabolic regula-
tory loops.

Therapy
Due to the unknown etiology, no 
causal therapeutic concepts are avail-

Figure 10 Overview of regulatory mechanisms of bone metabolism under physiological and pathological conditions. Wnt1–5 (Wing-
less, Int-1), GSK-3β (Glycogen synthase-kinase 3), LRP4/5/6 (Low-density-lipoprotein-receptor-related protein 4/5/6), FDZ (Frizzled  
receptor), SOST (Sclerostin-gene),BMP2 (Bone morphogenetic protein 2), OPG (Osteoprotegerin), sFRP1 (Secreted Frizzled Related 
Protein 1), DKK1 (Dickkopf-Gen 1), RANKL (receptor activator of nuclear-factor-kappa B-ligand.
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able at present. Current therapy ini -
tially aims to achieve symptomatic 
pain relief by supporting the bite 
position with bite blocks. In acute 
pain conditions, additional naproxen 
with gastric protection (e.g. Vimovo 
500/20 mg, 1–0–1, cave hyperten-
sion, pregnancy) have proven effec-
tive. An important therapeutic guide-
line is the above described fact that, 
through physiological joint move-
ments, metabolic processes, which 
are protective for the joint structure, 
can be initiated or maintained (Fig. 
6) [31]. Thus, the combination of ad-
justed splints (facebow, centric regis-
tration is a must!) to correct the bite 
position with intensive physiothera-
peutic exercise is an important com-
ponent for re-establishing the physio-
logical movement patterns of the 
temporomandibular joint in order to 
promote the healing process. In this 
context, the instruction of daily exer-
cises which are to be performed by 
patients themselves is essential for 
success [4].

Since resorption appears to stop 
over time (> 5 years), further inter-
ventions which aim to correct the 
bite position are first indicated once 
there is freedom from symptoms for 
a period of more than 6 months and 
no radiological changes in resorption 
are detectable. Surgical, orthodontic 
and prosthetic measures may then 
have to be performed a second time 
[3, 49]. 
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