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Abstract. Condylar hyperactivity (CH) is a rare condition that entails a progressive
deviation and deformation of the mandible. There is no consensus regarding
characteristic histopathological features or a standardized diagnostic process; thus,
histopathological analysis of the condyle cannot confirm or exclude an active CH
after condylectomy is performed. An electronic search was performed in Medline,
Embase, Web of Science, LILACS and grey literature up to December 2019.
Additionally, a manual search was performed. Risk of bias of the included studies
was assessed using the Newcastle–Ottawa Scale and the Institute of Health
Economics Quality Appraisal. All analyses were performed independently and in
duplicate. Seventeen articles from 660 were included. Six articles were cross-
sectional studies and 11 were case series. Almost all the articles (14) described an
augmented thickness of the cartilage layer associated with cartilage islands within
the subchondral bone in patients affected by CH. Histological findings seem to be
mostly related to the age of the sample rather than a characteristic description of CH.
No clear association was found between SPECT/scintigram uptake and a specific
histological finding. Hence, there is a necessity for the development of specific tools
for evaluating and reporting studies where histology is needed for diagnosis
confirmation.
Key words: review; bias; condylar hyperplasia;
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Condylar hyperactivity (CH), also referred
as condylar hyperplasia, is a pathological
condition of the temporomandibular joint
characterized by abnormal non-neoplastic
growth of one of the condyles, which can
cause facial asymmetry, deviation of the
jaw, alterations in the occlusion, and less
frequently, pain and dysfunction1.
Despite being first described in 1836 by
Robert Adams2, there is still no agreement
on a gold standard method for CH diag-
nosis3. Little is known about its aetiology,
clinical development, and particularly,
there is no consensus regarding its histo-
logical features4–6. Hovell7 stated that
normal histologic features were seen in
CH resected condyles. Others3,8, found an
augmented thickness of the cartilage in
CH. Slootweg and Müller9 found different
types of histological descriptions, from
which they proposed a classification
ons. Published by Elsevier Ltd. All rights reserved.
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comprising three different types of con-
dyles. Type I condyles exhibit a broad
proliferation zone that gradually merges
with an underlying thick layer of hyaline
growth cartilage; then, this latter layer at
its undersurface is resorbed and replaced
with bone. Type II condyles are charac-
terized by a proliferation zone that exhi-
bits a patchy distribution, which consists
of broad cell-rich areas alternating with
cell-poor areas or areas without any cellu-
lar proliferation. Apart from that, it was
observed that there was a replacement of
hyaline growth cartilage by fibrocartilage
in patients older than 20 years, which was
associated with the expected condylar
maturation histological characteristics10.
Moreover, type I and II condyles pre-
sented clinical excessive growth without
altering the natural evolution of the
expected condyle maturation and the pres-
ence of hyaline cartilage occurred by vir-
tue of the age at which the condyle was
removed. Finally, Type III condyles
present a completely distorted architecture
associated with the appearance of
symptoms which suggests the presence
of a reactive hyperplasia with arthritic
signs rather than a genuine condylar
hyperplasia9.
Many diagnostic tools and criteria have

been proposed9,11–13 to determine an ap-
propriate and opportune treatment for
CH14. Complete facial examination,
radiographies, model casts and different
nuclear medicine techniques such as pla-
nar scintigraphy (PS)15–17, single photon
emission computed tomography
(SPECT)13,18,19, SPECT combined with
computed tomography (SPECT-CT)20–22

and positron emission tomography
(PET)23 have been proposed to assess
the presence of CH, in order to prevent
the continuous deformation of the jaw or
mandibular asymmetry relapse after
orthognathic surgery19.
Nuclear medicine could play an impor-

tant role in CH because it can assess
changes in the condyle physiologic func-
tion as a direct result of the bone metabolic
alterations within the cellular level20. In
fact, radionuclide bone scanning is
capable of comparing the differential met-
abolic activity between both condyles,
reflecting their real-time relative growth
rates24. A detectable scan uptake differ-
ence (in PS or SPECT) of more than 10%
between the left and right condylar
regions, is suggestive of CH in active
phase and consequently, condylectomy
should be indicated25. Some authors sug-
gest that SPECT is the best indicator for
the levels of bone activity in CH13,26;
therefore, SPECT has been proposed as
a viable gold standard method to assess an
excessive cellular activity in CH27. Wen
et al.3 showed that a high SPECT uptake
could be related to specific histological
features of the affected condyle in CH.
However, other authors4,5,28,29 found no
association between the histologic
features of CH and SPECT.
Another alternative diagnostic tool pro-

posed for CH is PET14,30, due to its high
diagnostic sensitivity compared with
SPECT and PS. Nevertheless, it is impor-
tant to consider that bone scintigraphy
exams have a low diagnostic specificity,
because it is difficult to differentiate
growth activity from other conditions such
as bone healing, growth, infections, or
arthritic changes20. Other approaches have
been proposed to establish the growth
activity of the mandibular condyle, using
only clinical follow-up, serial radiographs
and plaster models31. Although, these
tools are not sufficiently accurate and
may cause unnecessary delay in the CH
treatment19.
Hence, it is necessary to clarify whether

there are characteristic histological pat-
terns in CH, and whether there are diag-
nostic tools that allow a reliable CH
diagnosis. Therefore, the aim of this sys-
tematic review is to report the histological
features and their corresponding diagnos-
tic tools for CH in the literature.

Material and Methods

This systematic review was conducted
according to the PRISMA guidelines32

and the PICO question was: for patients
affected by CH (P), are histological (I) or
clinical/imaging diagnostic tools (C) able
to describe a characteristic disease pattern
(O)?

Eligibility Criteria

Publications that met the following crite-
ria were included: prospective or retro-
spective cohorts, case–control or case
series studies that evaluated patients with
condylar hyperplasia/hyperactivity clearly
diagnosed by means of extraoral/intraoral
exam and/or an imaging study, such as
computerized tomography (CT), micro-
computerized tomography (micro-CT),
cone beam computerized tomography
(CBCT) or nuclear medicine exams that
also included biopsies described by histo-
morphometric/immunohistochemistry
techniques. Systematic or comprehensive
reviews, conference abstracts, books, let-
ters to authors and personal opinion pub-
lications were not included. Articles in
languages other than English, Spanish,
or French were not included. There were
no publication date or status restrictions
for inclusion.

Literature Search

Two authors (E.C., R.D.) performed the
electronic database survey independently
and in duplicate up to 1 December 2019; in
Medline, Embase, Web of Science and
LILACS. In addition, Proquest Disserta-
tions and Theses (PQDT) and ProQuest
were searched for potential ‘grey
literature’ inclusion. References lists of
included articles were also checked for
further literature.

Data Selection and Extraction

Two reviewers (E.C., R.D.), independent-
ly and in duplicate selected the studies for
their potential inclusion. When disagree-
ments occurred, inclusion was discussed
with a third author (S.E. or E.A.C.). Then,
two independent reviewers (E.C., R.D.)
extracted the data from the final full-text
selected studies including mainly: diag-
nostic methods, histological analyses, his-
tological findings and imaging analyses if
available (Table 1). Disagreements were
solved by discussion and a third author
(S.E. or E.A.C.) examined all extracted
data, in order to capture all relevant infor-
mation.

Risk of Bias Assessment

The Newcastle–Ottawa Scale (NOS) for
cross-sectional studies33 and the Institute
of Health Economics Quality Appraisal
(IHEQA) checklist for case series34 were
chosen to assess the risk of bias (RoB) of
the included studies. Studies evaluated
with the NOS can be awarded a maximum
of five stars for its selection domain, two
for the comparability domain and three for
the outcome domain. The obtained cumu-
lative scores were expressed in percen-
tages.
In order to determine a quality score for

the case series evaluated with the IHEQA
checklist, one point was given for each
‘yes’ answer, and each article could
achieve a maximum of 20 points. Al-
though, the ‘yes’ answers were determi-
nants for the quality score, ‘partial/
unclear’ and ‘no’ answers were addition-
ally described for the discussion of the
studies. The obtained cumulative scores
were expressed in percentages. The whole
RoB assessment was performed by two
calibrated reviewers independently (K.D.,
E.A.C.) and any disagreement was
resolved by discussion.



5
6

 
E
sp
in
o
sa

 et
 a
l.

Table 1. Description of the main characteristics of the included studies.

Author (s) Participants Affected side Diagnostic method

Augmented
Thickness of
Cartilage
Layer

Layers with
Augmented
Thickness

Presence
of cartilage
Islands in
trabecular
bone

Histologic
correlation
with age

Histologic
correlation
with Scintigrams/
SPECT

Norman & Painter35 "Inactive" hyperplasia: 6
cases - Females: 6 - Males: 0 -
Mean age: 28.5 years (22 - 39
years) "Active" hyperplasia: 6
cases - Females: 4 - Males: 2 -
Mean age: 18.1 years (17 - 23
years) Osteocondroma: 2
cases - Females: 1 - Males: 1 -
Mean age: 46 years (21 - 71
years)

"Inactive" hyperplasia: -
Right: 1 - Left: 5
"Active" hyperplasia: -
Right: 2 - Left: 4
Osteocondroma: - Right:
0 - Left: 2

History Clinical
examination Imaging study:
Radiographs

+ N/A + (in active cases) N/A N/A

Gray et al.11 20 cases - Females: 15 -
Males: 5 - Mean age: 25.8
years (15 - 55 years)

- Right: 11 - Left: 9 Clinical diagnosis
Transcranial radiographs
Planar scintigraphy

+ N/A + + +

Gray et al.17 12 cases - Females: 8 - Males:
4 - Mean age: 21.5 years (15 -
55 years)

- Right: 9 - Left: 3 History Clinical
examination Supportive
radiological and
scintigraphic exams

N/A N/A + N/A -

Eslami et al.36 9 cases 13 controls Mean age:
21.7 years (range N/R)
Gender: N/R

N/R Planar scintigraphy + D + N/A N/A

Saridin et al.4 47 cases - Females: 29 -
Males: 18 - Mean age: 21.6
years (range N/R)

- Right: 21 - Left: 26 Clinical examination: facial
and dental analyses (not
described in the paper,
personal communication
with the author) SPECT

+ O &
(Proportional
to number of
cartilage
islands)

+ + -

Fariña et al.5 8 cases - Females: 4 - Males: 4
- Mean age: 18.1 years (11 -
36 years)

- Right: 4 - Left: 4 Clinical examination
confirming progressive
deformation in time SPECT

+ & D
(Proportional
to cartilage
islands depth)

+ + -

Meng et al.8 20 cases - Females: 9 - Males:
11 - Mean age: 22.4 years (14
- 20 years)

- Right: 9 - Left: 11 Clinical examination
Orthopantomography,
posteroanterior and lateral
cephalograms. Cintigrams
Follow-up for at least 1 year

+ Not
specificied

+ + N/A

Elbaz et al.29 28 cases - Females: 22 -
Males: 6 - Mean age: 25.8
years (12 - 50 years)

- Right: 17 - Left: 11 Clinical examination
Radiography SPECT

+ & D + (6 of 28) - -

Wen et al.3 105 cases - Females: 63 -
Males: 42 - Mean age: 21.5
years (13 - 33 years) - Just 58
cases were submitted to
histopathology. 44 controls
(just with SPECT) - Females:
22 - Males: 22 - Mean age:
22.6 years

- Right: 52 - Left: 53 Clinical examination Plaster
models Radiography CT
scan SPECT

+ O & D N/A N/A +
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Guo et al.37 6 cases - Females: 4 - Males: 2
- Mean age: 22.5 years (18 -
27 years) 3 controls -
Females: 1 - Males: 2 - Mean
age: 31 years

Cases - Right: 3 - Left: 3
Controls: - Right: 1 -
Left: 2

SPECT + & D + N/A N/A

Vásquez et al.6 5 cases - Females: 3 - Males: 2
- Mean age: 16.6 years (15 -
18 years)

- Right: 3 - Left: 2 Clinical examination: facial
and dental analyses Imaging
study: CBCT + SPECT

+ Different
levels of
involvement

+ (4 of 5) N/A N/A

Ji et al.39 CH: 12 cases - Females: 8 -
Males: 4 - Mean age: 25.3
years (20 - 34 years) CO: 15
cases - Females: 8 - Males: 7 -
Mean age: 24.1 years (19 - 32
years) Controls: 6 - Females:
2 - Males: 4 - Mean age: 24.3
years

CH: - Right: 5 - Left: 7
CO: - Right: 9 - Left: 6
Controls: - Right: 3 -
Left: 3

Orthopantomography CT
scan Follow-up for at least 1
year

+ & D + N/A N/A

Martin-Granizo et al.26 28 cases - Females: 20 -
Males: 8 - Mean age: 24.4
years (14 - 42 years)

- Right: 19 - Left: 9 SPECT SPECT-CT + & D + (13 of 28) N/A +

Vásquez et al.38 5 cases - Females: 3 - Males: 2
- Mean age: 16.8 years (15 -
18 years)

- Right: 2 - Left: 3 Clinical examination: facial
and dental analyses CBCT
+ SPECT

+ & D + N/A N/A

López et al.27 27 cases - Females: 14 -
Males: 13 - Mean age: 20.3
years (12 - 42 years)

N/R Clinical examination: facial
SPECT

+ O & + + +

Karssemakers et al.40 17 cases - Fermale: 10 -
Males: 7 - Mean age: 22 years
(10 - 39 years)

- Right: 6 - Left: 11 History Clinical
examination SPECT

N/A N/A N/A - N/A

Karssemakers et al.41 20 cases - Fermale: 12 -
Males: 8 - Mean age: 22.8
years (10 - 39 years)

- Right: 8 - Left: 12 History Clinical
examination (dentals casts,
3D photography, or cone-
beam CT scans) SPECT

N/A N/A N/A N/A -

SPECT:, Single photon emission computed tomography; CT, Computed tomography; CBCT, Cone beam computed tomography; H&E, Hematoxylin and Eosin taining; N/A, Not analyzed; N/R, Not
reported; CH, Condylar hyperactivity/hyperplasia; CO, Condylar osteochondroma.
O: Articular or Fibrous Layer; &: Proliferative Layer (undifferentiated mesenchymal cells); D: Hiperplastic/Hypertrophic Layer (Hyaline growth cartilage); bSUV, bone SPECT standard uptake
value.
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Results

An initial source of 660 articles was iden-
tified after duplicates removal (k = 0.78).
Of these, 579 were dismissed after revis-
ing titles/abstracts, resulting in 81 articles
eligible for full-text analysis (k = 0.8).
Then, 64 articles were excluded when
revised against the inclusion criteria. Fi-
nally, 17 articles (Fig. 1) were included in
the review (k = 0.8)3–6,8,11,17,26,27,29,35–41.
Eleven articles were case series and six
were cross-sectional studies. The data
extracted from the final 17 articles is
summarized in Table 1.
The patient sample size in the included

articles ranged from five to 149 patients,
mainly including samples from young
patients (23 � 3.8 years old).
In relation to the diagnostic methods

described, 13 articles3–6,8,11,17,27,29,35,38,
40,41 used clinical examination; however,
none of them provided a detailed descrip-
tion of this process for diagnosing CH.
Four articles26,36,37,39 used only imaging
methods, such as orthopantomography,
PS, CT, SPECT or SPECT-CT, with no
mention of clinical examination. Most of
the articles (11)3–6,8, 11,17,27,29,35,38,40,41
Fig. 1. PRISMA flowchart.
used the combination of clinical and im-
aging tools for their inclusion criteria,
being planar scintigrams8,11,17,36, planar
radiographs3,8,11,17,29,35,39, CT3,6,38,39,
SPECT3–6,26,27,29,37,38,40,41, and SPECT-
CT the most frequent26.

Histological descriptions

The most common feature observed in CH
condyles wasan augmented thickness of the
cartilage (14 articles)3–6,8,11,26,27,29,35–39.
Although almost all of these articles de-
scribed the presence of cartilage islands in
their results, three articles didnot find any in
their whole sample6,26,29. In relation to the
augmented thickness of the cartilage, there
were differences among the studies regard-
ing which specific layers of the cartilage
were affected, which are described below.

Cartilage augmented thickness:
Proliferative and Hyperplastic/
Hypertrophic layer

Six articles3,5,29,37–39 found that the pro-
liferative layer and the hyperplastic layer
had augmented thickness. Wen et al.3
found that condylar cartilage with active
growth showed a thicker proliferative
zone and hypertrophic layer, characterized
by the presence of a marked hyperplasic
zone of undifferentiated mesenchymal
cells (proliferation layer) and hyaline
chondrocytes (hypertrophic layer). Guo
et al.37 showed an upregulation of proan-
giogenic factors, including fibroblast
growth factor-2 (FGF-2) and vascular en-
dothelial growth factor (VEGF), associat-
ed with a thickened hypertrophic cartilage
layer, a proliferating layer and scattered
cartilage islands within the subchondral
trabecular bone in CH joints. Vasquez
et al.38 found that all the observed con-
dyles presented proliferative and fibrocar-
tilaginous layers; however, their extension
and thickness varied across the condylar
surface.

Cartilage augmented thickness and other
findings

Six articles described that the whole
cartilage was augmented in thickness,
with other details4,6,8,11,26,35. Norman
and Painter35 found augmented thickness
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of the cartilage in the cases that were
classified as ‘active CH’, including carti-
lage islands surrounded by bone. Besides,
Gray et al.11 observed that all the included
patients (20) presented a layer of mesen-
chymal cells. A marked association was
found between the frequency and the
depth of the cartilage islands. Saridin
et al.4 found a positive association be-
tween the thickness of the cartilage layer
and the number of cartilage islands; thus,
both histologic features could be associat-
ed with excessive bone formation in some
patients affected by CH, especially in the
younger ones. However, no uniform or
characteristic histologic patterns were
found in patients affected by CH. Vasquez
et al.6 described the presence of connec-
tive tissue islands at the bone level
with different levels of aggressiveness of
CH or differences regarding the duration
of disease activity. Martin-Granizo et al.26

found that the proliferative layer had
a thickness 2.5 times greater in the high-
uptake condyle compared with the low-
uptake one.

Bone Cortical and Trabecular
characteristics

Karssemakers et al.40 found that condyles
affected by CH analysed by micro-CT
presented increased cortical porosity,
higher bone volume fraction, greater tra-
becular thickness, separation and number,
and less mineralization levels, when
compared with known condylar healthy
parameters.

Histological Findings and Age

Seven articles evaluated their histological
findings according to the age of the patient
from which the sample was tak-
en4,5,8,11,27,29,40. From these, five arti-
cles4,5,8,11,27 found that the histologic
appearance varied according to the age
of the patients. Gray et al.11 described
the presence of a persistent layer of undif-
ferentiated mesenchymal cells and ele-
ments of overlying osteoarthritis in
some areas of older patients (39–55 years).
They hypothesized that osteoarthritis
appeared as a consequence of the resulting
pressure from the condylar overgrowth.
Saridin et al.4 found a significant associa-
tion between age and cartilage thickness.
Based on this, younger patients had a
thicker cartilage layer than older ones,
and tended to have greater number of
cartilage islands. Fariña et al.5 found a
significant association between age and
cartilage thickness, where older patients
had less cartilage thickness, and between
age and Ag-NOR counts, where older
patients had lower Ag-NOR counts. Meng
et al.8, according to the Slootweg and
Müller classification9, found a strong as-
sociation between age and the histological
type, where type I condyles belonged to
significantly younger patients and type III,
belonged to the oldest patients. Indeed, a
bivariate correlation analysis revealed a
significant association between age and
cartilage thickness; therefore, histological
appearance of condylar hyperplasia could
vary according to age. Lopez et al.27 also
confirmed that the presence of cartilage
islands is significantly associated with age
(�22 years old). Only two articles29,40 did
not find any association between histolog-
ic features and age in CH condyles. Elbaz
et al.29 stated that this absence of associa-
tion reflected the lack of hormonal control
during the post-pubertal period from
which the samples were taken. Karsse-
makers et al.40 found that there was no
significant difference in the age of the CH
condyles with increased cortical porosity
and those with intact cortical bone.

Histological Findings and PS/SPECT

Nine articles3–5,11,17,26,27,29,41 evaluated
the association between histological find-
ings and PS/SPECT; from which, five
articles did not find a positive association.
Gray et al.17 evaluated the association
between depth of cartilage islands, trabec-
ular bone volume, percentage of resorp-
tion surfaces, osteoid volume surfaces,
and PS; though, no association was found
between the scintigraphic uptake and the
depth of cartilage islands. Saridin et al.4,
using SPECT, found no significant differ-
ences between the mean bone uptake on
the CH side and the relative thickness of
the cartilage layer or with the amount of
cartilage islands. Moreover, Fariña et al.5

and Elbaz et al.29 could not find an asso-
ciation between the histologic character-
istics and SPECT. Karssemakers et al.41

explored the association between condylar
bone volume and measured condylar ac-
tivity. They did not find any significant
association between bone volume fraction
assessed by micro-CT with condylar ac-
tivity measured with SPECT in CH affect-
ed condyles.
Conversely, four articles found a posi-

tive association between PS/SPECT and
their histologic findings. Gray et al.11 ob-
served that the patients with marked up-
take on the scintigraphy had a higher
frequency and depth of the cartilage
islands. Wen et al.3 showed that the rela-
tive uptake of the affected condyle was not
related to the thickness of cartilage layers
but was affected by the proliferation of
undifferentiated mesenchymal cells and
hyaline chondrocytes. Martin-Granizo
et al.26 found that the maximum size of
the cartilage islands was the only statisti-
cally significant difference between low
and high SPECT uptakes in a sample of 28
patients. Lopez et al.27 found qualitative
association between SPECT-positive
results and histological findings, i.e. a
significant increment in the proliferative
layer thickness and the total thickness of
the whole soft tissue.

RoB Assessment

Six articles3,8,27,36,37,39 were described as
cross-sectional studies and were analysed
with NOS. Two studies8,36 achieved the
highest score; with seven and six stars, and
a 77.8% and 66.7% degree of quality,
respectively. Two studies3,37got five stars,
with a 55.6% degree of quality. Finally,
two studies27,39 had the lowest score with
four and three stars, corresponding to a
55.6% and 33.3% degree of quality, re-
spectively. All of the studies scored
positively for ‘ascertainment of exposure’,
‘comparability’ and ‘clearly described
statistic test’. Though, none of the studies
showed a detailed description of the
derivation of the exposed group or deter-
mination of the sample size, and only few
of them were explicit regarding to the
outcome assessment.
Apart from that, 11 articles4–6,11,17,

26,29,35,38,40,41 were described as case se-
ries studies and were evaluated using the
IHEQA checklist. The maximum score
was 12 points, achieved by two stud-
ies40,41, five of them achieved 9
points5,6,11,17,38, three achieved a score
of 8 points4,26,29, and the other one
achieved 7 points35. All the case series
reported that the objective of study was
clearly stated, the intervention of interest
was clearly described, and that relevant
outcome measures were established a
priori, using appropriate methods.
Nevertheless, none of the studies clearly
described additional interventions (co-
interventions), or relevant outcome mea-
sures considered before or after the
intervention. Also, all publications scored
‘partial/unclear’ regarding the patients’
inclusion at a similar time point during
the development of the disease and to the
appropriate follow-up time for important
events and outcomes to occur.
In particular, cross-sectional studies

failed to describe the representativeness
or the origin of the exposed cohort, and
blinding during outcome assessment was
frequently not reported, leading to unsat-
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isfactory scores and consequently a high/
unclear RoB. In relation to the case series
studies, similar results were achieved with
almost equal scores of high, partial/un-
clear and low RoB.

Discussion

Taken together, these results confirm that
there is no consensus on a characteristic
histological description in CH. Two of the
main contributors to this lack of histologi-
cal consensus are the heterogeneity found
among the diagnostic methods used and
the RoB of the included articles. Beyond
the methodological issues mentioned, an-
other explanation for this could be the
clinical scenario that CH entails, where
there is no possibility of having a reliable
control sample of the contralateral con-
dyle for ethical reasons. Therefore, when
there is no histological counterpart, only
reliable clinical findings can guide the
diagnosis.
Even though 14 articles3–6,8,11,26,

27,29,35–39 observed an augmented thick-
ness of the condylar cartilage, no homog-
enous histologic features were described
among all the articles selected, regarding
the different layers’ descriptions. Apart
from that, the time when the sample was
obtained could lead to questionable results
mostly related to the age of the different
patients.
Age and histological characteristics

were evaluated in seven articles4,5,8,11,
27,29,40, of which five articles4,5,8,11,27 ob-
served a positive association between their
histological descriptions and the age of
their sample. Based on these results, it
seems that the histological characteristics
observed were related to the age when
condylectomy was performed rather than
to a specific pathology in the condyle. Ji
et al.39 mentioned that the condyle growth
activity varies with age, due to the pres-
ence of the secondary cartilage layer,
which remains as a cell-proliferating zone
until the half of the second decade of
life42. Additionally, it was reported4 that
the age of the subject and the clinical
diagnosis are relevant in the histopatho-
logical analysis of the disease, in which
older individuals present fewer cartilage
islands than younger patients. Indeed, nor-
mal histological patterns tracking the hu-
man condyle evolution through age have
been extensively described in the litera-
ture. Condylar articular tissue goes
through a first group of changes at late
adolescence (15 years old) which are vir-
tually complete by the age of 30 years,
characterized by appearance of fibrocarti-
lage accompanied by the cessation of
endochondral ossification and the forma-
tion of a compact subchondral bone
plate43. Later on, a second group of trans-
formations appear by the age of 50–60
years old, characterized by progressive
decrease in cell density and the conversion
of loose fibrous connective tissue into
dense connective tissue and fibrocarti-
lage36,43. Interestingly, Gray et al.11 found
elements of overlying osteoarthritis in
their four oldest patients. They speculated
that the compression consecutive to the
condyle growth may be an explanation for
this finding, and that pressure was respon-
sible for the apparition of these degenera-
tive reactive tissues. The possible effects
of mechanical loading were also men-
tioned by Karssemakers et al.40, who
found an increased cortical bone porosity
in eight of 17 CH affected condyles. They
proposed that the present cortical abnor-
malities might be secondary to an in-
creased condylar growth and/or
abnormal mechanical loading, assuming
that this cortical porosity could be a re-
flection of a higher bone remodelling ac-
tivity during CH, without discarding the
patients’ age influence.
The presence of cartilage islands has

been considered as evidence of condylar
growth at the moment of the condylect-
omy8,11,35. Martin-Granizo et al.26 found
more frequent cartilage islands in those
patients with high activity SPECT uptake,
even though they could not find them in the
whole sample. Saridin et al.4 described that
their high condylar bone activity samples,
on the scintigram, had a low number of
cartilage islands. Certainly, it must be con-
sidered that not all cartilage islands are
active in the process of condylar growth
and, consequently, their presence cannot be
necessarily associated with the hyperplastic
growth of the mandibular condyle27,38.
In relation to the diagnostic tools de-

scribed in the selected studies, there was a
great heterogeneity among the methods
used for diagnosing CH. In fact, there were
five articles4,5,17,29,41 from a total of nine
that did not find an association between
PS/SPECT and a histologic pattern. Sar-
idin et al.14 stated that the percentage of
differences between both condyles is not a
true quantification of bone activity and is
subject to potential variations present in
the contralateral condyle. They suggested
that more precise bone activity measure-
ments are possible with PET, combined
with histologic analysis of condylar speci-
mens, which provides a greater insight
into the bone activity of patients with
asymmetric condylar growth. In addition,
Villanueva-Alcojol et al.28 suggested that
bone SPECT scintigraphy should not be
used as the sole determinant for indicating
a condylectomy, because it is a highly
sensitive test but lacks specificity. Many
pathologic conditions related to inflamma-
tion, infection, healing processes or even
neoplasms could be interpreted as an
active CH with consequent progressive
growth of the condyle. In the same line
of results, Elbaz et al.29 found that there
was a lack of association between the
histologic findings and the radionucleotide
uptake in the scintigram. Karssemakers
et al.41 found that an increased condylar
bone volume in patients with CH does not
influence condylar activity on the bone
scan. Moreover, SPECT sensitivity and
specificity in active CH have been de-
scribed to range between 32.4% and
67.6%, and 36.1% and 78.3%, respective-
ly, making SPECT scans inadequate for
determining condylar growth status in CH
patients, resulting in a large percentage of
false-positive and false-negative diagno-
ses of CH, and possibly negatively affect-
ing patients’ treatment outcome44. These
results taken together, highlight the lack of
reliability of PS/SPECT scan to confirm an
active condylar growth during CH and its
lack of association with CH histological
findings.
In another scenario, the use of PET has

been able to improve relative growth as-
sessment expressed by bone scintigraphy,
because it allows a quantitative in vivo
measurement of condylar activity. Saridin
et al.14 assessed bone growth using PET in
patients with suspected CH and compared
them with normal symmetric subjects.
They found that the bone metabolism in
the affected side of CH patients presented
no significant differences in comparison
with the control group. The authors sug-
gested that in some of the CH-suspected
patients, the affected condyle continues to
grow at a normal rate, together with a
cessation of growth in the contralateral
condylar region. Because PET has a better
resolution than SPECT45,46, it could be
able to provide a reliable physiologic
quantification of metabolism processes
in the region of interest45,47,48, thus, it
might be a promising tool for identifying
active CH. This improved resolution could
be explained at least in part, by the differ-
ent radioisotopes used in SPECT and PET,
from which [18F]-fluoride (used in PET),
could offer superior biological properties
compared with 99mTc-MDP (used in
SPECT),45 due to its faster clearance from
blood and subsequent lower background
radiotracer signal.
Among the selected articles in this re-

view, only one included SPECT-CT in
their methodology26. They proposed that
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SPECT-CT could provide the ability to
perform both SPECT and CT tests simul-
taneously, offering greater anatomical
definition. However, Liu et al.49 found
that SPECT-CT with precise region of
interest drawings was not superior to
SPECT in the assessment of CH, which
could mainly relate to differences in re-
gion of interest drawing techniques. They
stated that these findings could be
explained by the fact that the mandibular
condyle is a morphologically smaller
structure, regarding the SPECT spatial
resolution; thus, the radioactivity detected
in the condyle could be mostly defined by
the point spread function of the imaging
method rather than by the actual shape of
the condyle. Theerakulpisut et al.50 found
no evidence that indicated superiority of
SPECT-CT over simple SPECT for the
evaluation of active CH. They stated that
using SPECT alone would represent a
benefit in terms of reduction of patient
radiation exposure.
Considering the specific clinical fea-

tures that CH entails, two main methodo-
logical problems were seen in the included
studies. First, no detailed description of
the clinical process for diagnosis was en-
countered. Because there is no gold stan-
dard method for diagnosing CH3, the
decision process to indicate condylectomy
may give false-positive/-negative histo-
logical results. Second, there was no clear
differentiation in the age of the patients
during the sample groups conformation. It
is expected that young individuals have
histological features different from adult
ones10,43. Beyond all the diverse histolog-
ic descriptions found in this systematic
review, there was a frequently reported
association between the age of the patient
and the histological features of their con-
dyles. Hence, the augmented thickness in
the condylar cartilage reported in these
articles could be the representation of
the expected histological pattern of a con-
dyle that belongs to younger patients rath-
er than a specific pathology. Nevertheless,
not all the articles evaluated this associa-
tion. Also, those that assessed it4,5,8,11,27,29

did not differentiate young from adult
patients (>20 years old) in their method-
ologies.
In order to perform an adequate evi-

dence-based decision to diagnose and con-
secutively treat CH, RoB assessment is
fundamental to avoid the misinterpretation
of results. To our knowledge, this is the first
systematic review with a formal RoB
assessment of CH cross-sectional studies
and case series. From the 17 articles
selected for the final revision, only eight
articles5,6,11,17,36,38,40,41 achieved
satisfactory levels in RoB assessment using
the NOS tool adapted for cross-sectional
studies, and IHEQA checklist for case se-
ries.
The NOS scale is a quality-assessment

tool for the assessment of nonrandomized/
observational studies, which assigns an
achievement-based quality score for the
risk of bias. The tool’s modification for
cross-sectional studies, based in the com-
parability of the exposed and control
groups, partly excluding the original fol-
low-up component of the tool was applied
in the present work. Four of the cross-
sectional studies3,8,36,39 fulfilled over 50%
of the items (56–78%), which could indi-
cate that the methodological rigour is ac-
ceptable, and could be improved simply
by a more detailed report by the authors.
Even though case series studies occupy a
low position in the hierarchy of evidence,
in some cases such as CH, it is the only
available evidence to guide healthcare
decisions; therefore, the IHEQA checklist
was applied in this study. Several criteria
examine how the study was executed,
whereas other criteria focus on the quality
of the reporting. Based on our results, the
case series included showed 50% of posi-
tive responses, which means that half of
the total number of items evaluating case
series studies were unachieved. This could
be attributed to the heterogeneous way
that the requested item was reported by
the authors, or the variable applicability of
the items chosen within this checklist, for
example some of them have a prospective
component, absent in some case series.
Finally, we can conclude based on this

revision that: (1) almost all the articles
(14)3–6,8,11,17,26,27,29,35–39 described an aug-
mented thickness of the cartilage layer as-
sociated with cartilage islands within the
subchondral bone in condyles from patients
affected by CH; (2) histological findings
seem to be mostly related to the age of the
sample rather than a characteristic descrip-
tion of CH; though only five articles (from
seven that evaluated it)4,5,8,11,27 found this;
(3) no clear association was found between
SPECT/scintigram uptake and a specific
histological finding; (4) the RoB of the
included studies shows in general an inter-
mediate level of methodological rigor;
these results encourage the use of specific
reporting guidelines rather than modifying
the methodological approach to solve the
specific authors’ objectives, and (5) there is
a necessity for the development of specific
tools for evaluating and reporting studies
where histology is needed for diagnosis
confirmation. Further studies should be car-
ried out that examine the onset and devel-
opment ofCH and enable precise diagnostic
methods to assess the continuous asymmet-
ric growth of the mandible. Because
CH entails specific clinical features, a co-
ordinated clinical evaluation along
with validated imaging tools must be
accompanied by a precise and homogenous
histologic evaluation for its reporting.
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