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Fig. 1. MicroRNA biogenesis. Canonical pathway: miRNA are transcribed by RNA polymerase II/III starting from
genomic sequences and processed by the microprocessor complex, containing at least Drosha and Dgcr8 in the nucleus in
pre-miRNAs of about 70 nucleotides. This pre-miRNA is then exported through the Exportin-5 pathway into the cytoplasm
where it is further processed into a mature miR/miR* duplex by DICER, a second RNase Il endonuclease together
with its catalytic partner TAR-binding protein (TRBP) and one Argonaute (Ago2). The filament 5°, which is less stable,
preferentially enters a part of the RNA-induced silencing complex (RISC); the latter is driven by the miRNA interaction
with the target mRNA. On the basis of a complementary level, the target miRNA is either degraded or it is inhibited by the
translation. The figure also indicates the siRNA biogenesis, which originates from long dsRNA molecules processed by
DICER. Alternative pathway: Mirtrons, the intron-derived miRNAs, are spliced (spliceosome) and debranched by lariat
debranching enzyme (Ldbr), after which they fold into pre-miRNA hairpins. The mirtron hairpins are exported from the
nucleus by Exportin-5 and cleaved by DICER to generate ~ 22 nucleotides RNA duplexes. One strand, the active miRNA,
is transferred to an Ago complex and guides it to repress fully complementary or seed-matched target transcripts.

OA. The miRNAs potentially involved in OA were
observed using cartilage specimens isolated from
patients with OA and compared to those from healthy
age-matched control (Table I).

In 2008, Iliopoulus et al. (30) integrated genetic,
bioinformatic and proteomic approaches in order to
identify new genes and their collaborative networks
involved in OA pathogenesis. They tested the

expression of 365 miRNAs in articular cartilage
obtained from patients with OA undergoing knee
replacement surgery and from normal individuals
with no history of joint disease, identifying 16
miRNAs, with 9 miRNAs significantly up-regulated
(miR-16, miR-22, miR-23b, miR-30b, miR-103,
miR-223, miR-377, miR-483 and miR-509) and 7
miRNAs down-regulated (miR-25, miR-26a, miR-
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Table L. Summary of microRNAs (miRNAs) implicated in osteoarthritis (OA).

A. FIORAVANTI ET AL.

microRNAs Regulation in OA Target gene(s) Function (s)/pathways involved

miR-9 Up-regulated MMP-13 Inflammatory response

miR-21 Up-regulated GDF-5 Inh1b1tloq of chondrocytes
proliferation

miR-22 Up-regulated PPARq, BMP7 Inflammatory response, aging

miR-24 Down-regulated CDKN2A Aging

miR-25 Down-regulated ITAGAS Biomechanic pathways

miR-26a Down-regulated ASPN Cartilage homeostasis and structure

miR-27a Down-regulated MMP-13, IGFBP-5 Cartilage homeostasis

miR-27b Down-regulated MMP-13 Cartilage homeostasis

miR-29a Down-regulated LEP Lipid metabolism pathways

miR-34a . .

miR-34b Down- regulated SIRT1 Apoptosis, aging

miR-98 Up-regulated TNF-a Inflammatory response

miR-103 Up-regulated ACOX1 Lipid metabolism pathways

miR-125b Down-regulated ADAMTS4 Cartilage homeostasis

miR-127-5p Down-regulated MMP-13 Cartilage homeostasis

. ADAMTSS, Aggrecan, . .

miR-140 Down-regulated IGEBP-5. MMP-13 Cartilage homeostasis

miR-145 Up-regulated SOX-9, SMAD3 Cartilage homeostasis

miR-146 Down-regulated TRAF6, IRAK 1 Inflammatory —response  (NF-kB
pathway)

miR-146a Up-regulated VEGEF, SMAD4 Chondrocyte apoptosis

. COL2AT, COLTO0AT, . .

miR-148a Up-regulated MMP13. ADAMTS.5 Cartilage homeostasis

miR-149 Down-regulated - TGF-B, Wnt, Erb and mTOR signalling

miR-181b Up-regulated MMP13 (indirect effect) Cartilage development

miR-193b Up-regulated COL2al, Aggrecan, SOX-9 Cartilage homeostasis

miR-199a Down-regulated COX-2 Inflammatory response

miR-320¢ Down-regulated ADAMTS-5 Aging

miR-455 Up-regulated SMAD2, ACVR2B, CHRDL1 | C'ondrocyte  differentiation and
maintenance

miR-337 Down-regulated RETN Lipid metabolism pathways

miR-483-5p Up-regulated - TGF-B, Wnt, Erb and mTOR signalling

miR-558 Down-regulated COX-2 Inflammatory response

miR-675 Up-regulated COL2AI (indirect effect) Chondrocyte  differentiation — and
maintenance

miR-210 Down-regulated CASP10, CASP6 Apoptotic mechanisms

miR-370, . .

miR-373 Down-regulated SHMT-2, MECP-2 Apoptotic mechanisms

miR-195 Down-regulated HIF-1la Apoptotic mechanisms

miR-16 Up-regulated TPM2, CRTAP, GDF5, | Cartilage homeostasis and structure

miR-23b CART1, ACAN, SOX-9

miR-223

miR-377

miR-483

miR-509

miR-582-3p Down-regulated - TGF-B, Wnt, Erb and mTOR signalling

miR-1227

miR-634

miR-576-5p

miR-641

miR-130a Down-regulated - TNF-a expression

29a, miR-140, miR-210, miR-337 and miR-373)
in OA cartilage compared to normal controls. Five
of these statistically correlated with body mass

index (BMI), miR-22 and miR-103 expression
was positively correlated with BMI, while miR-25,
miR-337 and miR-29a expression was inversely
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correlated, pointing towards the potential role of
miRNAs in obesity and inflammation. Furthermore,
miR-22, directly targets peroxisome proliferator—
activated receptor o (PPARa) at the protein level and
BMP-7 at the mRNA level (30).

Another group (31) identified 17 miRNAs that
showed greater than 4-fold differential expression
between OA and normal cartilage, and 30 miRNAs
that showed greater than 4-fold differential expression
in OA bone. The altered expression of miR-9, miR-
98, and miR-146 in OA cartilage were highlighted.
The over-expression of these miRNAs also reduced
IL-1p—-induced TNF-a production, while inhibition
and over-expression of miR-9 modulated MMP-13
secretion (31).

Diaz-Prado et al. (32) more recently analyzed the
expression profile of 723 miRNAs in normal and OA
chondrocytes. Seven miRNAs showed a statistically
significant differential expression, of which 1 was
up-regulated in OA chondrocytes (miR-483-5p)
and 6 were up-regulated in normal chondrocytes
(miR-149, miR-582-3p, miR-1227, miR-634, miR-
576-5p and miR-641). Interestingly, these miRNAs
were predicted to function in articular cartilage via
the TGF-B, Wnt, and Erb signaling, all implicated
in the development, maintenance and destruction of
articular cartilage (32).

Recent studies have revealed the cartilage-
specific expression of miR-140 in mouse embryos
and zebrafish (33, 34). The miR-140 gene is located
between exons 16 and 17 of the E3 ubiquitin protein
ligase gene Wwp2 on murine chromosome 8 and the
small arm of chromosome 16 in humans. The miR-
140 expression in the cartilage of patients with OA
was significantly lower than that in normal cartilage
(35).

In 2009, Miyaki et al. (35) used miRNA
microarrays to profile and compare miRNA expression
between human normal and OA chondrocytes,
and bone marrow-derived mesenchymal stem
cells (MSCs). Microarray analysis showed that
miR-140 had the largest difference in expression
between chondrocytes and MSCs; furthermore,
normal chondrocytes, expressed miR-140, and this
expression was significantly reduced in OA tissue. In
addition, they evaluated changes in expression of the
selected miR-140 in chondrocytes stimulated by IL-
1B. In vitro treatment of chondrocytes with I1L-10, a

cytokine classically involved in the pathogenesis of
OA, suppresses miR-140 expression (35).

Conversely, transfection of chondrocytes
with  miR-140 down-regulates IL-1pB-induced
ADAMTS-5 expression and rescues the IL-1B-
dependent repression of aggrecan gene expression.
The results of this study suggest that miR-140 is a
chondrocyte differentiation—related miRNA and it
is a regulator of cartilage homeostasis; moreover, it
plays an important role in the pathogenesis of OA
(36). Additionally, deletion of miR-140 predisposed
mice to the development of age-related OA-like
changes and increased cartilage destruction in the
surgical model of OA (37). Conversely, transgenic
(TG) mice over-expressing miR-140 in cartilage
were resistant to antigen-induced arthritis. OA-like
changes in miR-140-deficient mice can be attributed,
in part, to elevated ADAMTS-5 expression, regulated
directly by miR-140 (37).

Tardif et al. (38) investigated the role of miR-140
and miR-27a in the gene expression of two important
factors involved in OA, insulin-like growth factor
binding protein 5 (IGFBP-5), and MMP-13 in
human OA chondrocytes. The authors suggest that
miR-140 could act directly on decreasing IGFBP-5
expression but that miR-27a indirectly decreases
both MMP-13 and IGFBP-5 (38). More recently,
the same group observed that Smad3, a downstream
mediator of the transforming growth factor (TGF)-f
pathway, reduces expression of miR-140; this
regulation is mediated by direct binding of Smad3
to a regulatory sequence unique to the miR-140 gene
(39). Furthermore, this study highlighted that nuclear
factors of activated T-cells (NFAT) transcription
factors 5 and 3, regulated miR-140 probably in the
same manner (39).

Other authors showed elevated expression of
miR-140 and MMP-13 in IL-1p-stimulated C28/
12 cells, and expression of miR-140 was shown to
be NF-kB dependent (40). These studies clearly
revealed the critical role of miR-140 in OA.

The work of Tardif named above suggested that
miR-27a was decreased in OA compared with normal
chondrocytes and that miR-27a indirectly down-
regulates MMP-13 and IGFBP-5 (38). The human
genome contains 2 miR-27 genes (miR-27a and
miR-27b), and their major products differ by only 1
nucleotide in the 3’ region localized in chromosome
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19 and 9 respectively.

An in vitro study investigated the role of miR-
27b on normal and OA chondrocytes stimulated
with IL-1p (41). The results showed that at basal
condition the expression of miR-27b was low in OA
cartilage in comparison to normal cartilage samples
and that neither produced barely detectable levels of
MMP-13. However, when the cells were stimulated
with IL-1p, the expression of miR-27b was severely
down-regulated, and enhanced production of MMP-
13 protein was noted. In addition, IL-1f stimulation
at different time points also resulted in a time-
dependent inverse correlation between the expression
of MMP-13 and miR-27b. These results indicate that
miR-27b is a posttranscriptional regulator of MMP-
13 expression in OA chondrocytes (41).

Nakasa et al. (42) reported that miR-146a is
expressed more intensely in synovial tissues of
rheumatoid arthritis (RA) compared to that of OA
and normal individuals, and its expression in RA
synovial fibroblasts was induced by stimulation with
inflammatory cytokines such as TNF-a and IL-18
(42).

There is the possibility that miR-146a might be
expressed in OA cartilage and thus participate in
the anabolic and catabolic balance. The expression
of miR-146a in cartilage from 15 patients with OA
was analyzed by Yamasaki et al. (43); they showed
that miR-146a was intensely expressed in low grade
OA cartilage while it reduced as OA advanced,
and that its expression was induced by stimulation
of IL-1B8. When miR-146a was highly expressed,
the expression of MMP-13 was low, suggesting
that miR-146a has target genes that play a role in
OA cartilage pathogenesis (43). These results were
in agreement with the study of Jones et al. (31)
that showed miR-146a was down regulated in OA
cartilage; over-expression of miR-146 in isolated
human chondrocytes reduced IL-1B-induced TNF-a
production, suggesting that this miRNA is a negative
regulator of inflammation in OA (31). Li et al. (44)
supported the theory that miR-146a plays a role in
knee joint homeostasis and OA-associated pain
symptoms, by balancing the inflammatory response
and expression of pain-associated factors in cartilage
synovium (44).

Another microRNA, hsa-miR-148a, was also
down regulated in OA cartilage compared to normal

(45). Over expression of hsa-miR-148a in OA
chondrocytes increased COL2A1 and decreased
COL10A1, MMPI3 and ADAMTS-5 gene
expression. In addition, over expression of hsa-
miR-148a stimulated the production of collagens,
specifically type II collagen, and enhanced
the retention and deposition of collagen and
proteoglycans, in cartilage matrix deposited by OA
chondrocytes. These data suggest hsa-miR-148a as a
potential disease-modifying compound in OA (45).

Santini et al. (46) demonstrated the down
regulation of miR-149 both in OA chondrocytes and
in a chondrosarcoma cell line stimulated by pro-
inflammatory cytokines, by IL-1p and TNF-a, and
hypothesized the existence of an autoupregulated
inflammatory circuitry mediated by miR-149,
potentially implicated in OA (46).

A recent report observed a down regulation of
miR-130a in human OA chondrocytes; miR-130a
played a pivotal role in regulating the expression of
TNF-a (47).

Two microRNAs, miR-199a and miR-558,
regulate the expression of cyclooxygenase-2 (COX-
2), strongly contributing to the inflammation and
cartilage degeneration in OA via prostaglandin E2
(PGE2) production (48, 49).

Chondrocyte death by apoptosis, necrosis,
chondroptosis, or combination of these processes
has been implicated in the pathogenesis of OA (50,
51). Several studies reported a possible link between
some microRNAs (miR-370, miR-373, miR-195,
miR-210) and the apoptotic process (52, 53).

Obesity constitutes a major risk factor for OA,
presumably due to excessive joint loading; however,
several studies demonstrated that obesity is also
a risk factor for non-weight-bearing joints (54).
Obesity is nowadays considered as a chronic low-
grade inflammatory status which is closely related to
the release, by white adipose tissue, of many factors,
most of them of pro-inflammatory nature (55).

Recent studies have identified the expression
profiles of miRNAs related to both cartilage and
adipose tissue (30). miR-26a exerts an inhibitory
effect on NF-«xB activity and pro-inflammatory
cytokine production in chondrocytes. In obesity,
elevated NEFA in circulation might stimulate NF-
kB activity, which suppresses miR-26a production
and potentiates the secretion of pro-inflammatory
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and chondrodestructive cytokines, inducing OA (56).

New evidence showed miR-33a as a dual regulator
of cholesterol synthesis and cholesterol efflux-related
genes in OA chondrocytes, suggesting its potential
role in the relationship between metabolic syndrome
and OA (57).

In addition to the miRNAs that we have discussed,
many more appear to play important roles in various
aspects of cartilage homeostasis and OA pathogenesis
(Table I). Understanding these complex miRNA
regulatory networks can provide scientific bases
for developing novel biomarkers and therapeutic
strategies for OA.

MicroRNAs and mechanotransduction

The appropriate mechanical stress has been known
to be required for cartilage homeostasis, however,
excessive mechanical load represents one of the most
important risk factors for OA (49). Several in vitro
studies have shown the importance of mechanical
compression or hydrostatic pressure (HP) as a
modulator of cartilage metabolism and morphology
(58-61). Understanding the mechanotransduction
pathway might be one way of approaching cartilage
homeostasis and OA pathogenesis. miR-221 and
miR-222 might be potential regulators of this
pathway, since their expression patterns in bovine
articular cartilage are higher in the weight-bearing
area as compared with the non-weight-bearing area
(62). miR-146a is involved in human chondrocyte
apoptosis in response to mechanical injury, as
demonstrated by Jin et al. (63). Mechanical pressure
affected chondrocyte viability and induced the early
apoptosis of chondrocytes, increasing the expression
levels of miR-146a accompanied by the upregulation
of vascular endothelial growth factor (VEGF) and
the down-regulation of Smad4. On the contrary,
the inhibition of miR-146a or the overexpression
of Smad4 reduced VEGF expression in the
mechanically injured chondrocytes. These findings
suggest that the dysregulation of miR-146a may
contribute to the pathogenesis of OA by inhibiting
Smad4, a key component in the anabolic forming
growth factor (TGF)-B pathway, by stimulating
VEGEF in the angiogenesis, chondrocyte hypertrophy
and extracellular matrix degradation pathways, and
by inducing chondrocyte apoptosis (63). These data
confirm previous results obtained in an OA mouse

model by Li et al. (64).
CLINICAL APPLICATION

MicroRNAs as biomarkers of OA

The search for biochemical markers able to
diagnose early stages of OA, predict and assess
disease progression, and monitor effects of disease
modifying treatments has intensified over recent
years. A significant number of biochemical markers
have been studied, but few of them have shown
substantial improvement in predicting OA, and none
has yet entered into clinical routine (65).

Circulating miRNAs are easily accessible and
stable, since they resist harsh conditions that would
normally degrade most RNAs, including boiling,
extreme pH, long-time storage and repeated freeze—
thaw cycles (66, 67).

Recent studies suggest that miRNAs in plasma can
be biomarkers for the diagnosis of lung, colorectal
and prostate cancer (68, 69). Plasma miRNAs are
also suggested to be potential biomarkers for drug-
induced liver injury, and myocardial injury (70, 71).
Recently Mitchell et al. (66) showed that miRNAs
are present in human plasma in a remarkably stable
form that is protected from endogenous RNase
activity (66). Furthermore, miRNAs are present in
dried biological fluids such as semen, saliva, vaginal
secretions, menstrual blood and synovial fluid.

Murata et al. (72) measured concentrations of
miR-16, miR-132, miR-146a, miR-155 and miR-223
in plasma and in synovial fluid from patients with
RA and OA and in plasma from healthy controls.
Synovial fluid miRNAs were present and as stable
as plasma miRNAs. In RA and OA, synovial fluid
concentrations of miR-16, miR-132, miR-146a, and
miR-223 were significantly lower than their plasma
concentrations, and there were no correlation between
plasma and synovial fluid miRNAs. Synovial fluid
concentrations of miR-16, miR-146a, miR-155
and miR-223 of RA were significantly higher than
those of OA, implying being generated chiefly from
synovial tissues, and clearly differentiated RA and
OA. Plasma miR-132 of healthy controls were
significantly higher than that of RA or OA with high
diagnosability (72).

Synovial fluid and plasma miRNAs can be
promising diagnostic biomarkers and potential
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sources for analyzing roles of miRNAs in RA and
OA. A set of 380 circulating miRNA in plasma
from patients with primary knee OA was measured
by Borgonio Cuadra et al. (73); 12 miRNAs were
overexpressed compared to healthy controls.

In 2015, Beyer et al. (74) published a paper
exploring the association between serum miRNA
levels and the development of severe OA of the knee
and hip joint in 816 Caucasian individuals. After a
microarray screen, the Authors validated 12 miRNAs
by real-time PCR in the entire cohort; three of these
were associated with severe knee and hip OA. let-7¢
was a negative predictor for total joint arthroplasty,
miRNA-454 was inversely correlated with severe
knee or hip OA and miRNA-885-5p showed a trend
towards a positive relationship with arthroplasty
(74).

let-7e, and possibly miRNA-454 and miRNA-
885-5p, may represent predictors for severe knee or
hip OA necessitating arthroplasty and could thus be
further developed into predictive biomarkers for OA.

Moreover, the measurement of miRNAs in the
peripheral blood mononuclear cells (PBMCs) could
be a useful method in developing news biomarker
for OA. The expression patterns of miR-146a, 155,
181a, and 223 in PBMCs in the OA patients were
significantly higher than cells from healthy controls
(75). In the early stages of OA, miR-146a and 223
expressions were significantly higher than they were
at later stages.

Thus, miRNAs in body fluid are promising
biomarkers in OA, although none are yet proposed
for daily clinical use.

Therapeutical potential of microRNAs in OA
Pharmacologic non-surgical treatment of OA has
been largely confined to analgesic or nonsteroidal
anti-inflammatory drugs (NSAIDs) which are only
symptom-modifying agents. These drugs control
pain but do not have known disease-modifying
effects. Studies have been performed to identify
agents that can prevent or delay/stabilize the
pathological changes that occur in OA joints, thereby
limiting disease progression (76). Currently, there
are no disease modifying therapies available for OA
(77, 78). Given that miRNAs play pivotal roles in
maintaining the homeostasis of articular cartilage
and contribute to the pathogenesis and progression

of OA, the development of therapeutic strategies
either restoring or repressing miRNA expression
and activity have attracted much attention.
Depending on the expression status of the target
miRNA, miRNA therapeutic approaches can be
separated into two categories: 1) miRNA inhibition
therapy when the miRNA is over expressed and 2)
miRNA replacement therapy when the miRNA is
repressed (78). Although miR-based strategies for
OA are emerging as a highly promising therapeutic
approach, their systemic delivery still remains a
great challenge. For this purpose both viral vectors
and non-viral delivery systems can be developed
(79-82). The ideal delivery system is expected to
transport miRNAs to the right place without being
degraded by endogenous RNases. Viral vectors
are effective delivery agents, but their clinical use
is limited by toxicity and immunogenicity. In this
regard, many other non-viral delivery strategies,
such as nanoparticles, have been developed for
biological and medical application (83, 84).

Several clinical trials are already ongoing for
miRNA-based treatment of hepatitis C, liver cancer,
and heart failure (85-88), however, at the moment
there is no trial for OA; miRNA-based treatment for
joint diseases can be difficult because of the relative
inaccessibility of cartilage.

Little evidence is available on animal models
of OA (89, 90). In particular, Dai et al. (90)
demonstrated the therapeutical effect of miR-
101 inhibition on cartilage degradation; for this
purpose, mono-iodoacetate-induced arthritis (MIA)
rat models of OA were injected in knee joints with
Ad (adenovirus)-miR-101 mimic or Ad-miR-101
inhibitor.

CONCLUSION

MicroRNAs play an important role in the
pathogenesis of OA. The number of reports on
specific miRNAs and their contribution to cartilage
destruction is constantly increasing. Microarray
miRNA analysis in human OA and normal cartilage
specimens have revealed different miRNA expression
profiles and, interestingly, some deregulated
miRNAs were functionally associated with cartilage
homeostasis or inflammatory pathways. Recently,
the role of miRNAs as diagnostic biomarkers
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in body fluids (plasma and in synovial fluid) has
gained enormous research interest. Furthermore, the
development of therapeutic strategies either restoring
or repressing miRNA expression and activity of
miRNAs have attracted much attention. Significant
progress has been made in the delivery systems of
miRNAs, but substantial improvements will still be
necessary in this area.

Future studies are needed to search
for additional miRNAs that contribute to the
pathophysiology of OA and to the clinical application
of miRNAs as new possible biomarkers and novel
therapeutic agents for OA.
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THE EFFECT OF TRAPEZIOMETACARPAL JOINT OSTEOARTHRITIS ON PAIN,
MUSCLE STRENGTH AND OVERALL DISABILITY OF THE UPPER LIMB

G. IOLASCON!, A. MORETTI', M.T. GIAMATTEI', R. GIMIGLIANO' and F. GIMIGLIANO?

'Department of Medical and Surgical Specialties and Dentistry, Second University of Naples,
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The impairment of the trapeziometacarpal joint (TMCJ) reduces by 50% the functional capacity of
the whole upper limb, since this joint plays a key role in the execution of almost all activities of grasping
and handling. Trapeziometacarpal joint osteoarthritis (TMCJ OA) is a degenerative and disabling disease,
with a growing prevalence in subjects over 30 years of age. The endpoint of this study was to evaluate
the effect of TMCJ OA on handgrip strength, pain and overall functionality of the upper limb. In this
cross-sectional study carried out in our outpatient rehabilitation service, we included 27 patients with
TMCJ OA. Men and women under 50 years of age, subjects with hand disorders such as carpal tunnel
syndrome, tendonitis, rheumatoid arthritis, and hand injuries were excluded from evaluation. All subjects
were assessed with a comprehensive approach including measurement of handgrip strength, pain, and
hand disability, using the Quick DASH scale (Disabilities of the Arm, Shoulder and Hand) and the brief
Michigan Hand Outcomes Questionnaire (MHQ). In the study population, the mean age was 69 years, the
mean Body Mass Index (BMI) was 27.8+4 SD. Our sample was divided into 3 age groups: 55-66 years;
66-75 years; >75 years. The mean NRS score was 7. The evaluation of the muscle strength of the upper
limb, revealed a reduction in handgrip strength in all age groups, particularly in women over 75 years.
Functional assessment showed that mean Quick DASH score and brief-MHQ score were 53.9+19 SD and
31.8+4.3 SD, respectively. The multiple linear regression analysis demonstrated that the Quick DASH
score was significantly correlated with the NRS score (r 0.48, p = 0.01) and with the handgrip strength (r
-0.45, p = 0.01). Instead, the brief MHQ score was not correlated with either NRS score (r 0.35, p = 0.07),
or with the handgrip strength (r -0.35, p = 0.07). Our study confirms the clinical finding that patients with
TMCJ OA have a significant hand function limitation, which is closely related to both the lack of muscle
strength and pain. The use of validated assessment tests and scales, such as handgrip strength and Quick
DASH scale, might be the right approach to better characterize subjects with TMCJ OA.

Several studies have evaluated the effects of
conservative and surgical approaches for reducing
pain and increasing upper limb function in subjects
with trapeziometacarpal joint osteoarthritis (TMCJ
OA) (1,2). Quite a lot of specific outcome measures
are considered relevant to the best way of measuring

treatmentoutcomes for TMCJ OA(3). Theimpairment
of the trapeziometacarpal joint (TMCJ) reduces by
50% the functional capacity of the whole upper limb,
since this joint plays a key role in the execution of
almost all activities of grasping and handling (4).
TMCIJ OA is a degenerative and disabling disease,
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with a prevalence of 15% in subjects over 30 years
of age and 25% in post-menopausal women (5).
This condition is effectively treated, in terms of
pain reduction and improvement of mobility with
intra-articular injection of hyaluronic acid (6). The
endpoint of this study was to evaluate the effect of
TMCJ OA osteoarthritis on handgrip strength, pain
and overall function of the upper limb.

MATERIALS AND METHODS

We performed a cross-sectional study in the outpatient
rehabilitation service, in the period between March 2013
and September 2013.

In this study we included 27 patients with TMCJ OA,
diagnosed according to both the European League Against
Rheumatism (EULAR) recommendations (7) and Eaton-
Glickel classification (8).

A comprehensive approach to TMCJ OA requires the
assessment of pain, joint stiffness, handgrip strength, and
specific clinical signs such as the traction-shift test and the
grind test (9, 10).

Degenerative changes involving the TMCJ can
cause deformity in flexion and adduction of the thumb,
hyperextension of the first metacarpophalangeal joint
(MCPJ), limitations in performing activities in daily
living (ADL).

The exclusion criteria were: men and women
under 50 years of age, the presence of other hand
disorders, such as carpal tunnel syndrome, tendonitis,
rheumatoid arthritis, and hand injuries or hand surgery.
For each patient we measured handgrip strength using
the handheld dynamometer (Jamar®, Sammons Preston
Rolyan, Bolingbrook, IL, USA) and evaluated pain by
the Numeric Rating Scale (NRS) and disability by the
Quick DASH scale (The disabilities of the Arm, Shoulder
and Hand) and the brief Michigan Health Questionnaire
(MHQ).

The measurement of handgrip strength was performed
according to the recommendations of the American
Society of Hand Therapists (ASHT), using the Jamar©
hydraulic handheld dynamometer (11): in a three-trial
assessment, the patient should be seated with the arm
adduct in the chest and neutrally rotated, clbow flexed
to 90°, forearm and wrist in neutral position. From this
position, the patient is asked to perform three times a
maximal isometric contraction of the dominant hand.
After each contraction the patient should observe a one
minute rest period between sets. At the end of the isometric
contractions, the arithmetic mean of the 3 assessments was
measured, which indicates the patient’s handgrip strength
in kilograms (kg).

Pain assessment was performed using the NRS, a
numerical and unidimensional assessment methods,
in which the patient reports the intensity of pain in the
last week, on an 11-points scale (from 0 to 10), where
0 corresponds to ‘absence of pain’ and 10 to ‘maximum
perceived pain’.

The upper limb disability evaluation was carried out
using the Quick DASH scale and the brief MHQ. The
Quick DASH scale (12) is a questionnaire including
11 items, designed to assess the capacity to carry out
both domestic and recreational activities in patients
with musculoskeletal problems in the upper limb. The
patient is asked to answer each question, referring to its
function during the previous week. In order to calculate
the final score, patients have to answer at least 10 of
the 11 questions: each question is evaluated on a scale
from 1 to 5, with a summary score out of 100, in order of
increasing disability. The other rating scale used to assess
hand functioning in our population was the brief MHQ
(13), including 12 items about the ability of subjects to
perform activities of daily living and employment, the
pain, the hand aesthetic appearance and the degree of
satisfaction of the patient for hand appearance and hand
function. Each item is evaluated on a scale from 1 to 5,
with 1 being poor and 5 optimum function. For some
items it is necessary to reverse the scoring as follows:1=
5,2=4,4=2,5=1. The results of 12 items were totalled and
normalized to obtain a global score on a scale from 0 to
100, where 0 corresponds to the worst function and 100 to
the ideal hand function.

Statistical analysis

Statistical analysis was performed using the STATA
11.0 software. The parametric variables are presented as
means =+ standard deviations. The correlation coefficients
among the outcome measures (handgrip strength, Quick
DASH, and brief MHQ) were calculated by linear
regression analysis; a value of p<0.05 was accepted as
statistically significant.

RESULTS

The demographic and clinical data of the study
population are reported in Table I. The mean age and
the mean body mass index (BMI) were 69.1 years
(min 50; max 97) and 27.844 SD, respectively. The
population was divided into 3 age groups: 55-65
years; 66-75 years; >75 years (Table II). The median
NRS score was 7 (min 2, max 10), corresponding to
the mean pain intensity for the first two age groups.
Subjects over 75 years of age showed a mean NRS
value of 8. The upper extremity muscle strength
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testing revealed a reduction in handgrip strength in
all age groups, particularly in patients over 75 years.
In the first group (55-65 years), the mean handgrip
strength was 11.7+£5.7 kg SD, in the second group
(65-75 years) 9.2+5.8 kg SD, and in the last group (>
75 years) was 6.9£2.8 kg SD.

The mean Quick DASH score and the brief MHQ
score were 53.9+19 SD and 31.8+4.3 SD, respectively.
In our population, 12 (44.4%) women had severe
pain (NRS score >7) and showed a mean Quick
DASH score of 56.2. 55.6% women had moderate
pain (NRS score 4 to 6) and they had a Quick DASH
score of 52.3. The multiple linear regression analysis
showed that the mean Quick DASH score was
significantly correlated with the mean NRS score (r
0.48, p = 0.01) and with the mean handgrip strength
(r-0.45, p=0.01). On the other hand, the mean brief
MHQ score was not significantly correlated with
either the mean NRS score (r 0.35, p = 0.07), or with
the mean handgrip strength (r -0.35, p = 0.07). The
highest mean Quick DASH score, corresponding to
worse upper limb functioning, was 57.9+14.7 SD for
the age group above 75 years, while the age group
between 55 and 65 years had the best mean Quick

Table 1. Demographic and clinical data in our population.

DASH score (47.6). The subjects in the age group
of 65-75 years showed a mean Quick DASH score
of 56.3+12.3 SD. The Quick DASH scores showed
a significant correlation with the NRS scores (r 0.48,
p = 0.01). Conversely, the brief MHQ scores were
not significantly correlated with the NRS scores
(r 0.35, p = 0.07). The mean Quick DASH scores
showed a significant correlation with the mean
handgrip strength (r -0.45, p = 0.01), otherwise the
correlation between the mean brief MHQ scores and
the mean handgrip strength did not show statistical
significance (r -0.35, p = 0.07).

DISCUSSION

TMCJ OA is a degenerative process that
compromises hand shape and function, leading to
pain, deformity, reduction of handgrip strength and
limitation of manual tasks. Indeed, these anatomical
and functional changes are also a result of aging,
such as loss of muscle strength. Moreover, in our
study cohort the mean handgrip strength (9.4 kg) was
significantly lower than that reported in a population
of peers without TMCJ OA (22.2 kg) (14).

Variables N

Mean age (years) 69.1 (min. 50; max 77)
Mean BMI (kg/m?)* 27.8+4SD

Mean Handgrip Strength (kg) 9.4+53SD

Median NRS (0-10)** 7 (min.2, max.10)
Mean Quick-DASH score 53.92 +19 SD

Mean brief MHQ score 31.8+4.3 SD

* BMI = Body Mass Index. ** NRS = Numeric Rating Scale

Table I1. Study population data according to age.

Variables 55- 65 years (9 patients) 66-75 years (11 patients) >75 years (7 patients)
Mean BMI (kg/m?)* 27+5.5SD 28.1 £3.8 SD 27.6+1.1 SD

Mean Handgrip Strength (kg) 11.7+5.7SD 9.2+5.8SD 6.9+2.8SD

Median NRS (0-10)** 7 (min.2, max.10) 7 (min.5, max. 9) 8 (min.4, max.10)
Mean Quick-DASH score 47.6 £26.6 SD 56.3+12.3SD 57.92 +14.7 SD
Mean brief MHQ score 32+44SD 359+4.6 SD 34.6+2.8SD

* BMI = Body Mass Index. ** NRS = Numeric Rating Scale
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TMCJ OA is an aggravating factor for the
functional limitations of the upper limb. Indeed,
moderate-severe pain, constantly present in patients
suffering from TMCJ OA, might justify per se the
reduced overall functional capacity of the upper limb.
In our population, 44.4% of the women had severe
pain (NRS score >7) and showed a mean Quick DASH
score of 56.23, suggesting a significant impairment of
the upper limb. Women with moderate pain (NRS 4 to
6) showed a Quick DASH score of 52.34, suggesting
a moderate level of disability. Therefore, our findings
confirm that the level of functional performance is
closely correlated with the perception of hand pain
in patients with TMCJ OA. Moreover, both thumb
basal joint osteoarthritis and pain, have a significant
negative impact on muscle strength and hand
performance. Indeed, our results regarding handgrip
strength confirm literature data, which demonstrated
a significant handgrip strength reduction in subjects
with TMCJ OA (15). At the same time, we found a
significant correlation between the Quick DASH
scores and the handgrip strength, as well as among the
Quick DASH scores and the median NRS. Therefore,
in our patients, pain and reduction in handgrip strength
had a negative impact on hand functioning. However,
the limitation of this study was the small sample size,
although our cohort was representative for the clinical
conditions underlying TMCJ OA.

CONCLUSIONS

Our observational study confirms that the
patients affected by TMCJ OA have persistent
local moderate to severe pain, reduction of muscle
strength, and significant functional limitation, the
latter of which closely related to both the previous
factors. A comprehensive approach to the subject
with TMCJ OA, and thus the rehabilitation planning,
must include the appropriate assessment of pain,
strength, and hand performance. The combined use
of handgrip strength test, Quick DASH scale and
NRS represents, in our opinion, a valuable approach
to better characterize the clinical and functional
conditions of patients with TMCJ OA.

REFERENCES

1. Valdes K, Marik T. A systematic review of
conservative interventions for osteoarthritis of the

10.

I1.

hand. J Hand Ther 2010; 23:334-50.

Vermeulen GM, Slijper H, Feitz R, Hovius SE,
Moojen TM, Selles RW. Surgical management of
primary thumb carpometacarpal osteoarthritis: a
systematic review. J Hand Surg Am 2011; 36:157-
69.

Marks M, Schoones JW, Kolling C, Herren DB,
GoldhahnJ, Vliet Vlieland TP. Outcome measures and
their measurement properties for trapeziometacarpal
osteoarthritis: a systematic literature review. J] Hand
Surg Eur 2013; 38(8):822-38.

Acheson RM, Chan YK, Clemett AR. New Haven
survey of joint diseases. XII. Distribution and
symptoms of osteoathrosis in the hands with
reference to handedness. Ann Rheum Dis 1970;
29:275-86.

Dillon CF, Hirsch E, Rasch EK, Gu Q. Symptomatic
hand osteoarthritis in the United States: prevalence
and functional impairment estimates from the third
U.S. National Health and Nutrition Examination
Survey, 1991-1994. Am J Phys Med Rehabil 2007;
86:12-21.

Frizziero A, Maffulli N, Masiero S, Frizziero L.
Six month pain relief and functional recovery after
intra-articular injections with hyaluronic acid (mw
500-730KDa) in trapeziometacarpal osteoarthritis.
Muscles Ligaments Tendons J 2014; 4(2):256-61.
Zhang W, Doherty M, Leeb BF, et al; ESCISIT.
EULAR evidence-based recommendations for the
diagnosis of hand osteoarthritis: report of a task force
of ESCISIT. Ann Rheum Dis 2009; 68(1):8-17.

RG, Glickel
osteoarthritis. Staging as a rationale for treatment.
Hand Clin 1987; 3(4):455-71.

Choa RM, Parvizi N, Giele HP. A prospective
case-control study to compare the sensitivity and

Eaton SZ. Trapeziometacarpal

specificity ofthe grind and traction-shift (subluxation-
relocation) clinical tests in osteoarthritis of the
thumb carpometacarpal joint. Hand Surg Eur 2014;
39(3):282-5.

Merritt MM, Roddey TS, Costello C, Olson
S. diagnostic value of clinical grind test for
carpometacarpal osteoarthritis of the thumb. J Hand
Therapy 2010; 3:261-68.

Fess EE. Grip Strength, 2nd edition. Chicago:
American Society of Hand Therapists, 1992.



12.

13.

European Journal of Musculoskeletal Diseases 1 9

Angst F, Goldhahn I,
Schwyzer HK, Simmen BR. How sharp is the short
QuickDASH? A refined content and validity analysis
of the short form of the Disabilities of the shoulder,
arm and hand questionnaire in the strata of symptoms

Drerup S, Flury M,

and function and specific joint conditions. Qual Life
Res 2009; 18:1043-51.

Waljee JF, Kim HM, Burns PB, Chung KC.
Development of a brief, 12-item version of the
Michigan hand questionnaire. Plast Reconstr Surg

14.

15.

2011; 128:208-20.

Lauretani F, Russo CR, Bandinelli S, et al. Age-
associated changes in skeletal muscles and their
effect on mobility: an operational diagnosis of
sarcopenia. J Appl Physiol 1985. 2003; 95(5):1851-
60.

Bagis S, Sahin G, Yapici Y, Cimen OB, Erdogan C.
The effect of hand osteoarthritis on grip and pinch
strength and hand function in postmenopausal
women. Clin Rheumatol 2003; 22:420-24.






EUROPEAN JOURNAL OF MUSCULOSKELETAL DISEASES Vol. 4, no. 1, 21-25 (2015)

INTRA-ARTICULAR CLODRONATE FOR INFLAMMATORY PHASE OF KNEE
OSTEOARTHRITIS: A CASE SERIES

L.S. MARTIN-MARTIN, M. APA, D. PIERANGELI, A. SILVESTRI and A. RAGNO

Department of Internal Medicine, “Regina Apostolorum” Hospital, Albano Laziale (Rome), Italy

Osteoarthritis (OA) is considered to be the most common form of arthritis that results in structural
and functional failure of synovial joints The current paradigm holds that OA is a disease of the entire
joint, involving not only the degradation of articular cartilage but also a subchondral bone reaction.
Macrophages might play a role in the development and progression of OA. Agents that suppress bone
turnover, including bisphosphonates, have been associated with fewer subchondral bony lesions,
as visualized by MRI, in patients with OA. Many studies observed that clodronate inhibits MMP-1
collagenase activity and reduces the macrophage production in vitro of interleukin (IL)-1beta, TNF-
alpha and nitric oxide (NO). Here we present the therapeutic effects of intra-articular clodronate in
four patients with knee osteoarthritis during acute phase. All patients had had a knee MRI showing
the subchondral bone marrow edema, and the following treatment plan was decided: 25 mg intra-
articular clodronate, weekly for 3 weeks. Patients still presenting a Visual Analogue Scale (VAS) pain
higher than 5 at week 7 were submitted to a further 25 mg intra-articular clodronate administration. All
patients showed a considerable improvement in VAS pain (average 8.6 pre-therapy vs 3.5 post-therapy).
Moreover, a sharp improvement of the inflammation in the treated joints had occurred: hyperthermia
and tumefaction. Patients did not reported any adverse events during the weeks of observations. The
positive effect of the intra-articular hyaluronic acid therapy on the integrity of the cartilage layer is
beyond doubt, but in patients in whom an inflammatory clinical picture predominates, the effect of
intra-articular hyaluronic acid is reduced. In these patients, our therapeutic proposal would be that
of preceding the injections of hyaluronic acid by administration of 3-4 injections of intra-articular
clodronate in order to exploit the exclusive anti-inflammatory effect of this bisphosphonate. Further
studies with wider clinical records are needed to confirm the benefits of these results.

Osteoarthritis (OA) is considered to be the most
common form of arthritis that results in structural

activity, transient stiffness in the morning or after
rest, restricted motion, joint crepitus, periarticular

and functional failure of synovial joints (1, 2). The
current paradigm holds that OA is a disease of the
entire joint, involving not only the degradation of
articular cartilage but also an important subchondral
bone reaction, and alteration of other joint structures,
including the synovial membrane, meniscus,
capsule, ligaments, and periarticular muscles. The
clinical features of OA include joint pain with

tenderness, bony swelling, and functional disability.
The knee is regarded as one of the most common
joints frequently affected by OA.

The purposes of symptomatic treatment of OA
of the knee are to control joint pain and to improve
joint function. The well-known pharmacological
approach for symptomatic treatment includes oral
administration of paracetamol, NSAIDs, opioids,
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and intra-articular corticosteroid injections (3, 4).
However, NSAIDs should be used with caution in
patients with peptic ulcer disease, renal insufficiency,
or cardiovascular risk (5, 6). Additionally, whereas
opioids can be used for pain relief when NSAIDs have
failed, their advantageous effects are outweighed
by increased risk of adverse events and therefore
should not be prescribed routinely (7). Intra-articular
corticosteroid injections should be considered in
patients who do not respond satisfactorily to the
aforementioned treatments as well as in patients
with acute exacerbations of pain and signs of local
inflammation (8).

Macrophages might play arole in the development
and progression of osteoarthritis (OA). Once
activated, macrophages can produce large quantities
of growth factors, enzymes, and proinflammatory
cytokines. It has previously been shown that
macrophages enhance osteophyte growth in animal
models of OA (9, 10). Furthermore, it is possible
that macrophages play a role in the maintenance
and progression of the disease by their contribution
to synovial fibrosis, cartilage catabolism, and
maintenance of an inflammatory state in the joint
(11) by production of growth factors (12), enzymes
(13), and cytokines, respectively (14, 15).

Agents that suppress bone turnover, including
bisphosphonates, have been associated with fewer
subchondral bony lesions, as visualized by MRI, in
patients with OA (16). In several studies clodronate-
laden liposomes were used for macrophage depletion.
Clodronate-laden liposomes are selectively ingested
by phagocytosing cells. After uptake, the clodronate
is released, and subsequently, the cell undergoes
apoptosis (17). Seven days after injection of
clodronate-laden liposomes, optimal depletion of
macrophages is established (18). Recently, Rossini et
al. indicates that intra-articular clodronate provides
symptomatic and functional improvements at least
as good as those obtained with hyaluronic acid (19)

Here we present the therapeutic effects of intra-
articular clodronate in four patients with knee
osteoarthritis.

PATIENTS AND METHODS

Four patients (2 women and 2 men, average
age 68 years) with knee osteoarthritis during acute

phase, with acute pain, tumefaction and functional
impotence were selected. All patients had had a
knee MRI showing the subchondral bone marrow
edema. All patients signed an informed consent to
participate in the study.

After seeing the clinical-radiological analogy
with algodystrophy, we decided to treat patients
with clodronate, but the pain intensity reported
by patients (average VAS pain 8.6) led us to use
clodronate by intra-articular administration. As
there is an excellent tolerability of this kind of
administration, as referred by previous studies
(25), we decided the following treatment plan: 25
mg intra-articular clodronate, weekly for 3 weeks:
patients still presenting a VAS pain higher than 5 at
week 7 were submitted to a further clodronate 25 mg
intra-articular administration.

All patients were submitted to an accurate clinical
examination before every single injection (weeks 1,
2 and 3), and during the last check-up (week 11) in
order to identify any possible allergic reaction and/
or symptoms of intra-periarticular infections; they
were submitted to haematochemical examination at
week 1 and week 11 and underwent an MRI of the
injected knee after 11 weeks from the 1* injection
with clodronate.

During the 11 weeks of the study, patients were
asked not to modify their therapy with FANs and/or
paracetamol, which they had been taking before the
beginning of the injection therapy with clodronate,
without informing their trusted rheumatologist.

RESULTS

Just one of the 4 patients studied needed a further
injection at week 11. The patient was a diabetic,
overweight male aged 69 years. All patients showed
a considerable improvement in VAS pain (average

Table 1. Reduction of VAS pain before and after intra-
articular clodronate therapy.

VAS Pre-therapy VAS post-therapy
Patient 1 8.4 33
Patient 2 8.2 32
Patient 3 8.7 3.7
Patient 4 9.1 3.8
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Fig. 1. Knee MRI before (left) and after (right) intra-articular clodronate therapy.

8.6 pre-therapy vs 3.5 post-therapy; Table I).
Moreover, a sharp improvement of the inflammation
in the treated joints had occurred: hyperthermia and
tumefaction.

The patients did not report any adverse event
during the weeks of observation; nor had skin and/
or joint infections arisen, and the hepatic and kidney
functions parameters were not modified during the
period of observation.

Two patients reported a burning sensation during
injection, spontaneously solved after some minutes
without requiring medical intervention.

Three of the four patients showed a remarkable
reduction of the bone marrow edema found through
knee MRI at the beginning of the observation (knee
MRI of female patient No. 2: Fig. 1A before and Fig.
1B after 11 weeks of observation). The fourth patient,
for whom a 4" injection was necessary at week 7, did
not show significant improvement in the radiological
picture of the bone marrow edema, although he
reported a considerable reduction of VAS pain.

DISCUSSION

Knee osteoarthritis is one of the most prevalent
musculoskeletal diseases affecting the elderly.
Because it is characterized by the progressive
degeneration of synovial joint structure, it causes
pain, loss of motion, and physical disability, thus

impairing quality of life. Current treatment strategies
aim to alleviate joint pain, reduce physical disability,
and limit the progression of joint damage (1, 3).
In line with this concept, basic efforts to establish
treatment guidelines often focus on treatment
efficacy.

Furthermore, it is clear that multiple signaling
molecules produced either by chondrocytes or by
neighboring fibroblasts or macrophages can also
cause a pro-inflammatory response, as was recently
shown by Blom and colleagues (20). Cartilage
disruption leads to leakage of large molecular
complexes, such as collagens and proteoglycans,
into the synovial fluid. MMP-3 is involved in the
generation of severe cartilage damage in murine
OA and synovial macrophages are crucial in early
MMP-3 activity and appear to mediate MMP-3
production in synovium rather than cartilage (13).
In these patients, with an important inflammatory
response, an MRI of the knee shows a subchondral
bone marrow edema as consequence of macrophage
cytokines release.

Different experimental and observational data
strongly support the relevant role of subchondral
bone in OA pathogenesis. There may be an effect of
bone quality in the development and/or progression
of OA, which is understood from the study of the
relationship between OP and OA. Therefore, it is
reasonable to assume that drugs affecting bone
remodeling may hold a prominent role as disease
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modifying osteoarthritis drugs (DMOADs) (21).

Many studies observed that clodronate inhibits
the production of several proinflammatory mediators
(22), inhibits the MMP-1 collagenase activity (23)
and reduces the macrophage production in vitro of
interleukin (IL)-1beta, TNF-alpha and nitric oxide
(NO) (24). The physiopathogenetic mechanisms
so far described could explain the sharp decrease
of pain, tumefaction and hyperthermia shown in
our patients treated with intra-articular clodronate;
symptoms all began and were worsened by cytokines
produced by macrophages.

The positive effect of the intra-articular hyaluronic
acid therapy on the integrity of the cartilage
layer is beyond doubt, but in patients in which an
inflammatory clinical picture predominates, the
effect of intra-articular hyaluronic acid is reduced,
or a higher number of intra-articular injections
becomes necessary. Clearly, a high concentration
of proinflammatory cytokines and metalloproteases
increases the degradation rate of the hyaluronic
acid administered, reducing or even neutralizing the
therapeutic effect.

In these patients, our therapeutic proposal would
be that of preceding the injections of hyaluronic
acid by administering 3-4 injections of intra-
articular clodronate in order to exploit the exclusive
anti-inflammatory effect of this bisphosphonate,
thus decreasing the quantity of pro-inflammatory
cytokines and metalloproteases inside the joint. In
this way, moreover, a longer stability of hyaluronic
acid could be obtained, with a higher permanence in
the joint cavity and, therefore, a greater therapeutic
efficacy, with definitely reduced costs compared to
other therapies (25).

The experience of other authors (26) seems to
confirm our treatment proposal, but further studies
with wider clinical records are needed to confirm the
benefits demonstrated by our results.
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Osteoporosis has become a serious socio-economic problem in Italy. In this work we aimed to assess
the association between clinical risk factors and bone demineralization in the Southern Apulia population
within the Prevention of Osteoporosis and Fractures (PR.O.F.) project. In this work we retrospectively
analyzed the data of 4,094 consecutive women aged 40-95 years during the four-year period 2009-
2012. All subjects were assessed by phalangeal Quantitative Ultrasound (QUS) to evaluate their bone
mineralization and the association between demineralization and the presence of other conditions or risk
factors. Mean age was 62.7 (S.D. 10.69). Most of the participants were postmenopausal women (n=3,671;
89.7% of the sample). Osteoporosis was more frequent in patients over 70 years of age. Osteopenia
was most frequently diagnosed in the age groups 50-59 and 60-69 years. Vertebral fractures and hip
fractures were reported mainly in patients with diagnosis of osteoporosis, as diagnosed by phalangeal
QUS, independently from the age group. The Odds ratio of hip fractures in osteoporotic subjects was
1.30 (C.I. 95%: 0.85- 1.99), while the odds ratio of vertebral fracture was found statistically significant at
2.15 (C.1. 95%: 1.28- 3.63). In the age group 60-69, in osteoporotic subjects, we found significantly lower
frequency of assumption of dairy (P<0.05) and a significantly higher prevalence of obesity (P<0.001)
than normal or osteopenic subjects. Our data show the prevalence of osteoporosis and osteopenia and
analyze risk factors for osteoporosis in the premenopausal vs postmenopausal women living in the
Salento Region of Italy. Additionally, our findings support the predictive power of phalangeal QUS in
the diagnosis of bone alterations.

The aging of the Italian population is a 20% of the Italian population was aged over 65
consolidated trend. It is estimated that in 2011 about years (1 female in 5 and 1 male in 7), with 6.3%
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of the entire population being > 80 years of age
(1). According to the Epidemiological Study On
the Prevalence Osteoporosis (ESOPO), almost 5
million Italian people are osteoporotic (4 million
being females), with 1.5 million of these subjects
being “at higher risk” of hip fracture because they
have already experienced at least one vertebral
fracture (2). Osteoporosis has become a serious
socio-economic problem since in Italy the social cost
of osteoporotic hip fractures has been estimated at 1
billion Euros per year (3).

Retrospective analyses carried out using the
National hospitalizations database, showed that
hip fractures were comparable to acute myocardial
infarctions and strokes in terms of incidence and
costs (4). These findings were confirmed also in our
previous study specifically performed in the Lecce
province (5). A preventive approach to the problem
before the fracture occurs would result in fewer cases
and lower costs, especially considering the ageing of
the Italian population. The Italian average ageing
index, a demographic ratio defined as the percentage
of elderly people (aged over 65 years) compared
to the younger population (aged 0-14 years), is
constantly increasing (4). In the year 2011, Italy was
recognized as having the second oldest population
in Europe, with ageing index being 144. In the same
year, the Apulia region presented an ageing index
of 125.2, with a 29.7% increase from 2002. The
lowest values were observed in the provinces of Bari
(120.6) and Foggia (116.5), whilst the highest ones
were recorded in the provinces of Taranto (127.9),
Brindisi (137.6) and Lecce (148.5) (1).

In this frame, the Euro Mediterranean Biomedical
Scientific Institute (ISBEM) has launched a project
of disease management, called PR.O.F. (Prevention
of Osteoporosis and Fractures). It is a research
project, implemented by ISBEM researchers in
collaboration with the local health authorities of
Brindisi, Taranto and Lecce, aimed at investigating
between osteoporosis and related risk factors, within
apopulation screening program by using Quantitative
Ultrasound (QUS).

The project has been implemented since 2009 in
hospital and outpatient facilities belonging to local
health authorities of Taranto, Brindisi and Lecce
(limited to Gallipoli Hospital). Within the PR.O.F
project, a registry specifically dedicated to the

collection of individual information of the subjects
enrolled in the study has been activated (ROIS,
Osteoporosis Registry of lonian and Salento areas).
This population study is of particular interest because
it regards the Southern Apulia area (provinces of
Taranto, Brindisi and Lecce), characterized by an
ageing index very close to the national average
values. In this first work, we present the first results
of the PR.O.F project, particularly concerning
the association between clinical risk factors and
bone demineralization documented by phalangeal
Quantitative Ultrasound.

MATERIALS AND METHODS

Four thousand seven hundred and nine consecutive
subjects were visited within the frame of the PR.O.F
project at specialized medical centers from January 2009
to December 2012.

For the analysis reported in the present paper, we
included female subjects aged 40-95 years. We excluded
from the study males, subjects with missing data, females
under 40 years of age, and the subgroup of microcythemic
patients examined at Local Health Authorities of Brindisi
and Taranto. All patients enrolled in the study were
informed by their general practitioners and invited to
undergo medical evaluation for osteoporosis at the centers
participating in the PR.O.F project. After the recruitment
phase and medical visits, we provided each patient with
a clinical record sheet containing personal anamnestic
data, anthropometric = measurements, information
about osteoporosis risk factors and medical history.
Subsequently, all patients underwent bone ultrasonography
by phalangeal QUS. The questionnaire used for patient
interviews was designed before the study and approved by
the local ethics committee of the centers involved in this
project. Anthropometric measurements included weight,
height and BMI (Body Mass Index). Subjects were weight
with a tolerance of 0.5 kg. Standing height was measured
by stadiometer to the nearest centimeter. Body Mass Index
was computed as weight (Kg)/ height* (m?). Each subject
was interviewed about his/her lifestyle, paying particular
attention to the presence of any risk factor potentially
affecting bone tissue, use of alcohol, cigarette smoking,
calcium intake (frequency of assumption of milk and
dairy products), physical activity, any previous fractures
and osteoporotic fractures suffered by parents and the age
and cause of the menopause. Hip and vertebral fractures
were considered as a result of bone fragility only when
they were caused by low-energy trauma, as reported by
the patients themselves.
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In addition, any disease or condition known to be
associated to bone demineralization was recorded, as
well as any previous or current use of drugs inducing
osteoporosis  (corticosteroids, ~ immunosuppressors,
heparin, antiepileptics, anti-estrogens and anti-tumoral
medicines). Previous or current use of antiosteoporotic
therapies and Vitamin D/Calcium supplementations was
recorded. At the end of the visit, all patients were provided
with the results of ultrasonography, including diagnosis of
osteoporosis or osteopenia to be delivered to their general
practitioners, and specific advice for fracture prevention
(i.e. the role of physical activity in preserving bone mass,
suggestions about dietary habits and sun exposure). For
each enrolled subject, appropriate information about
policy privacy were given and each patient was asked
to sign an informed consent, according to the current
privacy protection laws. All collected data were entered
into an electronic web-based registry [lonian and Salento
Osteoporosis Registry (ROIS), the first core section of
the current Euro Mediterranean Registry of Osteoporosis
(EMEROS)], containing all the clinical data and medical
history of patients undergoing bone densitometry at the
centers involved in the PR.O.F project. The ROIS registry
is accessible only to authorized operators and is divided
into three sections (ROBRI, ROTA and ROLE, with data
belonging to the provinces of Brindisi, Lecce and Taranto,
respectively).

Ultrasound measurement

Igea DBM Sonic Bone PR.O.Filer 1200 (Igea®,
Carpi) was used for phalangeal QUS measurements
through proximal phalanges (II- V) of the fingers of the
non-dominant hand. This device consists of two probes,
transmitting and receiving, that are applied to the lateral
surface of the fingers. Measurements are carried out
by placing probes at the distal metaphysis of the first
phalanges in the proximity of the condyles. For the
coupling of the probes with the skin, gel for ultrasound
transmission was used. The device calculates the average
amplitude-dependent speed of sound (AD-SoS) of the
four fingers. The reference speed of the patient’s soft
tissue is measured by applying the probes to the soft tissue
of the hand called “anatomical snuff box”. After each
measurement session, the software calculates the T-Score
value (which is dependent from AD-SoS). T-Score is
defined by the following formula:

(Measured AD — So0S) — (average value in young adult)
T Score =

(5D in young adult)

We used the WHO Study Group criteria to identify
osteoporotic, osteopenic and normal subjects. Thus, we
applied a cut-offlevel of -3.2 SD of T score for osteoporosis
and -1 SD of T score for osteopenia. Osteopenia is used to

define bone density that is not normal but also not as low
as osteoporosis (6).

Statistical analysis

All statistical analyses were performed by using
STATA/SE 11 software for Windows (STATA® 11.0,
Texas, USA).

All data concerning the presence of a disease, previous
fractures, use of milk and dairy products, cigarette smoke,
alcohol consumption and use of corticosteroids were used
as dichotomous variables. Frequency of physical activity
was used as a semiquantitative variable.

Continuous data were presented as mean value + SD;
frequency and percentage of dichotomous variables were
computed. Baseline characteristics of premenopausal
and postmenopausal subjects were compared by #-test
for continuous variables and by chi-squared test for
categorical variables.

Multivariate analysis was performed using a logistic
regression model to assess the association between bone
demineralization status and previous vertebral and hip
fractures. Models were adjusted to eliminate the effects
of age. Characteristics of osteoporotic, osteopenic and
normal subjects were compared by ANOVA analysis
for continuous variables and by chi-squared test for
categorical variables.

RESULTS

The total number of subjects enrolled in the
PR.O.F project from January 2009 to December
2012 was 4,709 patients (474 males and 4,235
females, ranging from 12 to 95 years of age). In this
study, we analyzed the data of 4,094 women aged 40-
95 years (mean age: 62.7; S.D. 10.69). Most of the
participants were postmenopausal women (n=3,671;
89.7% of the sample). Among the study population,
people aged 50-59 and 60-60 years accounted for
31.2% and 30.7% respectively (Fig. 1).

Table I summarizes the general characteristics of
the study population. Anthropometric data, BMI, and
height values were significantly different between the
two groups, with lower BMI values and higher height
measurements found in pre-menopausal women
compared to post-menopausal subjects (P<0.001).
Specific lifestyles were also significantly different
between pre- and post-menopausal women: pre-
menopausal women were more frequently smokers
and practicing physical activity; postmenopausal
women were assuming a higher daily intake of milk.
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Fig. 1. Distribution of study population among the different stratified decades.

Table 1. General characteristics of study population for premenopausal and postmenopausal women.

Premenopausal Postmeno- pausal
(n=423) (n=3,671) p

Age, years 47.9+4.3 64.4+9.8 <0.001
Weight, kg 69.0+29.8 70.3£19.2 0.238
Height, cm 161+3 156+1 <0.0001
BMI, kg/cm?2 26.5+13.0 28.6+7.5 <0.0001
Age at menopause, years - 48.4+5 .4 -
Smoking, yes (%) 79 (18.7) 343 (9.3) <0.001
Alchool, yes (%) 73 (17.3) 929 (25.3) <0.001
Total physical activity <0.001
Physical inactivity, yes (%) 281 (66.4) 2,552 (69.5)
Moderate physical activity, yes (%) 152 (26.7) 1128 (28.0)
Structured physical activity, yes (%) 37 (6.9) 101 (2.5)
Milk, yes (%) 284 (67.1) 2,742 (74.7) <0.01
Dairy, yes (%) 345 (81.6) 2,974 (81.1) 0.786
Previous or current use of drugs inducing osteoporosis, yes (%) 84 (19.8) 693 (18.9) 0.694
Previous or current use of antiosteoporotic drugs, yes 23 (5.4) 1,082 (29.5) <0.001
Parents fragility fracture, yes (%) 79 (18.7) 569 (15.5) 0.090
Hip fractures, yes (%) 2(0.5) 118 (3.2) <0.01
Vertebral fractures, yes (%) 5(1.2) 73 (2.0) 0.251
DM, yes (%) 4(0.9) 85 (2.3) 0.067
DM2, yes (%) 9(2.1) 303 (8.2) <0.001
Cardiovascular diseases, yes (%) 11 (2.6) 309 (8.4) <0.001
Dysplimidemias, yes (%) 30 (3.3) 705 (18.0) <0.001
Cerebrovascular diseases, yes (%) 0 45(1.2) <0.05
Brest cancer, yes (%) 5(1.2) 123 (3.3) <0.05
Other cancers, yes (%) 32 (7.6) 347 (9.5) 0.205
Hypertension, yes (%) 62 (14.7) 1,728 (47.1) <0.001
Tyroid disfunctions, yes (%) 55 (13.0) 463 (12.5) 0.757
Respiratory diseases, yes (%) 3(0.7) 60 (1.6) 0.143
Renal disease, yes (%) 8(1.9) 132 (3.6) 0.068
Dementia, yes (%) 0 20 (0.5) 0.128
Rhemautic diseases, yes (%) 21 (5.0) 191 (5.2) 0.834




European Journal of Musculoskeletal Diseases

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

40-49

50-59

= Normality

= Osteopenia

60-69

70-79

= Osteoporosis

80-89

Fig. 2. Prevalence of osteoporosis, osteopenia and normal mineralization in population stratified by decades of age.
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Table I1. Prevalence of hip and vertebral fractures presented for different decades of age stratified by type of diagnosis

of QUS measurements.
40 -49 50-59 60-69 70-79 80-89
TOT:- TOT: 0.16% TOT:1.75% TOT:5.18% TOT: 17.27%
Hip Fractures OST:- OST: 0.98% OST:3.18 % OST: 5.28% OST: 18.58%
OPN: - OPN: 0.12% OPN: 1.26% OPN: 5.34% OPN: 14.75%
NOR: - NOR: 0 NOR: 0% NOR: 0% NOR: 0%
TOT: TOT: 0.55% TOT:2.31% TOT: 3.34% TOT: 4.02%
Vertebral Fractures OST:- OST: 0.93% OST: 4.14% OST:4.80% OST: 4.87%
OPN: - OPN: 0.71% OPN: 1.84% OPN: 1.62% OPN: 1.54%
NOR: - NOR: 0.30% NOR: 0% NOR: 1.0% NOR: 0%
Table I11. Analysis of risk factors for osteoporosis in the population aged 60-69 years.
Osteoporotic Osteopenic Normal bone P value
N=314 N=871 N=71
Age at menopause, years 48.2 £6.0 489+53 49.1 £5.8 0.429
Isterectomy/Ovarectomy, n(%) 53 (16.9) 128 (14.7) 12 (16.9) 0.612
HRT, yes (%) - 8(0.9) 1(1.4) 0.198
Milk, yes (%) 242 (74.2) 718 (77.4) 53 (74.6) 0.490
Dairy, n (%) 250 (76.7) 791 (84.0) 71 (85.9) 0.011
Physical activity, yes 98 (31.2) 312 (35.8) 18 (25.3) 0.094
BMI >30 Kg/m? 159 (50.6) 328 (37.7) 26 (36.6) <0.001
Hip fracture, yes (%) 10 (3.2) 11 (1.3) 0 (0) 0.082
Vertebral fracture, yes (%) 13 (4.1) 16 (1.8) 0 (0) 0.027

Anti-osteoporotic drug assumption, including
calcium and Vitamin D, was significantly more
frequent in postmenopausal women (P<0.001), but
no statistically significant differences were found

between the two groups in terms of assumption of
drugs inducing osteoporosis.

Concerning the prevalence of concurrent diseases,
we observed that hypertension was the most frequent
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disorder reported by patients in both groups, with a
different prevalence of 47% in post-menopausal
women and 14.7% in pre-menopausal subjects.
Overall, the prevalence of concurrent diseases
was higher in the post-menopausal group with the
exception of thyroid disorders, which were present
in 13% of pre-menopausal women; moreover, in
the latter group the prevalence of tumors other than
breast rose to 7.6%.

Fig. 2 shows the prevalence of osteoporosis,
osteopenia and normal mineralization (as diagnosed
by phalangeal QUS during the screening). A normal
bone quality was found in more than half of the
subjects of class of aged 40-49 years (58%), while in
the age group 50-59, normal results were observed
in 25.9% of subjects. In the other age groups, the
prevalence of normal bone quality was less than
6%. As expected, osteoporosis was more frequent
in patients over 70 years of age. In patients under
60 years of age, the prevalence of osteoporosis was
less than 8%. On the contrary, in the age group 80-
89 years, osteoporosis affected 73% of subjects.
In people over 60 years of age, the prevalence of
osteoporosis increased with age with a rise of about
25% for each decade..

Osteopenia was most frequently diagnosed in the
age groups 50-59 and 60-69 years (66% and 69% of
the total subjects, respectively).

Vertebral fractures and hip fractures were reported
mainly in patients diagnosed with osteoporosis (as
diagnosed at phalangeal QUS) independently from
the age group. Differences between hip and vertebral
fractures were found in terms of prevalence, with hip
fractures being more frequently reported. Moreover,
in the oldest age groups (70-79 and 80-89 years), hip
fractures had a similar prevalence in both osteopenic
and osteoporotic subjects. In the age group 80-89
years, 18.6% of osteoporotic subjects reported a
previous hip fracture, while in the same age group
the prevalence of vertebral fractures was 4.9%
(Table II).

By using alogistic regression model, we computed
the Odds ratios of hip and vertebral fracture, adjusted
for age, with regard to the diagnosis of osteoporosis.
The Odds ratio of hip fracture in osteoporotic
subjects was 1.30 (C.I. 95%: 0.85- 1.99), while the
odds ratio of vertebral fracture was found statistically
significant at 2.15 (C.I. 95%: 1.28- 3.63). Moreover,

we analyzed the distribution of risk factors for
osteoporosis in the age group 60-69 years, finding
out that it was the most represented class of age with
postmenopausal status; additionally, in the other age
groups, the number of subjects was very low. Table
III shows the results of this analysis, with population
being stratified according to the diagnosis obtained
by phalangeal QUS. The daily assumption of dairy
products was significantly lower in subjects with a
diagnosis of osteoporosis than normal or osteopenic
people (P<0.05). Moreover, in the group with
diagnosis of osteoporosis, the prevalence of obesity
(BMI higher than 30 kg/m?) was significantly higher
(P<0.001) than in normal or osteopenic subjects
(50% of obesity in the osteoporotic group; 37.7%
and 36.6% in osteopenic and normal subjects,
respectively). In the age group 60-69, the prevalence
of vertebral fractures was significantly higher in
osteoporotic subjects (P<0.05). No statistically
significant differences were found among the three
groups of diagnosis (osteoporosis, osteopenia,
normal mineralization) concerning all the other risk
factors reported in Table II.

DISCUSSION

Phalangeal QUS for the detection of osteoporosis
was introduced in Europe in the years 1992-1993
and this method has been validated in a clinical
setting (7). Bone resorption at the proximal phalanx
is associated with significant changes in the velocity
of the ultrasound signal that crosses the phalanx
(8). A study of cost effectiveness demonstrated that
QUS is clearly recommended as a pre-test for DXA
only in women aged 60-70 years (9). Benitez et al.,
in their work of comparison between phalangeal
QUS and DXA at hip and lumbar spine, suggested
that QUS could be used for screening evaluation for
osteoporosis in postmenopausal women (10).

A recent paper showed that osteoporosis self-
assessment tool in combination with QUS may help
to detect subjects of both sexes at higher risk of
osteoporosis and it could be an alternative method
for diagnosing osteoporosis (11).

The PR.O.F project aims to increase diagnosis
of osteoporosis, which is recognized as an under-
diagnosed pathology and awareness of the
importance of the screening in populations at risk for
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osteoporosis, and osteoporotic fractures.

In our study, we assessed the prevalence of
osteopenia and osteoporosis in the population of
Southern Apulia (provinces of Brindisi, Lecce and
Taranto), [taly in a 4-year period from 2009 to 2012.
In women aged 40-69 years of age, we found a
prevalence of osteoporosis lower than the results of
the ESOPO study (which assessed three decades of
age: 40-49, 50-59 and 60-69). In all the examined
decades of age, the prevalence of osteopenia was
higher than that reported in the ESOPO study, while
normal mineralization was similar, with the only
exception being the class 60-69 (in which we found
only 5.7% of subjects with a diagnosis of normal bone
quality) (12). The reasons for these discrepancies
could be found in the different characteristics of
the study population and the different type of QUS
methods used in these two studies (ESOPO was
performed by using calcaneal QUS). Moreover,
the results from the ESOPO study were obtained
in all Italian regions, while our study focuses only
in a specific area of Southern Apulia. However, our
results concerning the prevalence of osteoporosis,
osteopenia and normal mineralization are very
similar to those obtained by Biino et al. in an isolated
area of the Sardinia Region on a sample of more than
6,000 subjects (13).

The prevalence of vertebral fractures found
in subjects stratified by age was lower than the
prevalence found in other studies, especially for
people aged 60 years and over (14, 15).

Finally, it should be pointed out that our data
result from interviews with patients, who may
not have reported previous diagnosis of fractures
or morphometric alterations of spine due to bone
fragility. However, it is know that 50% of vertebral
fractures may be asymptomatic. There is evidence
that vertebral fractures arise exponentially with age
in much the same way as for hip fractures, between
the ages of 60 and 90 years; compared with a 20-
fold increase of vertebral fractures, the increase of
hip fractures is 50-fold (16). Thus, the prevalence of
vertebral fractures in our study population may have
been under-estimated.

AD-SoS, in some studies, demonstrated to have
the same predictive power of fracture risk compared
to lumbar spine BMD (17, 18).

These results are powerful for an AD-SOS device

measuring through the proximal phalanges of the
hand, and further prospective studies have proven
the capability of phalangeal ultrasound in fracture
risk assessment (19).

We conclude by emphasizing the importance
of screening for osteoporosis diagnosis in the
population at risk and the role of QUS in the
diagnosis of osteoporosis in large scale screenings.
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