THERAPEUTIC ADVANCES in
Musculoskeletal Disease

Original Research

Ultrasound-detected inflammation is
more common in clinically manifest
hand osteoarthritis than in painless bony
enlarged finger joints: subanalysis of the
population-based Bruneck study

Nina Gasperi®, Nikolaus Schreiber*=’, Philipp Bosch, Antonella Adinolfi, Arnd Kleyer,
Melanie Hagen, Christiane Gasperi, Martin Weger, Stefan Kiechl, Johann Willeit,
Georg Schett, Annamaria lagnocco, Arno Gasperi, Agnes Mayr and Christian Dejaco

Abstract

Purpose: The aim of this article is to examine the extent of structural and inflammatory
lesions by ultrasound in elderly subjects with hand osteoarthritis (HOA) fulfilling the ACR
classification criteria (Group A}, in subjects with painless enlarged finger joints (Group B), and
in individuals without clinical abnormalities at hands (Group CJ.

Methods: This study was nested within the population-based, prospective Bruneck study;

293 subjects of =65 years of age were assessed. Clinical and ultrasound assessment

was conducted at wrists and finger joints. Gray scale synovitis (GSS), Power Doppler (PD),
osteophytes, and erosions were scored semiquantitatively (0-3). The Short Form Score for the
Assessment and Quantification of Chronic Rheumatic Affections of the Hands (SF-SACRAH),
the Health Assessment Questionnaire (HAQ), and the Functional Index for Hand Osteoarthritis
(FIHOA) were retrieved.

Results: Most subjects had =1 ultrasound abnormality, of which osteophytes were the most
prevalent finding in all groups (Group A: 100%, Group B: 99.4%, and Group C: 93.9%). GSS and
PD-signals were more common in Group A than in Group B (94% versus 67% and 33% versus
13%, respectively). In Group C, GSS was observed in 39.4% of subjects. In subjects with HOA,
the SF-SACRAH correlated with osteophyte scores (corr ,.=0.48), and the FIHOA correlated
with the osteophyte (corr ,.=0.42) and PD scores (corr,;=0.33).

Conclusion: GSS and PD were more frequent in patients with symptomatic HOA than in cases
with painless bony enlargements and subjects without clinical joint abnormalities. Functional
restriction in HOA is associated with structural and inflammatory ultrasound changes.
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Introduction

Hand osteoarthritis (HOA) is one of the most
common rheumatic joint diseases worldwide. It
negatively affects the quality of life of patients,
which are mainly elderly women, and its vast
socio-economic impact must not be underesti-
mated.’> To maintain the activities of daily

living, early detection and diagnosis of HOA is
crucial.

The definition of HOA is still uncertain.* Joint pain
is the hallmark of the disease, and it is one of the
entry domains for the American College of
Rheumatology (ACR) classification criteria.> These
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criteria have been developed for classification of
patients in clinical studies, but they are also applied,
with some limitations, in clinical practice to con-
firm HOA in patients with finger pain.°
Conventional radiography is the gold standard
imaging tool for osteoarthritis (OA), and the com-
bination of pain, aching, and stiffness together with
characteristic x-ray findings is often used to diag-
nose HOA in clinical routine.”

Ultrasound is increasingly utilized for the assess-
ment of HOA.8 It is more sensitive than radiogra-
phy for the detection of structural changes and
enables the detection of soft tissue inflammation
which is common in HOA.® Ultrasound-verified
synovitis has been linked to pain and structural
damage, and ultrasound may be used to distin-
guish HOA from other diseases in case of unclear
joint symptoms.10:11

In clinical practice, we also observe subjects with
bony thickening of joints and characteristic radio-
graphic changes of HOA who do not have (and
often never develop) clinical symptoms of OA.!12
Whether these individuals are still considered
‘healthy’ and joint changes reflect normal aging
or whether these subjects suffer from subclinical
HOA is unclear. Previous studies indicated that
ultrasound can be a valuable tool in these patients
to investigate the presence of joint inflammation
and to exclude potential differential diagnoses.!3

In this study, which was conducted as a part of
the prospective, population based Bruneck study,
we compared ultrasound findings between
patients with clinically symptomatic HOA, indi-
viduals with bony joint enlargements but no
symptoms of HOA, as well as subjects without
pain and joint thickening.

Methods

Subjects

This study was nested within the ‘Bruneck study’,
a prospective study of 1000 individuals from the
city of Bruneck, Italy. All subjects were first
recruited in 1990 from the official population reg-
ister by random sampling. To create a representa-
tive sample, stratification for age and sex was
performed with 125 individuals per sex and each
decade of age from the fifth to eighth decade. A re-
evaluation of the 1000 subjects was performed
every 5 years (1995, 2000, 2005, 2010), and

participation rates exceeded 90% (of subjects
alive) for each visit. The current investigation
focuses on 353 subjects who returned for the fifth
follow-up conducted between April and May 2016.
The majority of participants not showing up at the
current visit were either deceased or in such bad
health conditions that participation in the study
was impossible. The Bruneck study was approved
by the local institutional review board, and each
patient provided written informed consent.

Clinical examination and clinical scores

Each subject underwent full medical history and
clinical examination conducted by a trained med-
ical student (N.G.). Medical history included
questions concerning previous and current pain
at hands, knees, hips, and spine; joint replace-
ment surgery; and the items of the ACR classifi-
cations criteria for HOA.5 Pain level was further
evaluated using a visual analog scale (VAS) (rang-
ing from 0 to 10 cm, 10 =worst). Clinical exami-
nation was performed in order to evaluate the
presence of bony (hard) joint enlargements, (soft)
joint swelling, and tenderness at the following
joints: wrists, carpometacarpal joint (CMC) 1,
metacarpophalangeal joint (MCP) 1-5, proximal
interphalangeal joints (PIP) 1-5, and distal inter-
phalangeal joints (DIP) 2-5. All study partici-
pants were asked to complete the Short Form
Score for the Assessment and Quantification of
Chronic Rheumatic Affections of the Hands
(SF-SACRAH, range: 0-10),!* the Health
Assessment  Questionnaire  (HAQ, range:
0-3.0),’> and the Functional Index for Hand
Osteoarthritis (FIHOA, range: 0-30).16

We defined the following groups: Group A were
patients who fulfilled the ACR criteria for HOA.>
Group B were individuals who had at least one
bony joint enlargement, which was defined as a
hard, non-deformable swelling at finger joints but
did not fulfill the ACR criteria for HOA and did
not report current or previous pain, aching, ten-
derness, or soft tissue swelling at hands. Group C
included all subjects that had neither clinical joint
abnormalities nor symptoms suggesting HOA.
Thirty-three patients presented with swelling, pain,
aching, or tenderness of =1 joint of the hands but
did not fulfill the ACR criteria and were therefore
not included in any of the groups. The study flow-
chart is depicted in Supplementary Figure 1.
X-rays of hands were not performed because it was
not consented by the ethical committee.
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Ultrasound examination

Ultrasound evaluation was conducted by one of
two rheumatologists experienced in musculoskel-
etal sonography (C.D.: 8 years of experience,
A.A.: 5 years of experience). The sonographers
were unaware of the clinical history and group
allocation. The participants were in a sitting posi-
tion opposite to the examiner with the hands rest-
ing on a horizontal examination table in a
darkened room. The hands were held in a neutral
position, and the duration of each examination
was around 20 min. Ultrasound was performed in
transverse and longitudinal scans of the dorsal
side of the wrists and the palmar and dorsal sides
of CMC 1, MCP 1-5, PIP 1-5, and DIP 2-5
joints. We used a GE Logic E ultrasound device
with a 20-MHz and a 12-MHz probe. For gray
scale (GS), imaging parameters were adjusted to
maximize the contrast between examined struc-
tures. Power Doppler (PD) settings were stand-
ardized accordingly: frequency: 14.3 or 7.7 MHz,
respectively; pulse repetition frequency: 700 Hz;
and medium flash filter. The PD-gain was opti-
mized by increasing the gain until noise appeared
and then reducing it just enough to suppress the
noise. The following abnormalities were assessed
by GS ultrasound: erosions, osteophytes, and
gray scale synovitis (GSS) using previous defini-
tions.!” In addition, PD sonography was con-
ducted. We used the following semiquantitative
grading system for GSS and PD-signals: 0=no
change, 1=mild, 2=moderate, 3=severe, in
accordance with prior publications.!7-18

Erosions were graded from 0 to 3 with 0=no
change, 1=horizontal cortical break of 0—1mm,
2=horizontal cortical break of 1.1-2 mm, and
3 =horizontal cortical break >2 mm.

The OMERACT score!” was used to assess oste-
ophytes. Osteophytes were defined as step-up
bony prominence at the bony margins that is vis-
ible in two perpendicular planes and were graded
semiquantitatively with 0O=none, 1=minor,
2=moderate, and 3 =major size of osteophytes.
The ultrasound atlas of osteophytes developed by
Mathiessen er al.l® was used as a reference.
Osteophytes and erosions were not investigated at
the wrist.

Statistical analysis

All statistical analyses were done using R [R Core
Team (2016), Vienna, Austria (https://www.r-
project.org/)].

Descriptive statistics were used to summarize the
data. Possible correlations of clinical factors
including the three questionnaires (SF-SACRAH,
FIHOA, and HAQ), the number of joints with
bony enlargement, the number of joints with soft
swelling (SJC), and the number of joints with ten-
derness (TJC) with ultrasound findings including
GSS sum score (0—48), the PD sum score (0—48),
the osteophyte sum score (0—48), and the erosion
sum score (0-48) were investigated using the
Spearman’s rank correlation test or the Pearson’s
test as appropriate. The ultrasound sum scores
were calculated per patient by summing up all
semiquantitative gradings (for each joint, the
higher value of palmar or dorsal scans was used).

Inter-observer and intra-reader variability of ultra-
sound was investigated on 67 stored images from 18
patients using Kappa index with linear weighting.

Results

Demographic data

Out of the 353 subjects studied, 17 individuals
were excluded because of incomplete data and 10
individuals were excluded because of inflamma-
tory rheumatic diseases [rheumatoid arthritis
(n=5), polymyalgia rheumatica (n=2), psoriatic
arthritis (n=1), and collagenous colitis (z=2)].
Of the remaining 326 patients, 87 were classified
as HOA according to the ACR criteria (26.7%,
Group A), 173 individuals had bony enlarge-
ments at finger joints without symptoms of HOA
(53.1%, Group B), and 33 subjects had neither
bony enlargements nor pain (10.1%, Group C).
Thirty-three patients (10.1%) did not meet the
criteria for any group and were excluded from
subsequent analyses; hence, 293 subjects in
Groups A—C were proceeded for further analysis
(see Supplementary Figure 1 for flowchart).

Demographic data are depicted in Table 1. There
were more women in Group A than in Group B
(62% wversus 42%). There was no considerable
difference between groups concerning type of
previous work (white collar/blue collar), previous
replacement surgery of any joint, or prevalence of
hip, knee, or spinal pain.

Comparison of ultrasound findings between

individuals with and without clinical symptoms of HOA
Ultrasound findings at the population level. All 87
study subjects in Group A yielded at least one
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Table 1. Demographic and clinical data.
Group A Group B Group C
(n=87) (n=173) (n=33)
Age, mean (SD) 76.7 (6.7) 75.8 (7.2) 72.4 (7.5)
Female, n (%) 54 (62.1) 72 (41.6) 12 (36.4)
Former blue-collar worker, n (%]? 42 (77.8) 70 (68.6) 11(61.1)
Any previous joint replacement, n (%) 15(17.2) 16 (9.3) 2 (6.1)
Number of enlarged joints per patient, mean (SD) 8.2 (4.6) 4.9 (3.5) -
Hip pain, n (%) 12 (13.8) 15(8.7) 2(6.1)
Knee pain, n (%) 27 (31.0) 35(20.2) 5(15.2)
Chronic back pain, n (%) 34(39.1) 61(35.3) 13(39.4)
Pain level hand, median (IQR) 0 (0-3) - -
Pain level hand, min, max 0,8
SF-SACRAH, median (IQR) 1.4(1.0-1.8) - -
SF-SACRAH, min, max 0.0, 6.8
FIHOA, median (IQR) 0 (0-5) - -
FIHOA, min, max 0,16
HAQ, median (IQR) 0 (0-125) - -
HAQ, min, max 0, 2375 - -

FIHOA, Functional Index for Hand Osteoarthritis; IQR, interquartile range; SD, standard deviation; SF-SACRAH,
Short-Form Score for the Assessment and Quantification of Chronic Rheumatic Affections of the Hands.
Group A: subjects with clinically manifest hand osteoarthritis; Group B: subjects with painless bony joint enlargements;

Group C: individuals with apparently normal joints at hands.
3130 out of 326 subjects did not state their former occupation.

Table 2. Percentage of subjects with at least one ultrasound abnormality.

Group A Group B Group C

(n=87) (n=173) (n=33)
=1 US abnormality, n (%) 87 (100.0) 172 (99.4) 32(97.0)
Osteophytes, n (%) 87 (100.0)  172(99.4)  31(93.9)
GSS, n (%) 82(94.3]  116(67.1)  13(39.4)
Power Doppler, n (%) 29 (33.3) 22 (12.7) 1(3.0)
Erosion, n (%) 15(17.2) 24(13.9) 0(0.0)

GSS, gray scale synovitis; US, ultrasound.

ultrasound abnormality (Table 2). Osteophytes
were the most frequent finding occurring in 100%
of subjects, followed by GSS and PD-signals,
which were observed in at least one joint in 94%

and 33% of subjects, respectively. Erosions were
the least common pathology (17% of the exam-
ined subjects in Group A). In Group B, 99% of
the subjects revealed at least one abnormal ultra-
sound finding. Osteophytes (99%) and erosions
(14%) occurred to a similar frequency as in
Group A, whereas GSS (67%) and PD-signals
(13%) were less common. In Group C, the preva-
lence of ultrasound findings was still high (97%):
94% of individuals had osteophytes, and GSS was
observed in 39%. There was only one subject with
PD-signals (3%) and none with erosions.

Results of semiquantitative scoring is depicted in
Table 3. Almost half of the subjects in Group A
(46.0%) had at least one grade 3 osteophyte as
compared with 23.1% in Group B. Only a small
proportion of individuals yielded grade 3 GSS
(Group A: 12.6% wversus Group B: 2.9%), grade 3
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Table 3. Prevalence of grades 1-3 ultrasound abnormalities.

Osteophytes GSS Erosion Power Doppler

Group A None 0 (0) 5(5.7) 72 (82.8) 58 (66.7)
(n=87)

Grade 1 14 (16.1) 43 (49.4) 4 (4.6) 11(12.6)

Grade 2 33(37.9) 28 (32.2) 9(10.3) 16 (18.4)

Grade 3 40 (46.0) 11(12.6) 2(2.3) 2(2.3)
Group B None 1(0.6) 57 (32.9) 149 (86.1) 151 (87.3)
(n=173)

Grade 1 58 (33.5) 75 (43.4) 11(6.4) 12(6.9)

Grade 2 74 (42.8) 36 (20.8) 12 (6.9) 10 (5.8)

Grade 3 40 (23.1) 5(2.9) 1(0.6) 0(0.0)
Group C None 2(6.1) 20 (60.6) 33 (100) 32 (97.0)
(n=33)

Grade 1 20 (60.6) 10 (30.3) 0(0.0) 0(0.0)

Grade 2 9 (27.3) 2(6.1) 0(0.0) 1(3.0]

Grade 3 2(6.1) 1(3.0] 0(0.0) 0(0.0)

GSS, grey scale synovitis.

The number (percentage) of subjects with no (none), or at least one grade 1, 2, or 3 ultrasound abnormality is depicted.

erosions (2.3% versus 0.6%), and grade 3 PD find-
ings (2.3% wversus 0%) in both Groups A and B.

In Group C, grade 3 changes were observed in
<10% of individuals for all abnormalities (see
Table 3).

Ultrasound findings at the joint level. The preva-
lence of abnormal ultrasound findings in different
joint groups (DIPs, PIPs, MCPs, wrists) is
detailed in Table 4. DIPs were more frequently
affected in Group A as compared with Group B
(98.9% wersus 85.0%, respectively), particularly
osteophytes at DIPs were more often observed in
the former than in the latter group (98.9% versus
83.2%). In Group B, PIPs were the most fre-
quently involved joint group (89.0%). GSS
(72.4% wersus 40.5%, respectively) and PD-sig-
nals (12.6% wversus 2.3%, respectively) were nev-
ertheless more common at PIPs from group A
than from Group B patients. Erosions were mainly
observed at MCPs in both groups (A: 11.5% ver-
sus B: 11.0%).

The most commonly affected individual joint was
the DIP2 (83.3% of the examined DIP2s in

Group A and 50.6% in Group B yielded at least
one ultrasound abnormality), as detailed in
Supplementary Table 1.

In Group C, osteophytes were most commonly
observed at PIPs; GSS, PD-signals, and erosions
were rare in all joints. The most commonly
affected individual joint in this group was PIP1.

Association between ultrasound and clinical
findings

Correlation analyses were conducted in order to
investigate the association between ultrasound
findings and functional impairment. For patients
with HOA (Group A), there was a moderate cor-
relation of the osteophyte sum score with the
SF-SACRAH (corr,,.4=0.48). Also, the osteo-
phyte sum score and the PD sum score correlated
moderately with the FTHOA (corr,,.+=0.42 and
corr,..= 0.33) and hand pain (corr_,.+=0.38 and
corr..=0.34). The HAQ did not correlate with
any of the ultrasound parameters. For Group B,
no correlations were found between ultrasound
scores and any of the questionnaires. In Group C,
moderate correlations were found of the osteophyte
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Table 4. Ultrasound findings according to joint regions.
=1US Osteophyte  GSS Erosion PD GSS +PD
abnormality
Group A Wrist 22(25.3) NA (NA) 22(25.3) NA (NA) 5(5.7) 5(5.7)
(n=87)
CMC 70 (80.5) 69 (79.3) 24.(27.6) 4 (4.6) 14.(16.1) 12(13.8)
MCP 72(82.8) 68(78.2) 47 (54.0) 10 (11.5) 9(10.3) 9(10.3)
PIP 82 (94.3) 82 (94.3) 63 (72.4) 0(0.0) 11(12.6) 11(12.6)
DIP 86 (98.9] 86 (98.9) 40 (46.0) 2(2.3) 61(6.9) 616.9)
Group B Wrist 23(13.3) NA (NA) 21(12.1) NA (NA) 5(2.9) 3(1.7)
(n=173)
CcMC 113 (65.3) 109 (63.0) 18 (10.4) 2(1.2) 8 (4.6) 5(2.9)
MCP 139 (80.3) 127 (73.4) 57 (32.9) 19 (11.0) 11 (6.4) 10 (5.8)
PIP 154 (89.0) 148 (85.5) 70 (40.5) 5(2.9] 4(2.3) 2(1.2)
DIP 147 (85.0) 144 (83.2) 48 (27.7) 2(1.2) 2(1.2) 1(0.6)
Group C Wrist 3(9.1) NA (NA) 3(9.1) NA (NA) 0(0.0] 0(0.0)
(n=33)
cMC 12 (36.4) 12 (36.4) 1(3.0) 0(0.0) 0(0.0) 0(0.0)
MCP 24.(72.7) 23 (69.7) 8 (24.2) 0 (0.0) 1(3.0) 1(3.0)
PIP 26 (78.8) 24.(72.7) 6(18.2) 0 (0.0} 1(3.0) 1(3.0)
DIP 21 (63.6) 20 (60.6) 3(9.1] 0 (0.0) 0(0.0] 0 (0.0

DIPs, distal interphalangeal joints; GSS, grey scale synovitis; MCPs, metacarpophalangeal joints; PD, Power Doppler;

PIPs, proximal interphalangeal joints; US, ultrasound.

The number (percentage) of subjects with =1 ultrasound abnormality in each joint region is depicted.

score with the SF-SACRAH (corr, .= 0.41) and
the HAQ (corr,,.= 0.49).

There was no association between the number of
joints with bony enlargements and pain.

The osteophyte sum score revealed low to moder-
ate correlations with the number of joints with
bony enlargement in Group A (corr,.,=0.36)
and Group B (corr..4 0.51), respectively, while
other ultrasound scores revealed no relevant cor-
relations (see Supplementary Table 2).

Weak correlations were also found between the
GSS sum score and the SJC (corr,,.z=0.370) as
well as between the osteophyte sum score and the
TJC (corr,,=0.457) in Group A (Group B had
per definition no tenderness or soft swelling of the
joints).

Group C was not included in this analysis because
of the absence of clinically evident bony enlarge-
ments, tenderness, or swelling of the joints.

Reliability exercise

Inter-rater reliability was good with a linear
weighted kappa index of 0.83 [95% confidence
interval (CI)=0.78-0.88] for semiquantitative
scoring of all lesions. Kappa for GSS was 0.72
(95% CI=0.57-0.86), for osteophytes was 0.69
(95% CI=0.58-0.80), for PD-signals was 0.96
(95% CI=0.88-1.0), and for erosions was 1.0
(95% CI=1.0-1.0).

Intra-reader reliability of ultrasound findings
ranged from moderate to good. Linear weighted
kappa indices were 0.94 (95% CI=0.91-0.98)
and 0.81 (95% CI=0.76-0.86) for all lesions,
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0.78 (95% CI=0.65-0.91) and 0.79 (95%
CI=0.68-0.90) for GSS, 0.98 (95% CI=0.96-
1.0) and 0.59 (95% CI=0.46-0.72) for osteo-
phytes, 1.0 (95% CI=1.0-1.0) and 1.0 (95%
CI=1.0-1.0) for PD-signals, as well as 1.0 (95%
CI=1.0-1.0) and 1.0 (95% CI=1.0-1.0) for ero-
sions according to the raters C.D. and A.A.,
respectively.

Discussion

Our study suggests a possible link of structural
changes and inflammation, which can both be
detected by ultrasound, with symptomatic HOA.
GSS and PD were more common in the group
fulfilling the ACR criteria for HOA than in indi-
viduals with painless bony enlargements and sub-
jects with apparently normal fingers.

The prevalence of structural findings was compa-
rable in Groups A and B, and still, >90% of sub-
jects without any clinical symptoms at finger
joints had osteophytes with or without other
ultrasound abnormalities. This observation fur-
ther stimulates the discussion about whether
every osteophyte can be considered a pathology,
that is, OA, or whether it simply makes part of
health aging, at least to a certain degree, particu-
larly when it is not associated with pain, aching,
or functional restrictions.?’ The alternative
hypothesis is that OA (assuming that osteophytes
detected by imaging would be sufficient for a
diagnosis of OA) affects the vast majority of the
elderly people becoming clinically manifest only
in a proportion of them, namely, in those with
joint inflammation and a high extent of structural
damage, which might be determined by genetic
and other factors. It has previously been shown
that radiographic features of HOA are very com-
mon, but only some of these people develop
symptoms. In the Framingham study, for exam-
ple, the prevalence of radiographic HOA was sim-
ilarly high in women and men (94,4% wversus
88.6%), while symptoms occurred twice as com-
mon in women.?!

In our study, we also observed that the majority of
patients with symptomatic HOA were women,
while the majority of people with painless bony
enlargement were men. This might be related to the
fact that in the overall study population, there was
male predominance but could also indicate that
painless bony enlargement of joints is distributed
differently between sexes than symptomatic HOA.

We moreover observed that the number of joints
with bony enlargement correlated with the sono-
graphic osteophyte score. Ultrasound-verified
osteophytes further correlated with joint tender-
ness, which is in line with earlier research.??

GSS, PD, and osteophyte grades but not the prev-
alence of osteophytes were higher in Group A
than in Group B (see Tables 2 and 3) suggesting
that low-grade osteophytes may be painless,
whereas the progression of bone formation from
low to high grade is associated with or might even
cause inflammation and aching. The observation
that the number of clinically enlarged joints in
Group A was nearly twice as high as in Group B
further supports this conclusion. Another hypoth-
esis is that structural changes precede clinically
apparent HOA. This is supported by a recent
study suggesting that ultrasound-verified osteo-
phytes predicted the onset of radiographic and
clinical HOA after 5 years.??> A follow-up of the
Bruneck study is already scheduled to shed more
light on this issue. Whether structural changes in
HOA itself cause synovitis by mechanical means
promoting additional structural changes and pain
also needs to be clarified by future studies. While
we observed an association between pain, inflam-
mation, and structural changes, the causal and
temporal relationship (i.e. whether inflammation
precedes structural damage or vice versa) can only
be clarified by a longitudinal follow-up design.

A related issue is the possible relevance of GSS
and PD findings in asymptomatic patients, as
observed in up to two thirds of individuals in
Groups B and C. It is conceivable that subclinical
inflammation occurs along with (or precedes)
joint degeneration as recently observed in a histo-
logical study of knee OA,24 and this is also sup-
ported by the correlation of GSS/PD scores with
structural damage in our cohort. In other studies,
it has been concluded that low-grade inflamma-
tory findings may occur in healthy subjects and
are thus non-specific.?> The majority of GSS and
PD changes in our study were of grade 1. In
accordance with previous publications, this could
still be considered within the range of normal,26:27
and maybe, the cut-off for abnormal GSS and PD
scores has to be adjusted for age in future studies.
Moderate- to high-grade synovitis, which might
be more relevant for clinical and structural out-
comes, has been observed in only one-fifth of
subjects in Group B and in <10% of individuals
in Group C.28
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In patients with clinically manifest HOA, osteo-
phytes and PD-signals correlated with functional
impairment and pain. Osteophytes furthermore
also correlated with functional impairment in
patients without pain or visible bony enlarge-
ments. This result is in line with previous publica-
tions extending our knowledge on the association
between inflammation, damage, and patient-
reported outcomes. Others reported that inflam-
mation was more common at individual painful
joints as compared with sites without tenderness,
while the overall level of pain was not linked to
global synovitis scores.?3! This might be
explained by a limited sensitivity of global pain
scores to detect inflammation as pain is influ-
enced by comorbidities and other factors.32

The DIP2 was the most commonly affected indi-
vidual joint which might be influenced by a higher
mechanical load at this site.?? Structural and
inflammatory findings, however, were also com-
mon at MCPs, even if these joints are not typi-
cally affected clinically in patients with HOA.
Erosions were frequent at MCPs (and in particu-
lar MCP2), underlining the previous observation
that erosions at these sites are not always specific
for rheumatoid arthritis.>* An alternative hypoth-
esis is that in some cases, two close osteophytes
appearing like a breakage in the bone might have
erroneously been classified as erosions (pseudo
erosions) and that vessel channels at MCPs might
have been misinterpreted as erosions.3> A cadaver
study comparing ultrasound, micro-computed
tomography (WCT), and histology at PIP and DIP
joints recently highlighted a low sensitivity (but
high specificity) of ultrasound (and pCT) to
detect erosions in HOA when histology was used
as the gold standard.3¢

Subclinical involvement of MCPs in HOA might
partially be determined by genetic factors. A link-
age between variations in the HFE gene and
HOA?37 has been described, and it is well known
that hereditary hemochromatosis, caused by
mutations in the HFE gene, commonly affects
MCP2 and MCP3 with painful arthritis and
extensive degenerative changes.3” While our
cohort was not tested systematically for any HFE
mutation, our patients had no clinical or labora-
tory sign of hemochromatosis. Further research is
required to better understand the possible asso-
ciation between polymorphisms in the HFE and
other genes and the degree of clinical, structural,
and inflammatory ultrasound findings in HOA.

The most important limitation of our study is the
absence of radiographs to assess the grade of OA.
Previous studies revealed a lower association of
pain with radiographic as compared with ultra-
sound changes; however, we were unable to vali-
date or refute this observation.?® For the
classification of HOA patients, we relied on the
ACR criteria where x-ray data are not required
but could not test alternative definitions of HOA.”
For the detection of osteophytes, ultrasound
seems to be much more sensitive than conven-
tional radiography,?® and the possible value of
ultrasound for classification and diagnosis of
HOA needs to be evaluated. We defined individ-
uals who did not fulfill the ACR criteria as con-
trols despite having ultrasound-verified structural
changes, which might be debatable. As outlined
above, almost 100% of individuals in all groups
had at least one osteophyte; hence, the question
remains open whether all these individuals should
be diagnosed with HOA or whether low-grade
structural changes, particularly in the absence of
pain, can be considered as normal aging.

The difference in GS and Doppler measures
between Groups A and B may be explained by the
fluctuating nature of HOA, at least to some
extent. Whether the classification of people with
ultrasound-verified structural joint changes as
HOA, as compared with traditional algorithms
using clinical examination and radiography,
might lead to earlier pharmacological interven-
tions and better long-term outcomes has to be
clarified by future studies.

Moreover, interobserver reliability was not con-
ducted for clinical examination; however, exams
were always performed by the same investigator
who was specifically trained for the purpose of
this study.

There has been significant attrition from the orig-
inal cohort of the Bruneck study mainly because
of death or declining health of people. This could
certainly have led to a selection bias toward exam-
ination of those with healthy aging. Of note, the
participation rate of each round of the Bruneck
study exceeded 90%.

A further limitation concerning the group defini-
tion is that while patients were asked whether
they had any history of joint pain, we cannot
exclude that some patients did not recall or report
correctly previous episodes of aching leading to
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misclassification of some patients. On the other
hand, it is likely that inflammatory findings at
joints are more closely related to current rather
than to any episodes of previous, self-limiting
pain. For future phases of the Bruneck study, we
plan multiple assessments at several time points
to better map the temporal relation between pain
and inflammation.

We did not include patients with joint symptoms
but not fulfilling classification criteria for HOA. It
might be that some of these patients later develop
classic HOA, but some of them might also develop
inflammatory arthritis. As the Bruneck study is
scheduled as a follow-up study, we will have the
opportunity to evaluate the outcome of these
patients in the next round of this study.

Another limitation is the fact that we had no relia-
ble information on the onset of joint enlargements,
because patients had difficulties to recall it. This
precludes correlation analyses between the dura-
tion of joint changes and ultrasound findings.

Conclusion

In our study, we found GSS and PD inflamma-
tion as well as the extent of osteophytes to be
higher in patients with HOA classified by the
ACR criteria, as compared with those with pain-
less bony enlargements of finger joints. In HOA,
osteophytes and PD could be a possible link to
functional restrictions and pain. Ultrasound-
verified osteophytes and synovitis were also
detected in our elderly subjects without clinically
overt HOA.
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