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Expression of laminins and their integrin
receptors in diVerent conditions of synovial
membrane and synovial membrane-like interface
tissue
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Abstract
Objective—To demonstrate the expression
of laminins (Lns) and their integrin (Int)
receptors in diVerent synovial samples
and synovial membrane-like interface tis-
sues from well fixed and aseptically loos-
ened total hip replacement (THR), and
the potential role of Ln-Int interaction in
the production of collagenases and cy-
tokines.
Methods—Immunohistochemical staining
was done to detect the distribution of EHS
Ln, Ln á2, á3, á5, â1, â2 chains and Int á1,
á2, á3, á6, â1, â4 subunits in diVerent sam-
ples. Double immunofluorescence label-
ling was used to find colocalisation of Int
á6 subunit and collagenase-1/collagenase-
3/TNFá/IL6.
Results—General Ln immunoreactivity
was detected in all specimens. Ln á5, â1
and â2, but not á2 and á3 chains were seen
in the synovial lining and the basement
membrane of blood vessels with the
intensity/extent of labelling in the follow-
ing rank order: rheumatoid arthritis (RA)
loosened prostheses, osteoarthritis, well
fixed prostheses, traumatic knees. Among
Int subunits, staining for â1 was usually
the strongest, followed by staining for Int
á6, á1, á3, and á2 subunits, with the same
rank order for overall expression of Lns.
Int â4 subunit was not detectable in most
of the specimens. Double labelling focused
on Int á6 subunit disclosed its frequent
colocalisation with collagenases 1 and 3
and with tumour necrosis factor á and
interleukin 6 in synovial lining.
Conclusion—Synovial lining contains Ln-
10, Ln-11, and Int á6â1 and á1â1 receptors.
In aseptic loosening of THR, interface tis-
sue has a similar Ln subtype and Int
receptor composition as RA synovium,
which confirms its “lining-like” pheno-
type. Synovial lining does not contain
Ln-5 (á3â3ã2) or Int á6â4, which are com-
ponents of epithelial hemidesmosomes.
The expression of Lns and their Int recep-
tors is upregulated in inflammation. The

close spatial relation between Ln and its
Int receptors in synovial lining cells
containing proteinases and cytokines sug-
gests a potential role in joint destruction
and prosthetic loosening.
(Ann Rheum Dis 1999;58:683–690)

The formation of synovial membrane-like
interface tissue between prostheses/cement and
bone is a common pathological finding in
aseptic loosening of total hip replacement
(THR). The histological features of interface
tissue are characteristic of a foreign body
granuloma. It presents a similar bone lytic
potential as rheumatoid arthritis (RA) synovitis
tissue.1 Most of the previous studies have been
focused on the cell reactivity to wear debris and
the eVect of bioactive substances secreted by
activated cells in periprosthetic osteolysis,2

whereas little is known about the expression in
the interface tissue and potential role of extra-
cellular matrix (ECM) proteins in the process
of prostheses loosening.

Laminin (Ln) was originally thought to be
the third chain of type IV collagen while the
resistance to collagenases indicated its non-
collagenous nature. To date, five á, three â and
two ã chains assembled into 11 diVerent Lns
have been clearly identified.3 Ln network is part
of basal lamina and intercellular substance in
the synovial lining. The abilities of Lns to
stimulate cell adhesion and migration, as well
as to influence gene expression, underlie their
critical importance in development, diVeren-
tiation and tissue homeostasis.4

The cell binding to Lns occurs via a variety
of cell surface receptors. Integrins are the main
way that cells both bind and respond to the
ECM. Int á6â1 has been demonstrated to be a
major receptor of Lns while the well known
collagen receptors, Int á1â1 and á2â1 can also
bind to some Lns.5–7 The interaction of Lns and
their Int receptors can, by influencing the
organisation of cytoskeleton, activate intracel-
lular signalling cascades and thus modulate the
expression of proteases and cytokines in diVer-
ent tissues and cells.8–11
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This study was intended to show the
distribution of Lns and Int receptors in diVer-
ent conditions of synovial membranes and
synovial membrane-like interface tissue from
well fixed and aseptically loosened hip prosthe-
ses and the eventual eVect of Ln-Int interaction
on the production of local bioactive substances

that contribute to joint destruction and
periprosthetic osteolysis.

Methods
PATIENTS AND SAMPLES

Ten synovial samples were obtained from
patients with osteoarthritis (OA) undergoing
primary THR (seven women and three men,
mean age 71.1 years, range 41–84). Five syno-
vial samples were obtained from patients with
RA undergoing primary THR (two men and
three women, mean age 41.6 years, range
40–72). Five samples were collected from the
interfaces between prostheses/cement and
bone from OA patients undergoing revision
THR because of aseptic loosening (three men
and two women, mean age 73.6 years, range
61–86). The average time from primary opera-
tion to revision was 9.2 years (range 5–17).
Five samples were collected from OA patients
with well fixed implants from bone-cement
interface; indication for the operation was a

Table 1 Antibodies used

Clone Target Source Dilution Reference

Polyclonal EHS Ln Rb 1:100 12
5H2 Ln-á2 M 1:800 13
BM-2 Ln-á3 M 1:400 14
4C7 Ln-á5 M 1:800 15
LnB1 Ln-â1 M 1:2000 16
C4 Ln-â2 M 1:100 17
TS2/7 Int-á1 M 1:30 18
CLB10G11 Int-á2 M 1:600 19
J143 Int-á3 M 1:300 20
GoH3 Int-á6 R 1:600 21
102DF5 Int-â1 M 1:300 22
AA3 Int-â4 M 1:600 23

Ln-: diVerent Ln chains; Int-: diVerent integrin subunits, Rb:
rabbit; M: mouse; R: rat.

Figure 1 EHS Ln immunoreactivity in synovial membrane and interface tissue. The staining was comparatively strong in
the lining layers (arrows), sublining area and basement membrane of blood vessels. Weak staining was occasionally found in
deep stroma in the pericellular spaces. The staining in RA synovial membrane was usually the strongest (A), followed by
interface tissue from aseptic loosening of THR (B), OA synovial membrane (C), the samples from well fixed THR (D) and
the synovial samples from traumatic knees (E). For staining control the specific primary rabbit antiserum to human EHS
Ln was replaced with rabbit IgG (F).
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mechanical failure of the polyethylene cup
(three women and two men, mean age 65.8
years, range 59–70). None of them had clinical
or radiological signs of aseptic loosening. The
mean time from the primary to the second
operation was 5.6 years (1–10). In addition,
“non-inflammatory” synovial membrane sam-
ples were obtained from five patients undergo-
ing arthroscopy because of knee injuries (two
men and three women, mean age 40.6 years,
range 22–53). The final diagnosis turned out to
be injury of meniscus (thee cases) and anterior
cruciate ligament tear (two cases). All samples
were embedded in OCT compound (Lab-Tek
Products, Miles Laboratories, Elkhart, IN) and
frozen in isopentane precooled by dry ice. The
frozen samples were stored at −70°C until use.

IMMUNOHISTOCHEMISTRY

Six µm thick cryostat sections were fixed in
cold acetone for 15 minutes at −20°C. Endog-
enous peroxidase activity was blocked with
0.3% hydrogen peroxide in absolute methanol
at 22°C for 30 minutes. The sections were then
treated according to the following procedures:
(1) Incubation with the following normal sera
(Vector Laboratories, Burlingame, CA; dilu-
tion 1:50 in TRIS buVered saline (TBS)

containing 0.1% bovine serum albumin
(BSA)) at 22°C for 20 minutes: (a) goat serum
for polyclonal Ln antibody; (b) rabbit serum
for Int á6 subunit; (c) horse serum for the
mouse MAbs. (2) Incubation with primary
antibodies (diluted in TBS containing 0.1%
BSA, see table 1) overnight at 4°C. (3) Incuba-
tion with following biotinylated antibodies
(Vector Laboratories, diluted 1:100 in TBS
containing 0.1% BSA) at 22°C for 30 minutes
respectively: (a) goat antirabbit IgG; (b) horse
antimouse IgG; (c) rabbit antirat IgG. (4)
Incubation with avidin-biotin-peroxidase com-
plex (ABC, Vector Laboratories, diluted 1:100
in TBS containing 0.1% BSA) for 30 minutes
at 22°C. (5) Incubation with a combination of
3,3-diaminobenzidine tetrahydrochloride
(DAB, Sigma, St Louis, MO; 35 mg dissolved
in 150 ml TBS) and 0.006% H2O2 at 22°C for
five minutes. Between two steps, the sections
were washed for 3 × 5 minutes in TBS. The
sections were dehydrated in a graded ethanol
series, cleared in xylene and mounted in
Diatex. Instead of primary antibodies, normal
rabbit IgG, rat and mouse IgG1 with irrelevant
specificities were used at the same concentra-
tion as negative staining controls.

Figure 2 EHS Ln, Ln chains and Int subunits in semi-serial sections of a synovial sample from OA. Panel A: EHS Ln,
B: Ln á2 chain, C: Ln á3 chain, D: Ln á5 chain, E: Ln â1 chain, F: Ln â2 chain. Panel G: Int á1 subunit, H: á2 subunit,
I: á3 subunit, J: á6 subunit, K: â1 subunit, L: â4 subunit.
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For light microscopical analysis, the stained
specimens were evaluated for the overall extent
and intensity of staining into no staining (−),
weak staining (±), moderate staining (+),
strong staining (++), and very strong staining
(+++).

DOUBLE IMMUNOFLUORESCENCE LABELLING FOR

INT á6 SUBUNIT AND MMP-1/MMP-13/TNFÁ/IL6

Cryostat sections (6 µm) were cut from five
samples of OA synovial membranes and five
samples of interface tissues. After fixation in
cold acetone at −20°C for 20 minutes, the sec-
tions were washed with PBS and incubated
with the following antibodies: (1) rat antihu-
man IgG against Int á6 subunit (diluted 1:250
in PBS containing 1.25% BSA) for 60 minutes
at 22°C. (2) FITC conjugated donkey antirat
IgG (diluted 1:100 in PBS containing 12.5%
BSA, Jackson ImmunoResearch Laboratories,
West Grove, PA) at 22°C for 45 minutes in the
dark. (3) Polyclonal rabbit antihuman
collagenase-1 (MMP-1) IgG (diluted 1:1000
in PBS containing 1.25% BSA, Chemicon
International Inc, Temecula, CA) at 22°C for
60 minutes. (4) TRITC conjugated goat anti-
rabbit IgG (diluted 1:100 in PBS containing
12.5% BSA, Jackson ImmunoResearch Labo-
ratories) at 22°C for 45 minutes in the dark.

Human IgG (diluted 0.8/l in PBS, Sigma)
was added to the conjugated second antibody
solutions to reduce non-specific reaction. The
sections were washed with PBS for 3 × 10 min-
utes between two steps. The slides were air
dried and mounted with Vectashield (Vector
Laboratories) and kept in the dark at 4°C. For
negative control, rat IgG1 and rabbit IgG were
used instead of the first and second primary
antibodies respectively.

Similar protocols were used for Int á6 subu-
nit and collagenase-3 (MMP-13)/tumour

necrosis factor á (TNFá)/interleukin 6 (IL6)
double staining for this purpose, the following
polyclonal rabbit antisera were used: antiserum
to MMP-13 (1:300,24), to TNFá (1:200; Mon-
osan, Udne, the Netherlands), and to IL6
(1:200; Genzyme, Cambridge, MA).

The specimens were viewed through a Leitz
Aristoplan fluorescence microscope equipped
with epi-illumination and specific filters: filter
block I3 for FITC (excitation filters BP
450–490, dichromatic mirrors RKP 510, sup-
pression filters 520), and filter block N2.1 for
TRITC (excitation filters BP 515–560, dichro-
matic mirror RKP 580, suppression filter LP
580). The photographs were taken on Kodak
T-max film (Rochester, NY) using an auto-
matic Leitz Vario-Orthomat microscope cam-
era.

Results
GENERAL LN IMMUNOREACTIVITY

All samples showed immunoreactivity for EHS
Ln. Relatively strong staining was found in the
lining layers and sublining area of synovial
membrane, lining-like layers of interface tissue
and the basal laminae of the blood vessels.
Occasionally, immunoreactivity could be
found around cells in deep stroma. The
strongest reaction appeared in RA samples,
followed by interface tissue from aseptic
loosening of THR and OA samples, whereas
staining of well fixed cement/prosthesis-bone
interface and traumatic knee synovium was
weak and confined to pericellular areas in
lining layer (figs 1, 2).

LOCALISATION OF DIFFERENT LN CHAINS

Ln á5, â1 and â2 chain immunoreactivities
were found in all of the samples. The distribu-
tion of á5 and â1 chains was similar and
relatively restricted. The staining for these two

Table 2 Staining scores of Ln chains and Int subunits

Tissues Ln-á2 Ln-á3 Ln-á5 Ln-â1 Ln-â2 Int-á1 Int-á2 Int-á3 Int-á6 Int-â1 Int-â4

RA-1 ± − +++ +++ +++ ++ − ± ++ +++ ±
RA-2 − − +++ +++ +++ +++ − ± +++ +++ −
RA-3 − ± +++ +++ +++ ++ ± − +++ +++ −
RA-4 ± ± +++ ++ +++ ++ − − ++ +++ −
RA-5 − − +++ +++ +++ ++ − ± +++ +++ −
IT-1 ± − ++ ++ ++ + ± − ++ +++ −
IT-2 − − +++ ++ ++ + − − ++ ++ −
IT-3 − − ++ ++ +++ ++ − ± +++ ++ −
IT-4 − − ++ ++ +++ ++ − ± ++ +++ −
IT-5 ± − +++ ++ ++ + − − ++ +++ ±
OA-1 − − + + + + − − + ++ −
OA-2 − − + + ++ + − − + ++ −
OA-3 − − ++ + ++ + − − + ++ −
OA-4 ± − ++ ++ + + − − ++ ++ ±
OA-5 − − + + ++ + − − + ++ −
OA-6 − − ++ + ++ ± − − + ++ −
OA-7 − − + + + ± − − ++ ++ −
0A-8 − ± + + + + − − + ++ −
OA-9 − − + ++ ++ + − ± ++ ++ −
OA-10 − − + + ++ ± − − + ++ −
WF-1 − − ± ± ± − − − + ++ −
WF-2 − − + ± + ± − − + + −
WF-3 − − + + + ± − − + + −
WF-4 − − + ± ± ± − − ± + −
WF-5 ± ± + + + ± − − + ++ −
KA-1 − ± + ± ± ± − − ± ± −
KA-2 − − ± ± ± ± − − + + −
KA-3 − − + ± ± − − − ± ± −
KA-4 − − ± + + − − − + + −
KA-5 − − ± ± ± ± − − ± + −

RA: synovial samples from patients with RA; IT: synovial membrane-like interface tissue from patients with aseptic loosening of
THR; OA: synovial samples from patients with OA; WF: the samples from well fixed bone-cement/prosthesis interface; KA: syno-
vial samples from patients with traumatic knees undergoing arthroscopy.
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chains was strikingly strong in the basal
laminae of blood vessels although staining of
lining and sublining region was also detectable.
In contrast, the staining of Ln â2 chain was
more extensive, but in the basal laminae of
blood vessels not as strong as that of the Ln á5
and â1 chains. Pericellular Ln â2 chain
reactivity often appeared in deep stroma. In
most of the samples, Ln á2 and á3 chains were
not detectable (table 2, fig 2). The distribution
patterns of Ln á5, â1 and â2 chains were simi-
lar, but the intensity of staining varied greatly
between diVerent sample categories.

DISTRIBUTION OF DIFFERENT INT SUBUNITS

Among all the Int subunits stained, the staining
of Int â1 subunit was usually the strongest,
followed by staining of Int á6 and á1 subunits.
The distribution patterns for these Int subunits
were similar, for example, the strong staining of
á6 subunit was always detected around the cells

in lining layers of synovial membrane, the lining-
like layers of interface tissue and vascular
endothelial cells (fig 3). The immunoreactivity
of Int á3 subunit was very weak and occasionally
found in vascular endothelial cells in the stroma.
In most cases, staining for Int á2 and â4 sub-
units was not detectable (table 2, fig 2). Int á6,
á1 and â1 staining was the strongest in RA syn-
ovium, followed in the rank order by interface
tissues from loosened prostheses, OA synovium,
the samples from well fixed interface, and syno-
vial samples from traumatic knees (fig 3).

DOUBLE IMMUNOFLUORESCENCE STAINING FOR

INT á6 SUBUNIT AND MMP-1, MMP-13, TNFÁ OR

IL6

In the lining layer of OA synovium (fig 4), there
were some Int á6 subunit/MMP-1 (A, B), Int
á6 subunit/MMP-13 (C, D), Int á6 subunit/
TNFá (E, F) and Int á6 subunit/IL6 (G, H)
double positive cells. Colocalisation of Int á6

Figure 3 Int á6 subunit staining was intense around the cells in the lining layer and in vascular endothelial cells.
Occasionally, weak cellular staining was detected in sublining and deep stroma. Staining was the strongest in RA samples
(A), followed by interface tissue from aseptic loosening of THR (B), OA synovial membrane (C), interface tissue from well
fixed prostheses (D) and synovial membrane from knee injuries (E). For staining control the primary mouse antihuman
Int á6 IgG1 was replaced with monoclonal IgG1 with an irrelevant specificity (F).
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subunit and collagenases/cytokines was rarely
found in deep stroma. In the lining-like layers
of interface tissue from aseptic loosening of
THR (fig 5), there were many Int á6
subunit/MMP-1 (A, B), Int á6 subunit/
MMP-13 (C, D), Int á6 subunit/TNFá (E, F)
and Int á6 subunit/IL6 (G, H) double positive
cells. Colocalisation of á6 subunit with colla-
genases and cytokines was occasionally found
in the endothelial and macrophage-like cell of
the stroma.

Discussion
The main molecular components of BM are
type IV collagen, nidogen/entactin and Lns.
These molecules are present in the ECM
surrounding the synovial lining cells, but in
contrast with their organisation in basement
membrane (BM), they do not form a typical
trilaminar structure separating the lining cells
and stroma of synovium. This makes synovial
lining a unique cell-matrix composite structure
in human body.25

The multidomain nature of Ln is ideally
suited to mediate the interactions with a variety
of BM molecules. Their primary role is in cell-

matrix attachment, but many additional bio-
logical activities, including promotion of cell
growth and migration, wound repair and graft
survival, have been demonstrated. The diverse
functions of Lns in diVerent tissues may be
attributable to the existence of a variety of Ln
molecule isoforms. These isoforms can diVer
from each other by one, two or all three
constituent chains.3

Identification of Ln á1 chain was earlier
based on the use of MAb 4C7 raised against
human placental Ln. More recently, it has been
noticed that it actually reacts with a 380 kDa
Ln á5 chain. The idea of widespread expres-
sion of Ln á1 chain and Ln-1 came from stud-
ies done with MAb 4C7. In fact, the distribu-
tion of Ln á1 chain is very restricted, it is only
found in adult mouse, rat and human kidney.
In contrast, Ln á5 chain is more widely
distributed.26–28 All the results from the studies
with MAb 4C7 should, therefore, be reinter-
preted as the expression of Ln á5 chain.29 Ln
á5 chain contains the domain VI, which medi-
ates the intermolecular assembly of Ln heterot-
rimers in other Ln types.3 30 Our study showed
intercellular spaces of the intima/synovial
lining and the basal laminae of blood vessels
contain Ln á5 chain together with Ln â1 chain.
Although they were detected in the nearly nor-
mal synovial membrane from traumatic knees,
the staining was much stronger and more
widespread in the synovial samples from RA
and interface tissue from loosened prostheses.
These results indicate that synovial lining con-
tains, not Ln-1(á1â1ã1), but Ln-10 (á5â1ã1),
and that the production of Ln-10 is upregu-
lated in inflammation.

Interestingly, Ln â2 chain was found in
synovial samples and interface tissue. It was
originally identified as a component of the BM
of the neuromuscular junction17 and has subse-
quently been found in the BMs of the kidney
glomerulus, peripheral nerve, vascular smooth
muscle, lung alveoli, seminiferous epithelium,
amnion, eye, sarcolemma and several parts of
the central nervous system.16 31–38 This is the
first report about the coexistence of Ln á5 and
â2 chains in synovial membrane and interface
tissue, indicating that Ln-11 (á5â2ã1), in addi-
tion to Ln-10, exist in these tissues, and that
inflammation also increases local expression of
Ln-11.

Lack of BM in synovium and interface tissue
facilitates the deposition of Ln. Locally pro-
duced bioactive substances, such as cytokines,
growth factors, and nitric oxide may, as
paracrine eVectors, increase Ln synthesis.39–42

The production of these substances are in-
creased in arthritis and aseptic loosening of
THR,43–46 which may contribute to the upregu-
lated Ln expression in RA synovium and inter-
face tissue from aseptic loosening of THR.

Integrins confer specificity and signalling
functions through relatively low aYnity inter-
actions while non-Int proteins stabilise and
strengthen Int initiated interactions.6 7 Al-
though it is generally established that Int
receptors of Lns are not necessarily designed to
be specific because of the complexity of
Ln-receptor interaction, Int á6â1 has been

Figure 4 Double immunofluorescence labelling for Int á6 subunit and MMP-1,
MMP-13, TNF-á or IL6 in OA. Some of the double positive cells have been marked with
arrows. Panel A and B: á6 subunit and MMP-1 double labelling, A: á6 positive cells, B:
MMP-1 positive cells; Panel C and D: á6 subunit and MMP-13 double labelling, C: á6
positive cells, D: MMP-13 positive cells; Panel E and F: á6 subunit and TNFá double
labelling, E: á6 positive cells, F: TNFá positive cells; Panel G and H: á6 subunit and IL6
double labelling, G: á6 positive cells, H: IL6 positive cells.
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identified as the main receptor for many Lns.3

In this study, we show that Int á6 subunit
appears in all synovial samples, especially in
RA and aseptic loosening of THR. Because the
same samples also express Int â1 subunit, we
conclude that Int á6â1 complex is the main
receptor for Lns in these tissues. In addition,
Int á1â1 may also play a part in Ln-Int
interaction in synovial lining and some samples
contained also Int á3â1. In contrast, Int á2â1
and á6â4 were not found. Lack of Int á6â4, the
Int component of the epithelial hemidesmo-
somes, was well in accordance with the
non-epithelial nature of the synovial lining.
Recruitment of Ints is Ln isoform specific. A
series of proinflammatory cytokines can in-
crease Int á6 synthesis, and increased amount
of these cytokines have been found in RA and
aseptic loosening of THR, which may explain
the upregulated expression of Int á6 in these
conditions.40 43 47–50

Increased level of ECM proteins in inflamed
synovium suggests that intracellular signals
generated through Int receptors might control
the process of joint destruction. Proliferation of
synovial fibroblasts from RA requires a signal
provided by ECM in addition to a signal

provided by a mitogenic cytokine. ECM
engagement without attendant cytoskeletal
formation leads to high level of collagenase
expression associated with a change in cell
shape of synovial fibroblasts.51 The recom-
binant fragments, proteolytic fragments and
synthetic peptides of mouse Ln-1 have been
shown to stimulate plasminogen activation and
to upregulate collagenase activity without
modulating the expression of tissue inhibitors
of metalloproteinases (TIMP). In this study,
we have shown that there were many Int á6
subunit and collagenase-1 (MMP-1) or
collagenase-3 (MMP-13) double positive cells
in synovial lining, implicating that intact Lns,
by interacting with cell surface Int receptors
might also modulate the production of colla-
genases. Although colocalisation only implies
associative and not necessarily causative rela-
tion, this might in part explain the increased
expression of collagenases in interface tissues
from aseptic loosening of THR.52 53

Ln-Int interaction can regulate the produc-
tion of some cytokines.9 10 In this study, we have
detected some Int á6 subunit and TNFá/IL6
double positive cells in lining layers of different
tissues. The number of such double positive
cells was higher in the interface tissues than in
OA synovium. Our results suggest a role for
Ln-Int interaction in the production of these
cytokines. Both cytokines have been shown to
be involved in the joint destruction and aseptic
loosening of THR.43 48 54 55

In conclusion, synovial lining contains, not
Ln-1, but Ln-10 and Ln-11 and á6â1 and
á1â1 type Ln receptors. Interface tissue from
aseptic loosening of THR has a similar Ln sub-
type and Int receptor composition, which con-
firms its “lining-like” phenotype.56 The fact
that snovial lining does not contain Ln-5
(á3â3ã2) and Int á6â4 diVerentiates it from
epithelia. The expressions of Lns and their Int
receptors are upregulated in the conditions
such as RA and aseptic loosening of THR. The
close spatial relation between Lns and their Int
receptors in synovial lining cells containing
proteinases and cytokines suggests an impor-
tant potential in the regulation of the pheno-
type and function of these cells. Such interac-
tions might play a part in the pathogenesis of
arthritis and prosthetic loosening.

This work was supported by the Sigrid Juselius Foundation, the
Finnish Academy, Suomen Ortopedian ja Traumatologian
Säätiö, and the Helsinki University Central Hospital (Evo
Grant), Finland.
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