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Abstract The aim of this study was to describe the histolog-
ical features of erosive hand osteoarthritis (EHOA), which is
considered an aggressive subset of hand osteoarthritis (OA)
characterized by severe local inflammation and degeneration
of the distal and proximal interphalangeal joints. Two patients
with EHOA underwent replacement with a cement-free press
fit ceramic prosthesis of a proximal interphalangeal joint
(PIPJ). Clinical and radiological data were collected and his-
tological examination was performed. Radiological examina-
tion with histological correlation showed complete erosion of
the articular cartilage with focal presence of peripheral
fibrocartilaginous resurfacing, sclerosis, and remodeling of
the exposed bone, osteoclastic activity with resorptive lacunae
in the subchondral bone and around degenerative fibromyxoid
pseudocysts, coarse trabeculation of the cancellous bone, and
marginal osteophytes. The synovial membrane showed non-
specific mild hypertrophy and mildly cellular fibromyxoid
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stroma. The histological findings in patients with EHOA sug-
gest a pathogenesis of cartilage resorption from the
subchondral bone, via osteoclastic-mediated activity and for-
mation of periarticular reactive fibrocartilaginous proliferation
with partial resurfacing of the articular surface.
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Introduction

Erosive hand osteoarthritis (EHOA) is considered an aggres-
sive variant of hand osteoarthritis (OA) characterized by se-
vere local inflammation and degeneration of the distal (D) and
proximal (P) interphalangeal joints (IPJs) [1-3]. The common
clinical features of EHOA include inflammatory flares with
severe pain, joint swelling, and important functional impair-
ment. EHOA differs from the classical form of hand OA be-
cause of clinical features characterized by more than one joint
simultaneously affected, instead of a “monoarthritis
multiplex” pattern [4], and radiographic parameters showing
subchondral erosions with central collapse, cortical destruc-
tion, and the consequent reparative process leading to ankylo-
sis [5]. Although clinical and radiological features of EHOA
have been well described and summarized by our group in
previous articles [4, 5], the mechanisms involved in the initi-
ation and progression of joint degeneration have not been
clearly identified. Although cartilage destruction is the hall-
mark of OA, it is now well established that OA is not only a
disorder of cartilage homeostasis, but a whole-joint disease
involving all the articular tissues, including the synovial mem-
brane and subchondral bone [6-8]. EHOA is considered to
have a greater inflammatory onset compared with non-
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Table 1

Clinical features of patients affected by erosive hand osteoarthritis (EHOA) underwent prosthesis of the proximal interphalangeal joint (PIP.J)

Clinical patient characteristics

Patients  Age BMI (kg/cm?)  Comorbidity Familial history Disease Therapies Vas Surgery
(years) duration
(years)

1 65 21.9 Impaired glucose Mother with 1 Hydroxychloroquine, 50 Index finger right

tolerance nodal OA chondroprotector, PIPJ, 2012
NSAIDs

2 61 26.4 Hashimoto Sister with EHOA 7 Hydroxychloroquine, 70 Long finger right

thyroiditis chondroprotector, PIPJ, 2010

paracetamol, NSAIDs

BMI body mass index, OA osteoarthritis, NSA/Ds non-steroidal anti-inflammatory drugs

erosive hand OA. As matter of fact, in EHOA, more inflam-
matory signs are found on the clinical, ultrasound, and mag-
netic resonance imaging (MRI) evaluations compared with
non-erosive hand OA [9, 10] and an increase in a soluble
interleukin-2 receptor has been described [11]. Moreover, in-
creasing ultrasensitive CRP has been correlated with disease
activity measured as the number of affected joints [12—14].
Although imaging and biochemical evidence supports a
synovial-based inflammatory mechanism for the development
of EHOA, these observations do not fully explain or address
the subchondral bone findings (joint space narrowing,
osteophytes, subchondral sclerosis, central erosion and
pseudo-widening, pseudocyst, and mal alignment) [15]. No
histological studies have been carried out to examine the
whole joint (synovium, articular cartilage, and subchondral
bone) in EHOA in the past three decades [16]. The aim of
the present study was to describe the histological findings of
the affected joints in two patients with the clinical and radio-
logical appearance of EHOA who underwent replacement of a
proximal interphalangeal joint (PIPJ) with a cement-free press
fit ceramic prosthesis.

Materials and methods
Clinical aspects

A total of 156 outpatients attending the Hand OA Clinic,
Rheumatology Unit, University of Padova, Italy, from 2010 to
2015, fulfilling the American College of Rheumatology criteria
for hand OA [17], were studied. Criteria for inclusion in the
EHOA group were at least two areas of erosion in any IPJ with-
out the presence of erosions in the metacarpophalangeal joints,
resulting in a total of 109 patients.

Two women aged 65 and 61 years respectively, underwent
prosthetic surgery of PIPJ. The joint involved was the right
index finger PIPJ in one and the right long finger PIPJ in the
other. The following clinical data were collected: age, sex,
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BMI, comorbidities, familial predisposition for hand OA, dis-
ease duration, treatments, pre-operative VAS, pre-operative C
reactive protein (PCR), erythrocyte sedimentation rate (ESR),
and joint target of the surgery. The ethics committee of the
Padova University Medical Centre approved the study.
Informed consent was obtained from all individual partici-
pants included in the study. The main clinical characteristics
of the two patients are reported in Table 1. Pre-operative CRP
and ESR were within the normal range in both patients. VAS
was 50 in the first patient and 70 in second. Both were treated
with hydroxychloroquine, cartilage protectors, and non-
steroidal anti-inflammatory agents.

Radiological aspects

Hand radiographs were performed in antero-posterior
and coronal-oblique views and evaluated by an experi-
enced musculoskeletal radiologist. The following radio-
logical parameters were recorded, according to the com-
bined Altman and Oslo radiological scoring systems:
joint space narrowing (JSN), osteophytes, erosions, pres-
ence of central erosion and pseudo-widening,
subchondral sclerosis, pseudocysts, and mal alignment
[18, 19].

Fig. 1 Radiographs of a finger with erosive hand osteoarthritis (EHOA) P>
underwent prosthesis (antero-posterior [A-P] and coronal-oblique [C-O]
views). a Index finger proximal interphalangeal joint (PIPJ; first patient)
severe joint space narrowing and moderate osteophytes on both articular
sides, several small/moderate erosions with a total size of large erosions
on both sides, a small cyst proximally, and mal alignment on the frontal
view. b Index finger PIPJ (first patient) with an implanted prosthesis. ¢
Long finger PIPJ (second patient) severe joint space narrowing and beak
osteophyte (long thin arrow), severe erosions on both articular sides,
pseudowidening on the proximal and volar sides, subchondral sclerosis,
degenerative pseudocysts proximally (short thick arrow) and mal align-
ment on the frontal view. d Prosthesis of the long finger PIPJ (second
patient) failed and was removed after 2 years
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Surgical procedure and implant type

The surgical procedure was carried out under regional anes-
thesia. Access was obtained dorsally via a longitudinal

incision in the PIPJ region. Through the longitudinal division
of the extensor tendon the PIPJ was exposed and transversally
resected proximally and distally by careful osteotomy preserv-
ing as many collateral ligaments as possible. The cement-free
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press fit Moje ceramic prosthesis was inserted using an im-
pactor [20]. Radiograph fluoroscopy was carried out to check
the exact seating of the implants. Longitudinal closure of the
central slip of the extensor tendon was carried out with
interrupted sutures.

Histological aspects

Joint articular and synovial tissues removed at surgery were
submitted for histological examination. Joint samples were
fixed in formalin, decalcified, processed through a standard
cycle, embedded in paraffin, cut into 5-um slices, and stained
with hematoxylin and eosin. Picosirius red and trichrome
stains for examination of bone and collagen structure were
also performed. The histological examination was carried
out by two experienced musculoskeletal pathologists (GP
and MLV). The following histological parameters were exam-
ined: degree of articular cartilage erosion according to the
OARSI scoring system [21], subchondral bone sclerosis de-
fined as dense thickening of the cancellous bone trabeculae
below the cartilage tide mark with loss of orientation, the
presence of osteophytes defined as peripheral growth of reac-
tive osteochondral tissue through endochondral ossification,
and degenerative fibromyxoid pseudocysts defined as
subchondral spaces without identifiable cell lining completely
or partially filled with reactive fibroblasts embedded in a myx-
omatous matrix, osteoclast activation, vascular crossing of the
tide mark, and synovial inflammation (superficial cell layer
thickness with or without fibrinous exudate, stromal prolifer-
ation, the presence of perivascular and interstitial
lymphoplasmacytic inflammatory infiltrate, and an
eosinophilic/neutrophilic component). Histological findings
correlated with the radiographic features of the EHOA
patients.

Results
Radiological examination

The radiographs of the first case showed large, central ero-
sions in the proximal part of the joint and smaller ones in the
distal part (Fig. 1a) and the implanted prosthesis (Fig. 1b). The
radiographs of the second case showed moderate erosions in
both proximal and distal parts with a pseudo-widening appear-
ance (Fig. 1c) and the removal of the failed prosthesis 2 years
after implantation (Fig. 1d). Both had large osteophytes in the
proximal and distal parts of the joint and severe joint space
narrowing with bone-to-bone contact, proximal and distal
subchondral bone sclerosis, degenerative pseudocysts, and
mal alignment (Fig. 1a, c, and e).

@ Springer

Histological examination

The histological examination showed complete erosion of the
articular cartilage with sclerosis and remodeling of the ex-
posed bone and focal presence of fibrocartilaginous
resurfacing (Fig. 2a, b). Osteoclastic activity with resorptive
lacunae was evident in the subchondral bone (Fig. 2¢) and
around degenerative fibromyxoid pseudocysts. Vascular pro-
liferation with crossing of the tide mark could not be assessed
because of the complete loss of articular cartilage.
Periarticular, moderate cellular proliferation of
fibrocartilaginous tissue was also present (Fig. 2d). Large,
marginal osteophytes were also identified in separate frag-
ments (Fig. 2e). Synovial membrane, although with limited
sampling, showed nonspecific mild hypertrophy and mildly
cellular fibromyxoid stroma with an absence of fibrinous ex-
udate, proliferation of the lining cell layer, interstitial mast
cells, and perivascular or interstitial lymphoplasmacytic in-
flammation (Fig. 2f).

Radiological-histological correlation

The histological features showed correlation with the radio-
logical findings, although the descriptive terms used in radi-
ology and pathology for the same lesion can be different, in
addition to the resolution power of the image:

1. Complete loss of cartilage with sclerosis of the
subchondral bone is evident in Figs. 1a, ¢ and 2a

2. The degenerative pseudocysts observed in both cases ra-
diologically (Fig. 1c, short thick arrow) correspond to the
large pseudocyst evident in Fig. 2a

3. The subchondral radiological erosions correspond histo-
logically to the subchondral osteoclastic erosive activity
shown in Fig. 2¢ and/or to the coarse trabeculation of the

Fig. 2 Histological characteristics of a—f EHOA and g, h juvenile P
idiopathic chondrolysis. a PIJP proximal articular bone of the second
patient showing loss of cartilage, remodeling, and resorptive
osteoclastic activity of the subchondral bone, formation of a large
degenerative fibromyxoid pseudocyst, and focal fibrocartilaginous
surface proliferation (picrosirius red stain, x25). b Same section as in a
showing osteoid formation (red), mineralized bone (blue), and surface
fibrocartilaginous tissue (blue) (Mallory’s trichrome stain, x25). ¢
Subchondral osteoclastic erosive activity (detail in the insert at x400)
and fibrocartilaginous surface proliferation (Mallory’s trichrome stain
x40). d Marked periarticular fibrocartilaginous proliferation (Mallory’s
trichrome stain, x100). e Beak osteophyte (picrosirius red stain, x40). f
Synovial lining showing mild hypertrophy with slight myxomatous cell
proliferation, abundant matrix, and slight reactive capillary proliferation
with mild ectasia (H-E stain, X200). g Juvenile idiopathic chondrolysis
showing loss of cartilage with reparative surface fibrocartilaginous
proliferation (Safranin-O stain, x40). h Juvenile idiopathic chondrolysis
showing subchondral resorptive osteoclastic activity (safranin-O stain,
x400)
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cancellous bone, with variation in size of the intervening
marrow spaces and bone density more evident in Fig. 2¢
in the area of osteophyte formation, although in the qui-
escent phase (end-stage) there was no increase in
osteoclastic/osteoblastic activity

4. The pseudo-widening of the joint is secondary to bone
remodeling and osteophytic formation and it is evident
radiologically and not histologically because of the sepa-
ration of the proximal and distal parts of the joint at
surgery

5. Marginal osteophytes, Fig. 1c (long thin arrow) and
Fig. 2¢

6. Only indirect correlation can be provided for the exami-
nation of the formation of reactive fibrocartilage and sy-
novial reaction because they are not visualized by radio-
graphic examination and would require a CT scan or MRI
studies for a meaningful comparison

Discussion

The pathogenesis of this aggressive form of OA is still largely
unknown [1]. Any morphological and structural study of the
changes that occur in EHOA should be interpreted with the
purpose of better understanding the mechanisms involved in
cartilage loss and bone erosion.

In our two cases, both patients had an erosive pattern on
radiology, with some peculiar features of this disease such as
central erosion and pseudo-widening. Large peripheral
osteophytes, severe joint space narrowing, and mal alignment
were also present. The reason why patients underwent joint
replacement was intense pain not relieved by the pharmaco-
logical treatment and marked joint deformity.

The histological examination confirmed the radiological
findings of a severe disruption of articular architecture with
the complete loss of the cartilage and sclerosis of the exposed
bone, erosions of the subchondral bone by osteoclastic resorp-
tion, formation of degenerative fibromyxoid pseudocysts, and
formation of large marginal osteophytes. These findings re-
flect the end stage of a degenerative process common to all
types of OA [21]. Histological features that can be related to
the specific onset and progression of EHOA were the presence
of erosive subchondral osteoclastic activity with formation of
resorptive lacunae in the superficial layer of the exposed bone
and coarse trabeculation of the cancellous bone indicative of
extensive remodeling activity, which correlates with the cen-
tral, subchondral bone erosions observed radiologically, and
the formation of moderately cellular periarticular
fibrocartilaginous proliferation with focal substitution of the
articular surface. Of note was the absence of lining cell layer
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proliferation and perivascular and/or interstitial inflammatory
infiltrate of the synovium in addition to the presence of a
mildly proliferative fibromyxoid stroma, in stark contrast to
the findings observed in inflammatory joint diseases of rheu-
matic disorders. These observations are to some extent in con-
trast with the previous histological evidence reported in two
publications from the same research group [22, 23]. The two
studies examined only the synovium at different stages of the
disease and the findings of the synovial structure are not dis-
similar to those we have observed in our cases, with the ex-
ception of an interstitial lymphocytic inflammatory infiltrate
of variable intensity and an exudative component, which may
be features of an earlier, acute stage of the disease, and sub-
sided at the late stage of our observations. The subchondral
bone was not analyzed and therefore no correlation is possible
with our observations. In the second report [22], the inflam-
matory findings in the synovium of EHOA cases are reported
to be quite similar to those of rtheumatoid arthritis (RA) pa-
tients; our observations, albeit limited, do not support it, be-
cause villous hypertrophy and synovial sclerosis produce a
bulky synovitis, which was absent in both of our cases.
Observations corroborating our hypothesis of a primary
subchondral erosion of the cartilage is the absence in the cases
previously reported of either subchondral inflammation and/or
marginal invasion of the subchondral bone by the inflamed
synovium and the absence of an erosive synovial pannus.

The observed findings are suggestive of a contribution of
cartilage resorption from the subchondral bone via osteoclas-
tic mediated activity and formation of periarticular reactive
fibrocartilaginous proliferation with partial resurfacing of the
articular surface. Several studies report that there is a crosstalk
between cartilage and subchondral bone [24]. Moreover, the
potential role of the subchondral bone is also confirmed by the
finding that the levels of C-telopeptide of type I collagen, a
specific marker sensitive to bone resorption, is increased in
patients with EHOA compared with non-EHOA [25]. We
have observed a similar histological pattern in the hip joints
of pre-adolescents affected by idiopathic chondrolysis, in
which there is resorption of the cartilage with subchondral
osteoclastic activity and formation of proliferative
fibrocartilaginous tissue on the articular surface and synovium
within normal limits (Fig. 2g, h), associated with the rapid
onset of crippling pain, stiffness, and a marked decrease in
the range of motion with no significant response to therapeutic
agents (unpublished data).

In conclusion, more observations are needed, possibly
with samples at various stages of development of the
process, with studies of immunohistochemistry coupled
with gene expression characterization to shed light on
this clinically relevant subset of patients affected by
EHOA.
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