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Fig. 1. A Antcroposicrior (AP) radiograph ol the right leg
showed a varus deformity. B Lateral radiograph of the right
leg demonstrates strong bowing of the femur at the middle
third. C AP radiograph of the left leg showed a varus defor-
mity. D Lateral radiograph of the lefi leg demonstrites strong
bowing of the femur at the middle third

Fig. 2. A AP radiograph
of the lefi knee alter
total knee arthroplasty
(TKA) showed excellent
alignment. B AP radio
graph of the right knee
after TKA showed excel
lent alignment

performed. Complete relief of pain and recovery of
walking abality was achieved. Subsequent roentgeno-
grams demonstrated bone union

At 37 months after the left TKA. the patient com-
plained of left thigh pain that decreased at rest and
increased with physical activity. There was no history

Lh

Fig. 3. Radiograph showed a displaced transverse fracture

of trauma. Radiographs showed an undisplaced femoral
shaft transverse fracture where lordosis and bowing
were the strongest, consistent with an insufficiency
fracture (Fig. 4). She was treated with rest and anti-
mflammatory drugs. Three months after the stress frac-
ture (40 months after the left TKA), the fracture united
and she was becoming more mobile. However, 42
months after the left TKA, she fell again and could not
walk owing to severe left thigh pain. Radiographs
revealed a displaced transverse fracture of the left
femoral shaft in accordance with the preceding fracture
(Fig. 5). Open reduction and internal fixation with an
intramedullary nail was performed. Twelve months
after the second operation (54 months after the left
TKA), clinical and radiological examination of both
arthroplasties were satisfactory (Fig. 6)

Discussion

Stress fractures occur in characteristic locations in spe
cific age groups and certain occupational situations. The
most frequent locations of stress fractures are the meta-
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tarsals, femoral neck. and proximal tibia." Stress frac-
tures of the femoral shaft are relatively rare. Among all
stress fractures, the reported proportions of femoral
shaft stress fractures, including undisplaced and dis-
placed fractures, range from 3% to 43% in military
recruits and from 3% to 21% in athletes.” In terms of
displaced femoral shaft fractures. the incidence in mili-
tary recruits has been 1.5 per 100 000 person-years in
military service.”

As defined by Salminen et al.'" participation in the
following activities during fracture onsel are indicative
of a stress fracture: (1) ordinary movement such as
walking, running. or bending the knee or the hip; (2)
straining or struggling: (3) slipping and stumbling at
ground level; or (4) a fall from a height less than 1 m
In our patient, femoral shaft fractures occurred three
times, and the right femoral shaft fracture fulfilled Sal-
minen’s criteria. The two left femoral shaft fractures
were diagnosed as msufficiency fractures.

To our knowledge, only 21 femoral fractures associ-
ated with TKA have been reported in the literature’”
20 occurred in the femoral neck/subcapital ™ and 1
occurred in the subtrochanteric region.” A review of the
literature failed to reveal a case in the femoral shaft
area or bilateral fractures associated with TKA. Stress
fracture after TKA occurs mainly in patients with con-
siderable deformity of the knee and osteoporosis The
risk of fracture is directly related to the tissue stress/
tissue strength ratio, which in turn is dependent not only
on tissue composition but also on tissue geometry and
the direction and magnitude of loading Joshi et al’
reported four cases of femoral neck fracture after TKA
in patients with large varus deformities of the knee and
concluded that the main etiology of this fracture is the
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Fig. 4. A AP mdiograph showed a
lateral cortical crack perpendicular 1o
the cortex of the mid-femoral shaft
(arrow). B AP radiograph showed
enlargement of the cortical crack
(arriw)

changes in the biochemical axis of the hip resulting from
correction of large knee deformities with the hip in
valgus. In contrast, Kumm et al. * reported a subtro-
chanteric fracture and concluded the main etiology of
this fracture is a decrease in the tension band effect of
the iliotibial tract in combination with coxa vara and
changes in static and dynamic forces of the femur.

In our patient, changes in the weight-bearing axis of
the extremity were likely after TKA in patients with
large deformities of the knee. In addition, because of
the relief of the pain following TKA. she was undoubt-
edly putting greater stress on the bilateral legs owing to
more active use and weight bearing than before surgery.
In addition, the strong lordosis of the femur and bowing
at the middle third were unique and likely increased
tension stress strains at the anterolateral side of the
middle third of the femoral shaft, leading to this rare
fracture. In past studies. knee deformity and hip geom-
etry are risk factors for stress fracture of the femur.”

Boden et al.” classified stress fractures as low-risk or
high-risk injuries. Low-risk stress fractures have a favor-
able prognosis when treated with activity restriction. In
contrast, high-risk stress fractures are prone to delayed
union or nonunion, especially if the diagnosis is delayed.
Femoral shaft stress fracture 18 classified as a low-risk
fracture, whereas femoral neck stress fracture is a high-
risk fracture.” Femoral shaft stress fractures in athletes
and military recruits are undoubtedly considered low
risk because most cases are not displaced and can be
treated nonoperatively. Considering the clinical course
of this case, femoral shaft stress fractures after TKA
may be considered high-risk fractures because of frac-
ture dislocation and prolonged morbidity. Therefore,
special attention to stress fracture is warranted when a
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Fig. 5. Radiograph showed n displaced transverse fracture in
accordance with the preceding [racture

patient with considerable deformity of the knee and
eccentric geometry undergoes TKA and later complains
of severe thigh pain.
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graph of the right leg
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showed good align-
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the left leg after open

reduction and inter
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Abstract

Seventeen hips in 13 patients with avascular necrosis (AVN) of the femoral head without collapse of the femoral
head at first examination were followed for at least 8 years of conservative treatment. Long-term outcomes of hips
with AVN were divided into 3 groups: (1) hips without collapse, (2) hips with progression but cessation of collapse,
and (3) hips with progression of collapse. In groups 1 and 2, good clinical results are expected. Hips with femoral
head collapse >3 mm at 3 years from the onset of hip pain progressed to osteoarthritis.

Disruption of the femoral head contour by collapse of necrotic segments is considered to be an important tuming
point in the history of avascular necrosis (AVN) of the femoral head, and in many cases, surgical treatmenl is
required soon after the onset of symptoms.' However, in a few cases, conservative realment is sufficiently effective
to avoid surgical procedures for long periods.? For patients with early-stage AVN, it is important to accurately predict
its natural course. To date, the natural course of AVN has nol been well-documented or adequately described in the
literature.?

In this study, we followed AVN in selected patients whose femoral heads were not collapsed at first examination and
who were treated conservatively over 8 years, This study documents the characteristics of patients who can be
treated without surgery for long periods

Materials and Methods

Included in this study, which occurred between 1974 and 1998, were 22 hips in 16 patients with AVN who could be
followed up for a minimum of 8 years with conservative treatment. Among these, 17 hips in 13 patients, which did
not show collapse of the femoral head at first examination, were enrolled in this study (Table). Surgery was not
underiaken for >8 years by patients with mild or no clinical symptoms, or by patients who refused to have surgery.
Patients thus included 11 hips in 8 men and 6 hips in 5 women with a mean age of 37 years (range, 20-74 years)
Four patients had bilateral involvement and 9 patients had unilateral involvement. Patients were followed clinically
and radiographically at 3- to 12-month intervals for a mean of 13 years (range, 8-26 years). Four of 17 hips
underwent total hip arthroplasty (THA) after 8 years of conservative treatment.

E

Type A Type B Type C-1 ' Type C-2

Figure 1: The classification scheme consists of four types (A, B, C-1, C-2) and is based on the central
coronal section of the femoral head on T1-weighted images or the anteroposterior radiographic view
Type A lesions occupy less than the medial 1/3 weight-bearing area. Type B lesions occupy greater
than 173 or less than 2/3 of the weight-bearing area. Type C-1 and C-2 lesions both occupy more than
213 of the weight-bearing area, but type C-2 lesions extend beyond the acetabular edge. The weight-
bearing area is defined as the area lateral to the mid-verfical line of the line through the acefabular
edge and the teardrop bottom.
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To determine the location of necrotic lesions, we used the radiographic classification established by the working
group of the Specific Disease Investigation Committee under the auspices of the Japanese Ministry of Health,
Labour, and Welfare (Figure 1). Two hips were type A, 1 hip was type B, 5 hips were type C-1, and @ hips were type
C-2 at first examination. Radiological staging was performed according to Ficat's classification®; 9 hips were stage |
and 8 hips were stage |l. Each patient underwent repeated radiographic examination, such as plain radiograph,
computed tomography (CT), magnetic resonance imaging (MRI), and bone scanning. To evaluale the progression of
collapse, we followed the methods for measuring osteonecrosis progression reported by Aaron et al® and Nishii et
al? (Figure 2). Each patient was asked to indicate the level of hip pain according to the scoring system of the
D'Aubigne scale.® Patients with a pain score from 1 (intense and permanent pain) to 2 (severe pain when walking)
were regarded as having severe pain. Patients failing to achieve a grade of 2 on the pain scale were advised to
undergo a hip arthroplasty.

Written informed consent was oblained from the patients included in this
study.

Results

Seven of 17 hips (41%) did not exhibit progression 1o collapse. One hip
was type A, 1 hip was type B, 3 hips were type C-1, and 2 hips were type
C-2. Radiographic signs of femoral head collapse were obsarved in the
remaining10 hips (59%). Eight hips collapsed within 1 year of first
examination, and 2 hips (12%) collapsed after 1 to 3 years. Cessation of
collapse oceurred within 3 years from first examination in 4 hips, and the
amount of collapse of the femoral head was <3 mm in all 4 hips. Two of
these 4 hips were type C-1 and 2 hips were type C-2. In 6 hips with >3
mm of collapse, collapse progressed to stage IV. Total hip arthroplasty
was performed on 4 of these 6 hips. One hip was type A and the

! ure 2: femoral
remaining 5 hips were type C-2 (Table). There was no correlation :?;d m&? ;fahm:“::y;'e (white
between pain and type of AVN. Total hip arthroplasty was performed on 4 ling) encompassing the femoral head
hips having severe pain (pain score 1 or 2). was eslimated to represent the entire

femoral head on AP or lateral

- . radiographs. The distance between the
In 4 stage |ll hips at final evaluation, the amount of collapse of the AR rietalin tnko e tarmorsl

femoral head was 1.5 mm in the first 3 years (range, 1-2 mm). In Haad wri : fin
contrast, in the 6 stage IV hips alt final evaluation, the amount of collapse dmmina;h:am?_wd e
of the femoral head was 4 mm in the first 3 years (range, 1-7 mm) and

had progressed an average of 0.7 mm a year (0.2-1.7 mm a year) until final evaluation.

Discussion
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If the course could be predicted in a given case, it would easier to prescribe appropriate treatment, and it would also
allow for accurate comparisons of results obtained with various treatment methods. However, comprehensive
studies into the course of AVN are lacking. The most important turning point in the course of AVN s the occurrence
of subchondral plate fracture of the femoral head, which leads to collapse of the necrotic segment of the epiphysis.
The rate of femoral head collapse reportedly varies from 44% to 79%,27# probably because of differences in study
populations; the overall average was approximately 50%." In our study, the overall rate of femoral head collapse was
59%.

Collapse depends chiefiy on the initial size and location of the necrotic segment. Multiple logistic regression
analyses revealed a significant relationship between lesion volume and radiological collapse.® In this study, of the 3
hips in which lesion volume was small {type A or B), 1 hip collapsed. Of the 14 hips in which lesion volume was large
(type C-1 or C-2), © hips (64%) collapsed. If lesion size is extensive in the weight-bearing area, the femoral head will
typically collapse.

There is an opinion that the time to femoral head collapse is usually <2 years after diagnosis of AVN,'? Beyond 3
years, the risk of radiographic deterioration is virtually nonexistent. Lafforgue’ reported that the time to femoral head
collapse Is within 2 years after diagnosis of AVN. Ohzono et al*” reported that the interval from entry info the study to
Ihe date of collapse was usually <3 years, and within 6 years, 69% had developed osteoarthritis. Bradway and
Morrey'" found that 13 of 15 hips that were negative for any conclusive sign of necrosis on plane radiographs
collapsed <3 years after entry. The remaining 2 hips showed collapse of the femoral head at 50 and 66 months after
entry, respectively. In our study, all collapses were observed within 3 years after first examination, and thus we
believe that if collapse of the femoral head does not occur within 3 years of onset, femoral head collapse will not
occur. Moreover, cessation of collapse was also observed within 3 years of onset. The first 3 years are an important
period in predicting the history of AVN.

Our analysis indicaled that collapse of the femoral head does not necessarily indicale a poor prognosis, and even
after collapse occurs, subsequent cessation of collapse can be expected in a certain percentage of hips. In 4 of 10
collapsed hips (40%) in this study, cessation of collapse was observed. In all 4 hips with cessation of collapse, the
amount of collapse was <2 mm, while all 6 hips with >3 mm of collapse progressed without cessation of collapse.
Therefore, hips with >3 mm of collapse should not be expected to exhibit cessation of callapse, thus indicating poor
prognosis. This suggests that patients with collapse of <2 mm may show cessation of collapse and may not require
joint-preserving surgery. Nishil et al* showed that 28 of 54 hips (52%) with early-stage AVN (without collapse or only
a crescent sign) collapsed during a 5-year follow-up; subsequently, 15 of 28 hips (54%) showed cessation of
collapse and 10 of 15 hips (67%) showed improvement in pain, even after collapse occurred. In terms of the
confirmation period of femoral head collapse cessation, all cases of cessation were abserved within 3 years from
first presentation. After cessation of collapse was observed, recollapse did not occur in any cases.

Our study has 2 major limitations. First, we were only able to evaluate 17 hips, as surgical treatments wers required
within short periods from the onset of hip pain in many cases, and thus evaluating many cases is difficuit. However,
we believe that further study is required to clarify the course of AVN. The second limitation is bias at the time of case
selection. This study used a selected sample of patients who could be followed for at least 8 years, and it is thus
possible that the results do not reflect the true course of AVN.

Conclusion

The course of AVN without collapse of the femoral head can be classified into 3 pattems: (1) collapse of femoral
head does not occur, (2) eariy progression with subsequent cessation after >2 mm of collapse, and (3) slow
progression of collapse and patients tolerate hip pain. In groups 1 and 2, good clinical results are expected. We
believe that there are 3 prognostic stages for a poor outcome in AVN: the first stage s the exlent of necrolic lesions,
the second stage is the onset of collapse, and the third stage s the amount of collapse. In this study, we particularly
focused on the second and third stages. Thus, whether collapse and cessation occur within the first 3 years, the
amount of femoral head collapse is important in predicting the course of AVN.

References

1. Lafforgue P. Pathophysiology and natural history of avascular necrosis of bone. Joint Bane Spine. 2006; 73

(5):500-507.

Nishil T, Sugano N, Ohzono K, Sakai T, Haraguchi K, Yoshikawa H. Progression and cessation of collapse in

osteonecrosis of the femoral head. Clin Orthop Relat Res. 2002; (400):148-157.

Hernigou P, Lambatte JC. Bilateral hip osteonecrosis: influence of hip size on outcome. Ann Rheum Dis.

2000; 59(10):817-821.

Ficat RP. Idiopathic bone necrosis of the femoral head. Early diagnosis and treatment. J Bone Joint Surg Br.

1985, 67(1):3-9.

Aaron RK, Lennox D, Bunce GE, Ebert T. The conservative trealment of osteonecrosis of the femoral head.

A comparison of core decompression and pulsing electromagnetic fields. Clin Orthop Relat Res, 1989;

(249):209-218.

8. D'Aubigne RM, Postel M. Functional results of hip arthroplasty with acrylic prosthesis. J Bone Joint Surg Am.
1954; 36-A(3):451-475.

C I T

359



10.
1.

Koo KH, Kim R, Ko GH, Song HR, Jeong ST, Cho SH. Preventing collapse in early osteonecrosis of the
femoral head. A randomised clinical trial of core decompression. J Bone Joint Surg Br.1985; 77(6):870-874.
Takatori Y, Kokubo T, Ninomiya S, Nakamura S, Morimoto S, Kusaba |. Avascular necrosis of the femoral
head. Natural history and magnetic resonance imaging. J Bone Joinf Surg Br. 1993; 75(2):217-221.

Nishii T, Sugano N, Ohzono K, Sakai T, Sato Y, Yoshikawa H. Significance of lesion size and location in the
prediction of collapse of osteonecrosis of the femoral head: a new three-dimensional quantification using
magnetic resonance imaging. J Orthop Res. 2002; 20(1):130-136.

Ohzono K, Saitlo M, Takaoka K, et al. Natural history of nontraumatic avascular necrosis of the femoral head.
J Bone Joint Surg Br. 1991, 73(1):68-72.

Bradway JK, Mamrey BF. The natural history of the silent hip in bilateral atraumatic osteonecrosis. J
Arthroplasty. 1993; 8(4):383-387.

Authors

Drs Niimi, Sudo, Hasegawa, and Uchida are from Mie University Graduate School of Medicine, Tsu-city, Mie, Japan.

Drs Niimi, Sudo, Hasegawa, and Uchida have no relevant financial relationships to disclose.

Correspondence should be addressed to: Akihiro Sudo, MD, Department of Orthopedic Surgery, Mie University
Graduate School of Medicine, 2-174, Edobashi, Tsu-city, Mie, 514-8507, Japan,

Visit us regularly for daily orthopedic news,

Copyright ® 2009 SLACK Incorporated. All rights reserved.

360



Knee Surg Spors Traumatol Arthrose (2009 17:237-243
DO 10, 1007/00167-008-0662-3

Staged bilateral mobile-bearing and fixed-bearing total knee
arthroplasty in the same patients: a prospective comparison

of a posterior-stabilized prosthesis

Masahiro Hasegawa - Akihiro Sudo -
Atsumasa Uchida

Received: 7 July 2008/ Accepted: 23 October 2008 / Published online: 20 November 2008

© Springer-Verlag 2008

Abstract  Mobile-bearing total knee anthroplasty (TKA)
has several theoretical advantages over fixed-bearing TKA.
We conducted a prospective randomized trial to compare
the results of mobile-bearing and fixed-bearing posterior-
stabilized TKA in the same patients using the same femoral
component design of a mobile-bearing prosthesis in one
knee and a fixed-beuring prosthesis in the other knee in
25 patients with osteoarthritis. The mean follow-up was
40 months. No significant differences were found in the
mobile-bearing and fixed-beaning knees in terms of clinical
and radiographic results. No osteolysis, loosening, or
revision occurred. One knee with a mobile-bearing pros-
thesis had a dislocation of the rotating bearing: however,
spontaneous reduction occurred and the dislocation did not
recur. Satisfactory early results can be achieved in both
mobile-bearing and fixed-bearing knees. We could not
demonstrate an advantage of a mobile-bearing TKA.

Keywords Total knee arthroplasty - Mobile bearing -
Fixed beanng

Introduction

The long-term resulis of total knee anthroplasty (TKA) with
a fixed-bearing design have shown a high degree of suc-
cess. There is concem, however, with regard to problems of
polyethylene wear and implant loosening. Debris-induced
osteolysis due to polyethylene wear is a potential mecha-
nism of long-term TKA failure [17, 21]. Mobile-bearing
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total knee prostheses were designed to provide dual-surface
articulation at both the superior and inferior surfaces of the
polyethylene insert. Highly congruent anticulating surfaces
result in reduced polyethylene contact stresses. In a simu-
lator study. mobile-bearing prostheses exhibited reduced
wear rates in comparison to fixed-beanng components
[6. 19]. Mobile-bearing prostheses are also postulated to
minimize bone prosthesis stress at the fixation surface of
the tibial component [4, 6, 7, 19, 23]. Additionally, the seli-
aligning nature of the implants has been promoted as
simplifying the surgical procedure, although the surgery
involved requires perfect soft tissue balancing [25]. How-
ever, these advantages over fixed-bearing rtotal knee
prostheses are theoretical,

We conducted a single-blind, prospective, randomized.
trial using the same femoral component design to compare
the results of mobile-bearing and fixed-bearing TKAs in
the same patients. To our knowledge, the present study is
the first wrial comparing the same design of a femoral
component of a mobile-bearing prosthesis in one knee and
a fixed-bearing prosthesis in the other with use of a pos-
terior-stabilized TKA. We hypothesized that early clinical
and radiographic results may demonstrate no differences
between mobile-bearing and fixed-beanng TKAs,

Patients and methods

Between April 2003 and July 2006, 25 consecutive patients
underwent a staged bilateral TKA. with a mobile-beanng
TKA on one side and a fixed-bearing TKA on the other
(average interval 8.7 months; range 2-28 months). Ran-
domization regarding the use of either a mobile-beanng or
a fixed-bearing prosthesis was determined using sealed
envelopes. The patients were kept in ignorance as to which
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side had been chosen. The study was approved by the
institutional review board, and all patients gave informed
consent. Participants included 22 women and 3 men with a
mean age al the time of surgery of 73 years (55-81). All
patients had osteoarthritis. The mean height of patients was
150.1 em (137-167) and their mean weight was 56.8 kg
(45-75). The mean follow-up was 40 months (18-63). No
patient was lost to follow-up.

All operations were performed by a single surgeon
(MH) through a midline skin incision with a midvastus
approach. Both the anterior cruciate ligament and posterior
cruciate ligament were excised. Tibial preparation was
done first followed by femoral preparation. The ligaments
were balanced. A press-fit condylar Sigma mobile-bearing
or fixed-bearing prosthesis (PFC Sigma. DePuy, Warsaw,
IN) was used. All implants used a posterior-stabilized
design with a post-cam mechanism. All components were
fixed with cement. The femoral component in both groups
was the same and was made of cobalt—chrome. The cobalt-
chrome tibial tray for the mobile-bearing prosthesis was
maodular and keel shaped with the design of a rotating
platform, as was the titamum tibial tray for the fixed-
bearing prosthesis. The mobile-beaning tibial component
was @ highly polished baseplate with nearly full conformity
in the coronal and saginal planes. The polyethylene insen
included a central cone thar engaged a matching conical
cavity in the tibial tray (Fig. 1) [23]. All patellse were
routinely resurfaced using an all-polyethylene prosthesis.
No cases required lateral retinaculum release. On the sec-
ond day after surgery. the knee was placed on a continuous
passive motion machine and the settings were advanced
incrementally until the knee reached 120° of Hexion. All
patients were allowed full weight beanng 5 days post
operatively.

Preoperative and postoperative ratings according to the
system of the Knee Society were obtained for all patients.
These ratings included a knee score and o function score
[13]. The range of movement (ROM) was measured. In
addition, we asked for subjective preference of one knee
over the other. We obtained radiographs, including antero-
postenior views of both long leg standing and supine,
supine lateral, and skyline patellar views before and after
surgery. Radiographs were assessed by a single observer
(AS) who was blinded to the type of prosthesis for align-
ment of the limb, the position of the component. and the
presence of radiolucent lines at the bone-cement interface,
according to the methods of the Knee Society [8]. Any
detectable osteolysis around the three components was
recorded.

Statistical analyses were carried out using the Wilcoxon
signed rank test, Mann-Whitney's U test. and Fisher's
exact test. P < (.05 was considered statistically significant.

i Springer

Fig. 1 Photographs of the mobile-bearing prosthesis in the right and
fixed-beanng prosthesis in the left

Results
Clinical results

The preoperative knee score and function score were not
statistically different between the mobile-bearing and
fixed-bearing knees (Table 1). The scores at the ime of the
last follow-up were also not statistically different between
the groups (Table |). Both knee scores and function scores
significantly improved postoperatively in the mobile
bearing and fixed-bearing TKAs (P < 0.01). The ROM
in mobile-bearing and fixed-bearing knees was not statis-
tcally different either preoperutive or postoperative
evaluation (Table 2). Nine patients preferred the mobile-
beaning side, 11 patients preferred the fixed-bearing side,
and 5 patients indicated no difference between the two
knees

Radiographic results

The preoperative femorotibial alignment (anatomic axis)
averaged 8.7° of varus (0-20) in 24 knees with a mobile-
bearing prosthesis. In one knee with o mobile-bearing
prosthesis, the preoperative femorotibial alignment was 11°
of valgus. The preoperative femorotibial alignment aver-
aged 8.9° of varus (3-20) in all knees with a fixed-bearing
prosthesis,. The postoperative femorotibial  alignment

v
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averaged 5.3° of valgus (1-8) in the mobile-bearing knees
and 5.4° of valgus (2-8) in the fixed-beanng knees. In both
groups. there were no significant differences in the position
of the femoral and tibial components in the coronal and
sagittal planes (Fig. 2; Table 3). Three (12%) of the 25
knees with a mobile-bearing prosthesis and 5 (20%) of the
25 knees with a fixed-bearing prosthesis had radiolucent
lines around the tibial prostheses. All of the radiolucent
lines were <1 mm and were nonprogressive. We found no
significant difference between the mobile-bearing and
fixed-bearing knees in the occurrence of radiolucent lines
(P = 0.70).

Complications

One knee in the mohile-bearing group had a dislocation of
the rotating bearing 4 days postoperatively. However,
spontaneous reduction occurred 6 days after the disloca-
tion. and the dislocation did not recur. This patient has

muscle weakness in both legs due to cervical spondylotic
myelopathy with severe varus deformity of the knee pre-
operatively. Both quadriceps deficiency and ligament laxity
may contribute to the risk of dislocation 4],

No loosening, revision. or infection occurred in any
patient.

Discussion

Several authors have compared the results of different
types and designs of mobile-bearing and fixed-bearing
TKAs. Most studies showed no difference between the
mobile-bearing and fixed-bearing TKASs in terms of clinical
score. ROM, and radiographic results as shown in the
present study [1. 4, 5. 11, 14-16, 18, 22, 28]. For example,
Kim et al. [14] compared the results of a mobile-bearing
prosthesis (LCS meniscal-bearing, DePuy) and fixed-
bearing prosthesis (AMK, DePuy) in 116 patients who had
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Table 2 Range of movement

Patient mumber Flexion Flexion contracture
Preoperative Postoy Pre ¢ Posiop
Mobile  Fixed Mobile Fixed Mohile Fixed Mohile  Fxed

I 130 135 135 135 15 10 0 a
2 130 130 140 140 5 5 0 0
3 120 100 145 130 5 1] o ]
4 15 120 125 130 15 b} 0 o
5 125 125 120 120 0 5 0 i}
[ 120 115 140 135 20 2 0 0
7 130 125 130 130 10 15 0 ]
8 95 120 130 125 5 15 0 0
9 130 105 138 130 10 15 0 0
10 1o o 1s 15 45 20 10 ]
B} 100 125 125 135 15 15 0 0
12 120 120 130 135 10 20 0 0
13 105 120 130 120 5 0 0 o
14 1o 135 135 130 30 3 5 5
15 100 110 130 130 1n 5 0 0
6 120 135 135 130 15 0 0 0
17 100 110 110 130 5 5 5 0
I8 1o 105 135 125 0 5 0 1]
19 90 100 130 125 IS 25 0 0
20 110 120 125 140 0 10 0 ]
21 120 120 15 15 5 5 0 0
22 % 120 100 110 0 5 5 0
3 130 95 135 140 15 30 i} 0
24 125 125 145 140 p. ¢ 15 0 0
25 120 135 140 135 20 0 0 0
Mean 14 118 129 129 12 1 1 0
P 0.l6 0.649 0.7l 0.24

bilateral simultaneous TKA. At a mean follow-up of 7.4
years, no difference in the clinical outcome was identified
in the two groups, The authors observed the same results in
extended follow-up periods [16]. Woolson and Northrop
[28] compared the results of 57 mobile-bearing prostheses
(LCS rotating-platform, DePuy) and 45 fixed-bearing
prostheses (NexGen PS, Zimmer, Warsaw, IN) for a mean
follow-up of 41 months and found no differences clinically
or radiographically. However, more patients with a mobile-
bearing prosthesis required early revision for failure of
rotating patellar components in two knees and tibial poly-
ethylene spinout in one knee. Bhan et al. [4] compared the
results of a mobile-bearing prosthesis (LCS rowating-plar-
form. DePuy) and fixed-bearing prosthesis (Insall Burstein-
[1, Zimmer) in 32 patients who had bilateral simultaneous
TKA. At a mean follow-up of 6 years, clinical and radio-
graphic results showed no differences between groups.
Two knees with a mobile-bearing prosthesis required a
second operation: one had an early revision because of
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recurrent dislocation of the rotating bearing and another
required conversion to an arhrodesis to treat a deep
infection. Price et al. [22] compared the results of TMK
mobile-bearing (Biomet Merck, Bridgend, UK) and AGC
fixed-bearing (Biomet Merck) TKAs in 40 patients who
had bilateral simultaneous TKA, At | year, the authors
demonstrated a significant clinical advantage for the
mobile-hearing knee. However, at 3 years, there were no
significant differences in clinical outcome between the two
prostheses [1]. Biau et al. [5] reported the 5-year results of
iwo cohorts of 108 posterior-stabilized HLS prostheses
(Hospital Lyon Sud. Tomier SA, Montbonnot, France), one
cohon receiving the mobile-bearing design and the other
receiving the fixed-bearing design. In all of these previous
studies. different types and designs of prostheses were
compared. This may have affected the clinical outcome. In
a receni prospective randomized trigl, Lidermann et al.
[ 18] reported the 7-year results of two groups of 32 knees
that were replaced using either a mobile-bearing or a fixed-
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bearing variant of the same posterior-stabilized total knee
prostheses (PFC Sigma) as was used in this study. Two
knees with a mobile-bearing design required reoperation:
one for persistent joint stiffness and another o treat septic

loosening. however, no significant differences were

365

demonstrated with respect to the clinical and radiographic
results between groups. To our knowledge., only two
studies have compared the same femoral component design

of a mobile-bearing

prosthesis in one knee with a fixed-

-

bearing prosthesis in the other [ 15, 23] In a case-control
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study. Ranawat et al. [23] compared the mobile-beanng
rotating-platform TKA (PFC Sigma RP) to the fixed-
bearing version of the same PFC Sigma design previously
implanted in the opposite knee in 26 patients. All implants
were posterior stabilized. At an average follow-up time of
16 months for the mobile-bearing side and 46 months for
the fixed-bearing side, no significant differences were
found in terms of clinical and radiographic results. Kim
et al, [15] compared the results of 2 mobile-bearing PFC
Sigma RP and a fixed-bearing PFC Sigma in 174 patients
who had bilateral simultaneous TKA. All implants used a
posterior cruciate-retaining design, At un average follow-
up time of 5.6 years, the authors could not demonstrate any
significant ¢linical advantage for the mobile-bearing TKA.

In terms of preference for the type of prosthesis, Price
et al. [22] demonstrated that two of three patients who
expressed a preference favored the mobile-bearing knee.
Kim et al, [16] reported that 85% of patients expressed no
preference for either knee. Our questionnaire also revealed
no tendency for a preference between a mobile-bearing or
fixed-bearing TKA.

No osteolysis was found in either group in the present
study, and Callaghan et al. [7] reported no knee was revised
because of loosening. osteolysis, or polyethylene wear at a
minimum follow-up of 15 years for a mobile-bearing TKA.
However, the prevalence of osteolysis in failed TKA was
reported to be significantly higher in the mobile-bearing
TKA (47%) than in the fixed-bearing TKA (13%) [11].
Huang et al. [12] showed that the mobile-bearing knees
(LCS, DePuy) produced smaller particulate debris and
more granular debris. Minoda et al. [20] compared the size,
shape, and number of polyethylene wear particles found in
synovial fluids of patients | year after implantation of well-
functioning mobile-bearing and fixed-bearing total knee
prostheses with a posterior-stabilized design and found no
differences in these parameters between groups. These in
vivo studies did not confirm the theoretical advantages of a
mobile-bearing TKA. Recently, Ho et al. [10] examined
wom tibial insens, including mobile-beaning rotating-
platfform posterior cruciate-sacrificing dished prostheses
(LCS, DePuy) and fixed-bearing posterior cruciate-retain-
ing flat prostheses (Miller-Galante 1, Zimmer), which were
retrieved at revision surgery with an average implantation
time of 115 months. Low-grade wear was more common in
mobile-bearing knees, whereas high-grade wear was more
common in fixed-bearing knees. The authors stated that
mobile-bearing designs reduced the incidence of rotational
asymmetric wear because of facilitation of movement of
the insert relative to the tray when the knee rotates. The
follow-up period in our study was not sufficient to evaluate
the reduction of polyethylene wear as well as implant
loosening. The other limitations of the study were the small
sample size and particular type of population, including

@ Springer

light mean weight (56.8 kg) and good preoperative mean
range of movement (114°=118° of flexion).

After mobile-bearing TKA, dislocation or spinout can
oceur as a result of excessive rotation of the polyethylene
bearing accompanied by translation of the femur on the
tibia {2, 3, 9, 24, 25]. Although bearing dislocation is an
unusual complication, it is the most imponant potential
early complication. The reported incidence of polyethylene
dislocation ranges from 0 to 93% |4, 12, 23, 26 The
causes of dislocation after TKA are multifactorial,
including component malposition, prosthesis  design,
extensor mechanism  dysfunction, hamstring  spasm,
extensive posterolateral release, and increased flexion
laxity [3, 9, 24-26]. Many surgeons feel that the use of an
unconstrained mobile-bearing TKA may be contraindicated
in cases of severe varus and valgus deformity because of
the difficulty in ligament balancing and the requirement for
extensive soft tissue release; however, the degree of
deformity that can be treated with mobile-bearing knees is
unclear [5, 27].

Conclusion

Although it is difficalt to draw valid conclusions from our
small study and long-term resulis from our patients are
required to provide useful information, early results indicate
no significant differences in the clinical and radiographic
findings between mobile-bearing and fixed-bearing poster-
ior-stabilized TKAs using the same design of femoral
component in the same patients. Satisfactory early results
can be achieved in both prostheses. We could not demon-
strate an early advantuge for 1 mobile-bearing knee and our
hypothesis was verified.
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Thrombin-Cleaved Osteopontin in Synovial Fluid of
Subjects with Rheumatoid Arthritis

MASAHIRO HASEGAWA, YUTAKA NAKOSHI, TAKAHIRO TINO, AKIHIRO SUDO. TATSUYA SEGAWA,
MASAHIRO MAEDA. TOSHIMICHI YOSHIDA, and ATSUMASA UCHIDA

ABSTRACT. Objective. Osteopontin (OPN) ts an extracellular matrix glycoprolem that has been recognized as a

potential inflammatory cytokine. ‘The function of OPN is modulated by protease digestion, and a
thrombin-cleaved form of OPN is involved in the pathogenesis of various inflammatory disorders.
We exammuned thrombin-ck | OPN products in synovial fluid from patients with rheumaioid
arthritis (RA) and nsteoarthnitis (OA).

Methods, Synovial fluid samples were obtained from knees of 20 patients with RA and 111 patients
with OA, Thrombin-cleaved OPN product was determined using Western blotting. Levels of throm-
bin-cleaved and full-length OPN in synovial fluid were determined by ELISA. Synovia were ana-
lyzed by immunohistochemistry using an antibody specific to the thrombin-cleaved form.

Results, inmunobloting showed the presence of thrombin-cleaved OPN in synovial fluid from
patients with RA and OA. ELISA results showed no difference berween concentrations of rulH:nsth
OPN in the synovial fluid of RA and OA patients; however. thrombin-cleaved OPN cong

in RA synovial fluid samples were roughly 30-fold higher compared with OA samples (p < 0.001).
Synovial fluid concentrations of thrombin-cleaved OPN in RA did not correlate with C-reactive pro-
tein levels. Immunohistochemistry of the synoviom showed stronger reactivity in KA than in OA
samples

Conclusion. Local generation of thrombin-cleaved OPN was increased in RA joints. Thrombin-
cleaved OPN may be a useful biochemical marker of RA. (First Release Jan 15 2009: J Rheumatol

2009:36:240-5; doi: 10.3899jrheum. 080753)

Key Indexing lerms;
OSTEOPONTIN
RHEUMATOLD ARTHRITIS

Rheumatoid arthritis (RA) is a chronic inflammatory disease
characterized by pathologic changes in joints, including syn-
ovitis, cartilage degradation, subchondral bone erosion, and
alterations in cellular immune responses. Proinflammatory
cytokines, including interleukin 18 (IL-18), IL-6, and tumor
necrosis factor- (INF-ax), which are produced mainly by
macrophages, are involved in the development of synovitis'*,

Recent studies have shown that osteopontin (OPN), an
extracellular matrix glycoprotein, is a potential inflammato-
ry eytokine®® and modulates a variety of pathological con-
ditions’®. OPN is also expressed in synovial tissue and car-
tilage from patients with RA and osteoarthritis (OA)*!",

SYNOVIAL FLUID
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suggesting an involvement in the pathogenesis of inflamma-
tory arthritis!!.

OPN is a highly phosphorylated and sulfated glycopro-
tein, with a molecular weight of roughly 32 kDa. Variable
sizes up to 75 kDa have been reported’, It is expressed in
bone-forming cells, as well as in mesenchymal cells from
the uterus, placenta, kidney. and nervous system'?. During
inflammation and wound-healing. OPN is also expressed by
cells related to both innate and adaptive immunity, such as
activated T lymphocytes. macrophages. and resident fibrob-
lasts>*, OPN contains several cell adhesive domains.
including an arginine-glycine-aspantate (RGD)-containing
domain that interacts with cell-surface integrins a b, a b,
and a B Proteolytic modification of OPN by thrombin
cleavage reveals cryptic binding sites for a8, and a8, inte-
grins, preferentially expressed by neutrophils and by mono-
cytes and lymphocytes, respectively® 43 The newly
exposed binding sites within OPN, SVVYGLR in humans
andd SLAYGLR in mice and rats, promote adhesion and
mmmdhukucyl&smdmtphﬂslhmuﬂnbmalm-
native sites in an RGD-independent manner™'* (Figure 1).
The presence of the thrombin-cleaved form of OPN is well
comelated with various inflammatory disease activities'.

In terms of RA pathogenesis, inflammatory cells such as

~——————{ Personal non-commercial use only_The Journal of Rheumalology Copyright © 2009 All AgNIs reserVed. |
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Figure 1. Stucture of mouse OPN as described. The position of the RGD domain and the thrombin cleavage site at p

168R/S 169 are indicated ™", Epitopes for antibodies used in this study are also indicated.

macrophages. neatrophils, and lymphocytes are infilurated
into the diseased synovium. Moreover, activation of the
coagulation cascade in RA synovial fluid, resulting in
increased thrombin activity, has been found!, Tt is conceiv-
able that the thrombin-cleaved form of OPN participates in
the development of arthritis'®. The purpose of our cross-sec-
tional study was to quantify this form of OPN in synovial
fluid from patients with RA and OA and to compare these
levels between diseases.

MATERIALS AND METHODS

Parients and samples. All patients with RA had knee jomt anthritis and ful-
filled the revised criteria for RA of the American College of Rheumatology
(ACR)'. All patients with OA fulfilled the ACR clinical and radiological
d:nymstu‘ﬂiltrilm'" "llnn! tples were obtained at the time of
surgery or befi icular | of hyal acid from 20 patients
with RA and Ill plutnu with OA. Syminl fMuid was centrifuged at
15,000 x g for 15 min, and the supematants were stored at ~80°C antil
analyzed.

The group with RA consisted of 16 women and 4 men with a mean age
of 66.9 years and a maan body mass index (BMI) of 22.5 kg/m®. The group
with OA consisted of 78 women and 33 men with a mean age of 72.9 years
and mean BMI of 23.6 ke/m. Synovial membrane samples were obtained
al the time of surgery from 7 patients with RA and 2 with OA of the knee.
Cogeactive protein (CRP) and matrix metalloproteinase-3 (MMP-3) were
measured in sera as a marker of inflammation. All patients gave informed
consent, and the study was approved by the local ethics commitiee.
Western blot analvsis. Immmbkmmdsymwalﬂﬁdmmwmm
e the p of the N 1 half of thromban-cl
(wxh-mmtmdmmmmammmzn
patients, and one control patient with a meniscus tear. From each synovial
fluid sample, 0,15 ml was diluted twice with phosphate buffered saline
(PBS), added to 2 pl of DEAE Sepharose Fast Flow (GE Healtheare UK
L, Buckinghamshite, UK), mized for 20 nun &t room temperature.
washed 5 times with PBS, then ehuted with 1.0 ml of 0.7 M NaCl in PBS,
The eluates were diluted twice with 2x sodium dodecyl sulfate (SDS)
buffer (4% SDS. 20% glycerol, 125 mM Tris HC1 (pH 6.8), 10% 2-mer-
capioethanol], boiled, and applied on Western blotting with horseradish
peroxidase-lsbeled anti-human OPN (0O- l?lrabbﬂ[gﬁﬁi: (IBL. (kmmt.
Japan). Amtibody (C-17) is raised against synitheti
muummlmmormcm("wvx\mmssmuﬁ;m
can bind both non-thrombin-cleaved OPN (full-length) and OPN N-half®!
(Figure 1).

Engyme linked immunosorbens ossey. An ELISA (IBL) was applied to
quantify the levels of non-thrombin-cleaved OPN (OPN full-length) and

OPN Nehalf. For the OPN Nohalf FLISA, Immuno Module Plates (Nalge
Nune, Rochester, NY, USA) were coated with anti-OPN N-half (ME3)
motise mopoclonal antibody Gin 0.1 M cabonate buffer, pH 9.5) s 4°C
overnight. then blocked with 1% bovine serum albumin in PBS containmg
0,055 NaN; st 4°C ovemnight The mouse monaclonal antibody (34E3)
specifically reacts 10 SLAYGLR and SVVYGLR. exposed by thrombin
cleavage of mouse and human OPN, respectively. The OPN N-half ELISA
system does not recognize full-length OPN and detects OPN aftcr theonibin
cleavage?! (Figure 1) Sample and 1 pr were dilmed with 1%
BSA, 0,05% Tween 20 in PBS, added 10 cach well, and incubated a1 37°C
for | h. After 7 washes with washing buffer (0.05% Tween 20 in phosphate
buifer), 100 pl of horseradish peroxidase (HRP)-labeled anti-human OPN
(03-17) rabbit polyclonal antibody was added to each well and incubated for
30 min at 4°C. After 9 washes with washing buffer, 100 pl of tetramethyl
benzidine buffer as a substrate was added to cach well and incubated for 30
min al room temperature in the dark. Color development was stopped by
addition of 100 i of stop solution (1 N H,8C), ). Optic density of each sam-
ple was measured at 450 nm.

To quantify the levels of non-thrombin-cléaved OPN (OPN full-length),
the human osteopontin assay kit (TBL) was used with 2 antibodies (0-17
and 10A16). A mouse monoclonal antibody (10A16) is raised agamst syn-
thetic peptides 1o the intermal sesuence of human OPN
{"KSRSFQVSDEQYPDATDE' ™) and can bind to OPN full-length but
not OPN N-half (Figure 1),

The percentage of N-half was cxpressed as a percentage (OPN N-half
divided by all OPN (OPN Nohalf plus OPN full-length).
Immunohistockemistry. Expression of thrombin-cleaved OPN m synovial
mmmmwwumwmwmmmwwm
Biotin compl ial membwane samples were fined in 10%
hﬂwdrwmﬂm.mmm-\dmml—mwkmm
Aﬂadepulﬂhjmmwimxykmndtdtymmmuyramd
graded eth wore d in 10 mM citrate
m«;ua&mamwmnmsnmwmmmsm
were treated with superblock sol (Scytek Lat Logan, UT,
USADL After washing, sections were incubated in 0.3% H,0O, in methanol
for 15 min to block endogenous peroxidase activity, blocked with 2%
bovine serum albumin, and incubated with the primary antibody [anti-OPN
N-half (MEY mouse monoclonal antibody] overnight at 4°C. Sections
were washed with PBS and d with the s y antibody (bioti
Wmmtm«kﬁmm;fwlhummw Amr

¢, they were incubated with avidi lex for 30 min.
Sccuom were then developed with dl.mﬂmbmzlduo wa!wciwhkmﬂc
substrate solution and counterstamed with hematoxylin.

The results of immunoreactivity for synoviocytes and subintinial lissies
were identified using the point system of Salier™, as follows: For synovio-
cytes, no staining = O points; staining of < 25% of synoviocytes = | point:
staining of 25%-75% of synoviocytes = 2 points; and stining of
> 75% of synoviocytes = 3 points. For subintimal tissues: no staning = 0
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points; focal weak staining of ubintimal tissues = 1 pomt: focal strong
staining of subintimal tissues = 2 points; and extensive strong staining of
subintimal connective tissue = 3 points, The profocol was tested with 3
observers (MH, YN, AS) to standardize the scoring system,
Statistical analysis. The Mann-Whitney U-lest was used 1o determine the
differences between values in RA and OA patients. Correlution anaby ses
were performed for serum biomarker levels of RA, including CRP and
“MI’ 3, and synovial fluid levels of OPN N.half in patients with RA using
s rank 1 test. C© between levels of OPN N-half
and age and BMI were also estimated. P values < 0.05 were considered
significant.

RESULTS

Expression of thrombin-cleaved OPN protein. The antibody
0-17 reacted with full-length and N-half OPN with molecu-
lar weights of 48 kDa and 30 kDa. respectively, in synovial
fluids from patients with OA (Figure 2, lanes 1-3) and RA
(Figure 2, lanes 5, 6). A control sample showed no band
(Figure 2, lane 4), These results showed that all samples of
OA and RA contained full-length OPN, and that the levels
of N-hall OPN were considerably elevated in patients with
RA (Figure 2, lanes 5, 6). although faint bands were rarely
detected in OA samples (Figure 2, lane 1).

Concentrations of full-length and thrombin-cleaved OFPN in
synovial fluid. ELISA results showed a tendency for higher
levels of full-length OPN in synovial fluid from RA over OA
samples, but differences were not significant. In contrast, N-
half OPN levels in synovial fuid of RA samples (median
0.376 nM) were roughly 30-fold higher (p < 0.001) com-
pared with OA samples (median 0.013 nM). In addition,
percentage of N-half was significantly higher in RA samples
than in OA samples (p < 0.001; Figure 3).

All OA patients had serum CRP levels within the normal
range, whereas patients with RA showed elevated serum
CRP, with mean level of 2.6 yg/ml. However. no significant
correlation was found between serum CRP levels and syn-

123456
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Figure 2. Western blot analyses by HRP-labeled anti-human OPN (O-17)
Fab'. Synovial ffuid results from patients with OA (lanes 1-3), a control
patient (Jane 4), and patients with RA (lanes 3, mmdmm.ssmmlm
from patients with RA ined & iderabl

cleaved OPN.
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Figure 3. Synovial fluid concemrations of OPN full-length (A} and OPN
N-half (B}, and percentage of N-half (C), Lower and upper lines in the box
represent 25th and 75th iles, with the medi ked in the box.
Bars show range of 10th and 90Uy percentiles. *p = 0174, **p < 0001,
sxp < 0.001,
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ovial fluid OPN N-haif levels in patients with RA (r = 0,343,
p = 0L137). The mean serum MMP-3 level in RA patients
was 239 ng/ml. We found no significant correlation between
serum MMP-3 and synovial fTuid levels of OPN N-hall (r =
0497, p=0.116). Similarly. synovial fluid levels of OPN N-
half did not correlate with patient age (r=-0.029, p =0.457)
or BMI (r= 0018, p = 0.858).

Localization of thrombin-cleaved OPN in synovial mem-
brane. Synovial membrane samples showed positive label-
ing of OPN N-half in synovial lining cells and subintimal
tissues in both RA and OA samples (Figure 4). The mean (=
standard deviation) scores for synoviocytes in RA samples
and OA samples were 2.0 = 1.0 and 1.7 = 0.7, respectively,
and immunostaining for OPN N-half in synoviocytes
showed no difference between RA and OA samples (p =
0.539). However, expression of OPN N-half was sironger in
RA subintimal tissues (2.0 = 0.6) compared with OA subin-
timal tissues (1.4 £ 0.5 p = 0.019).,

DISCUSSION

OPN could be involved in arthritis, which is induced by
many proinflammatory cytokines, including 1L-18, IL-6,
and TNF-a, and this protein is produced by macrophages in
response 1o the activation by inflammatory stimuli'?,
Among its multiple properties, OPN, an extracellular matrix
glycoprotein, has been shown o act as a T-helper type 1
immunoregulatory cytokine. and has been implicated in
inflammatory responses through recruitment of inflammato-
ry cells and augmentation of cytokine expression. including
TNF- and integrins'®. OPN plays a pivotal role in the
pathogenesis of RA in the mouse model™. Compared with

Figurr 4. Expression of thrombin-cleaved OPN in synovium. Sy

arthritic wild-type mice, OPN-deficient mice are resistant to
type II collagen-induced arthritls, showing attenuated joint
swelling and canilage destruction, chondrocyie apoptosis.
and synovial angiogenesis'!. Administration of an antibody
directed against the SLAYGLR sequence. exposed by
thrombin cleavage of murine OPN. has been shown to inhib-
it synovitis, bone erosion, and inflammatory cell infiltration
in arthritic joints of animal models's,

The microvascular network of the RA synovium has an
increased permeability to plasma proteins, and morphologi-
cal abnormalities of the microvasculature are well
described™*2%, Inflammatory changes in vessel permeability
and bleeding from fragile capillaries in the hyperplastic syn-
ovium may allow plasma thrombin to enter the joint space.
Vascular endothelial growth factor (VEGF) induces mRNA
expression encoding a B, integrin subunits and OPN, an
@8, ligand, in dermal microvascular endothelial cells™.
Concomitant induction of both the receptor and ligand pro-
motes endothelial cell migration, OPN N-halfl may be
involved in functional changes of microvasculare and
inflammatory cell infiltration. Gattorno, ef a7 reported that
a positive correlation between OPN and VEGF concentra-
tions was found in synovial fluid in juvenile idiopathic
arthritis. In addition, OPN expression in the lining layer cor-
related with the number of wessels presenl in the areas
underlying the sublining layer®’. We need to study morpho-
metric analysis of vessel walls and their expression of VEGF
and cellular infiltration around the vessels. In addition, OPN
is an autocrine/paracrine migratory and adhesive factor for
tissue macrophages™, Macrophages in the synovium show
expression of OPNY, OPN and VEGF are ofien expressed in

ing was found in RA synovium (original magnification «200).
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close proximity to each other during angiogenesis®®¥,
Synovial macrophage-like cells produce thrombin as well as
the components of extrinsic coagulation cascade in situ, pro-
moting activation of coagulation pathways at biologically
meaningful rates. Through its mitogenic effects, thrombin
may elicit a cellular healing response inappropriate to the
chronic inflammatory condition of the rheumatoid joints. It
is capable of both causing the proliferation of synoviocytes
and stimulating angiogenesis! /2%, A study has revealed that
thrombin concentration was higher in synovial fluid of
patients with RA than in patems with OA*. Thromhin
receplor-positive cells were present in theumatoid synovia,
but osteoarthritic and normal synovia contained few cells
expressing thrombin receptors™,

Results of our present immunohistochemical swdy
revealed that thrombin-cleaved OPN is highly expressed in
the rheumatoid synovium at hoth synovial lining cells and
subintimal tissues. Petrow, ef ul” reported a similar expres-
sion pattemn of intact OPN and mRNA by immumochisto-
chemistry using monospecific affinity-purified rabbit anti-
body against human OPN and in situ hybridization, where-
as Ohshima, ef al™® found that the expression was predomi-
nantly in synovial lining cells using a mouse monoclonal
12G anti-human OPN antibody, 4C1. Petrow, er af! showed
no significam differences of OPN levels in synovial Nuid
between patients with RA and those with OA using a human
OPN enzyme immunometric assay kit (Assay Designs, Ann
Arbor, ML, USA). In contrast, Ohshima. er al™* reported that
non-thrombin-cleaved synovial fuid OPN levels of RA
patients were significantly higher than those of OA patients,
They used 2 distinct sandwich ELISA systems, which can
detect only non-thrombin-cleaved OPN and both non-
thrombin-cleaved and thrombin-cleaved OPN. For detecting
only non-thrombin-cleaved OPN, a rabbit polyclonal anti-
human OPN antibody, OPN 1, was used for a coating anti-
hody and a mouse monoclonal anti-human OPN antibody,
OPN 3, was used for a detecting antibody. For detecting
both non-thrombin-cleaved and thrombin-cleaved OPN,
another rabbit polyclonal anti-human OPN antibody, OPN
5, was used for a coating antibody. and OPN 1 was used for
a detecting antibody generated by their laboratory™, One
possible reason for the difference in these results may be the
molecular fragility of OPN., OPN can easily be cleaved into
2 fragments by thrombin, because the thrombin cleavage
site is present in the OPN molecule. We used a novel ELISA
system that we developed?! the system can measure only
thrombin-cleaved OPN directly.

Limitations of our study include the cross-sectional
design of the trial and the small RA patient sample, and lack
of analysis of serum levels of thrombin-cleaved OPN.
However, 1o our knowledge, this is the first report Lo meas-
ure the synovial fluid levels of thrombin-cleaved OPN in RA
directly, and we have demonstrated that levels of thrombin-
cleaved OPN are elevated in RA compared with OA. A

recent siudy demonstrated that neutralizing antibody against
the cryptic epitope of OPN, which is exposed by thrombin
cleavage. could he a future therapeutic choice for patienis
with RA'®,

Our sdy showed that local generation of thrombin-
cleaved OPN was increased during rheumatic disease. indi-
cating that the cleaved form may be a useful biochemical
marker of RA. Further investigations are needed regarding
the relationship between synovial fuid levels of thrombin-
cleaved OPN levels and serum levels of thrombin-cleaved
OPN. as well as progression of RA.
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