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tocols A and C, and imaging protocols B and D, with re-
spect to ACL degenerated group, were not recognized.
Next, we investigated the extent to which histological
changes of the ACL could be discriminated using MRIL.
The MRI and histological findings of the ACL were
compared for 25 knees. Histological examination re-

Table 3 The concordance rate between surgical and MRI findings
of degenerated group (Type II} in RA knees

Imaging protocol

A B C D
Concordance 6 13 5 15
Discordance 13 6 14 4
Concordance rate 6/19 13/19 5/19 15/19

Protocel A vs B: p<0.05; protocol A vs C: not significant; proto-
col C vs D: p<0.01; protocol B vs D: not significant

Table 4 Concordance rate between surgical and MRI findings of
tuptured group (Type III) in RA knees

Imaging protocol

A B C D
Concordance 1 3 2 5
Discordance 6 4 5 2
Concordance rate 1of7 3of7 20f7 50f7

Protocol A vs B: not significant; protocol A vs C: not significant;
protocol C vs D: not significant; protocol B vs D: not significant

Table 5 Concordance rate between surgical and MRI findings of
absent group (Type IV) in RA knees

Imaging protocol

A B C D
Concordance 4 4 4 4
Discordance 0 0 0 0
Concordance rate 4of4 40of4 4 0of 4 4of4

Protocol A vs B: not significant; protocol A vs C: not significant;
protocol C vs D: not significant; protocol B vs D: not significant

vealed 12 as normal group and 13 as degenerated group.
The concordance rate between histological and MRI
findings was 5 of 12 (41.7%) for normal group and 8 of
13 (61.5%) for degenerated group. The concordance rate
between surgical and MRI findings was 6 of 6 (100%)
for normal group and 15 of 19 (78.9%) for degenerated
group. There was a statistically significant difference in
the concordance rates between histological, surgical, and
MRI findings in normal group (p<0.05; Table 6).

Discussion

Under several MR imaging protocols in RA knees, we
investigated the extent to which the pathological state of
the ACL could be accurately ascertained, and sought to
demonstrate the value of Gd-enhanced MRI in evaluat-
ing the ACL in the RA knee. ’
In conventional MRI findings, ligament is visualized
as a low intensity signal on both T1-weighted and T2-
weighted scans. Synovial fluid presents a low-intensity
signal on T1-weighted images and a high-intensity signal
on T2-weighted images. Synovial proliferation is visual-
ized as a low-intensity signal on T1-weighted images and
a high-intensity signal on T2-weighted images [15, 16).
Because synovial fluid accumulation and periligamentous
synovial proliferation are common findings in RA knees,
it is difficult to discriminate between the proliferating sy-
novium, synovial fluid, and the ligament. This problem
can be addressed, however, by the use of Gd-enhanced
MRI, which is superior for visualizing proliferating syno-
vium. Since Gd-DTPA is distributed mainly in the extra-
cellular space soon after intravenous injection and accu-
mulated in regions of vascular permeability [17], it readi-
ly accumulates in the angiogenesis-rich synovial regions
in RA. On T1-weighted images, proliferating synovium is
visualized as a high-intensity signal and synovial fluid as
a lower intensity signal, providing a distinct contrast be-
tween proliferating synovium and synovial fluid, and en-
abling the accurate evaluation of proliferating synovium.
The results of this study suggest that conventional T1-
weighted and T2-weighted sagittal images are useful in
the evaluation of ACL in Type I (normal group) and
Type IV (absent group); however, the concordance rate

Table 6 Concordance rate be-

tween histological, surgical, MRI findings

?: %iﬂ;;grsul:l:?isn%f; L::Zrﬁg_]“ Normal Degenerated Concordance rate (%)

cant Histological findings
Normal 5 7 50f12(41.7) *
Degenerated 5 8 8 of 13 (54.5)

* p<0.0‘_5: conc_ordance rate be- Surgical findings ns.

tween histological, surgical, Normal 6 0 6 of 6 (100)

;‘r‘;’ul;,’““ findings innormal 1y 0 enerated 4 15 15 of 19 (78.9)

—181—



1733

between surgical findings and MRI findings significantly
improved by additional images of protocols B and D
compared with images of protocols A and C in Type II
(degenerated group). In RA knees the difference of con-
trast in ligament and synovium is very important in order
to evaluate the degenerated ACL accurately. One of the
major causes of degenerated ACL is the invasion of in-
flamed synovium into the ACL. Under the imaging pro-
tocols B and D (Gd-enhanced images), the ligament is of
low signal intensity and inflamed proliferative synovium
is of high signal intensity, and the difference of the con-
trast in ligament and synovium is more clearly recog-
nized.

The ACL degeneration may have a significant in-
volvement in joint destruction of the knee; therefore,
evaluating the extent of degeneration of the ACL may
clinically prove important in determining benefits of sy-
novectomy as a treatment option for RA.

This finding suggests that the effect of Gd-DTPA may
be pronounced when evaluating the ACL in the RA knee.

We judged that sagittal images alone do not always
facilitate evaluation of the femoral attachment of the
ACL for patients with severe synovial proliferation at
the femoral attachment. So angled coronal image was
newly determined as coronal image, parallel to the
ACL.But significant differences between sagittal image
and angled coronal image, with respect to overall ACL
group, were not recognized. Our present investigation re-
vealed that using Gd-DTPA enhancement allowed more
accurate evaluation of the ACL in the RA knee.

In this study we investigated whether MRI could de-
scribe the pathological changes of ACL in RA knees.
Only 40% of ACL with normal histological finding
could be judged as normal by MRI. Pronounced periliga-
mentous synovial proliferation was a feature of these
cases, and it was concluded that it might be difficult to
accurately evaluate all the characteristics of the ACL us-
ing MRI. In other words, in RA knees with severe syno-
vial proliferation, it may be difficult to discriminate the
invasive synovium going into the ligament from synovi-
um surrounding the ligament. This may be a limitation of
Gd-enhanced MRI at present.

Conclusion

Our investigation showed that with Gd-DTPA-enhanced
MRI the degree of synovial proliferation around the
ACL and the degree of degeneration of the ACL in the
RA knee can be evaluated more significantly than with
conventional MRI; however, MRI did not enable chang-
es in the properties of the parenchyma of the ligament to
be visualized, Nevertheless, in the clinical setting, the
present imaging technique does allow the ligament to be
evaluated to a certain degree, and may prove useful in
the evaluation of temporal changes in the RA knee, and
thereby, in determining the timing of synovectomy or
other procedures.

References
I. Ishikawa H, Ohne O, Hirchata K 6.

Yamato M, Tamai K, Yamaguchi T,

il. Amett FC, Edworthy SM, Bloch DA et

(1984) An electron microscopic study
of the synovial-bone junction in theu-
matoid arthritis. Rheumatol Int 4:1-8

. Iwata Y, Mort J, Tateishi H, Lee KR
(1997) Macrophage cathepsin L,
a factor in the erosion of subchondral
bone in rheumatoid arthritis. Arthritis
Rheum 40:499-509

. Alexiades M, Scuderi G, Vigorita V,
Scott WN (1989) A histologic study of
the posterior cruciate ligament in the
arthritic knee. Am J Knee Surg
2:153-159

. Hodler 1, Haghighi P, Trudell D,
Resnick D (1992) The cruciate liga-

Ohno W (1993} MRI of the knee in
rheumatoid arthritis: Gd-DTPA perfu-
sion dynamics. J Comput Assist
Tomogr 17:781-785

. Tamai K, Yamato M, Yamaguchi T,

Ohno W (1994) Dynamic magnetic
resonance imaging for the evaluation
of synovitis in patients with rheuma-
toid arthritis. Arthritis Rheum
37:1151-1157

. Bjorkengren AG, Geborek P,

Rydholm U (1992) MR imaging of the
knee in acute rheumnatoid arthritis.
Synovial uptake of gadolinium-DOTA.
Am J Roentgenol 159:569-571

ment of the knee: correlation between 9. Adam G, Dammer M, Bohndorf K
MR appearance and gross and histolog- (1991) Rheumatoid arthritis of the
ic findings in cadaveric specimens, knee. Value of gadopentetate dimeglu-
Am J Reentgenel 159:357-360 mine-enhanced MR imaging. Am J

. Kursunoglu-Brahme $, Riccio T, Roentgenol 156:125-129
Wetsman MH (1990) Rheumatoid 10. Konig H, Sieper J, Wolf KJ (1990)

knee: role of gadopentetate dimeglu-
mine-enhanced MR imaging. Radiolo-
gy 176:831-835

Rheumatoid arthritis. Evaluation of hy-
pervascular and fibrous with dynamic
MR imaging enhanced with Gd-DTPA.
Radiology 176:473-477

—182—

12.

13.

al. (1588) The American Rheumatism
Association 1987 revised criteria for
the classification of rheumatoid arthri-
tis. Arthritis Rheum 33:305-315
Nakanishi K, Horibe 8, Shiozaki Y,
Ishida, T, Narumi Y et al. (1997) MRI
of normal anterior cruciate ligament
{ACL) and reconstructed ACL: com-
parison of when the knee is extended
with when the knee is flexed. Eur
Radiol 7:1020-1024

Nittu M, Ikeda K, Ttay Y (1998)
Slightly flexed knee position within

a standard knee coil: MR delineation
of the anterior cruciate ligament, Eur
Radiol 8:113-115



1734

14, Stabler, Glaser C, Reiser M (2000)

Musculoskeletal MR: knee. Eur Radiol

10:230-241

15. Reiser MF, Bongartz GP, Erlemann R

et al. {1989) Gadolinium-DTPA in
rheumatoid arthritis and related
diseases: first results with dynamic
resonance imaging. Skeletal Radiol
28:591-597

. Damadian R (1971) Tumor detection

by nuclear magnetic resonance. Sci-
ence 171:1151-1153

—183—

17. Higueras Guerrero V, Torregrosa

Andre’s A, Marti-Bonmati L, Casillas
C, Sanfeliu M (1999) Synovialisation
of the torn anterior cruciate ligament of
the knee: comparison between magnet-
ic resonance and arthroscopy. Eur
Radiol 9:1796-1799



Prevention of the Onset and Progression of Collagen-Induced
Arthritis in Rats by the Potent p38 Mitogen-Activated Protein Kinase
Inhibitor FR167653

MASATAKA NISHIKAWA, AKIRA MYOUI, TETSUYA TOMITA, KOICHIRO TAKAHI,
AKIHIDE NAMPE!, AND HIDEKI YOSHIKAWA

Reprinted from Arthritis & Rheumatism, Vol. 48, No. 9, 2003

—184—



ARTHRITIS & RHEUMATISM

Vol. 48, No. 9, Scplember 2003, pp 267U-2681
DO1 10.1002/ar1.11227

© 2003, American College of Rheumatology

Prevention of the Onset and Progression of
Collagen-Induced Arthritis in Rats by the
Potent p38 Mitogen-Activated Protein Kinase Inhibitor FR167653

Masataka Nishikawa, Akira Myoui, Tetsuya Tomita, Koichiro Takahi, Akihidec Nampei,
and Hideki Yoshikawa

Objective. FR167653 is a potent inhibitor of p38
mitogen-activated protein kinase (MAPK) and inhibits
tumor necrosis factor & (TNFa) and interleukin-18
(IL-1B) production in inflammatory cells. In this study
we investigated the effect of FR167653 on collagen-
induced arthritis (CIA).

Methods. Rats with CIA were subcutaneously
injected with FR167653 (32 mg/kg/day) starting on the
day of the hooster injection (day 7) in the prophylactic
treatment group and after the onset of arthritis (day 21)
in the therapeutic treatment group. Hind-paw swelling,
body weight, radiographic and histologic scores, and
osteoclast number were evaluated. Cytokine levels in the
serum and tissue were assessed by enzyme-linked im-
munosorbent assays. Flow cytometric analysis of T
lymphocytes from bone marrow was performed. The
effect of FR167653 on in vitro osteoclast formation
induced by soluble receptor activator of nuclear factor
xB ligand (sRANKIL) and TNF« was examined.

Results. Swelling of hind paws and loss of weight
occurred in the CIA rats, but this was not evident in the
prophylactic treatment group. Therapeutic treatment
also significantly reduced paw swelling. The mean ra-
diographic and histologic scores as well as the osteoclast
rumbers were significantly lower in the treatment group
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than in the CIA rats without treatment. FR167653
treatment reduced the serum levels of TNFa and IL-18,
lowered the IL-1 concentration in the ankle joints, and
decreased the CD4—-,CD8a+ T cell population in hone
marrow. Furthermore, FR167653 inhibited the
osteoclast-like cell differentiation induced by both
SRANKL and TNFe in vitro.

Conclusion. FR167653 prevents the onset of ar-
thritis in a prophylactic treatment model and sup-
presses the progression of joint destruction in a thera-
peutic treatment model, suggesting that p38 MAPK is a
potential therapeutic target for rheumatoid arthridis,

Rheumatoid arthritis (RA) is characterized as a
chronic and progressive inflammalory process that leads
Lo systemic immunologic abnormalities of Lhe joints {1).
It has been suggested that proinflammatory cytokines
such as tumor necrosis factor « (TNFe), interleukin-18
(IL-18), IL-6, and IL-8, which are linked in a cascade,
are important in the etiology of RA (2-5). Histopatho-
logic characterization of bone erosions in patients with
RA and in animal models of inflammatory arthritis has
provided strong evidence that osteoclasts play an impor-
tant role in focal, marginal, and subchondral bone loss in
inflammalory arthritis {6). Recently, the roles of recep-
tor activator of nuclear factor «B ligand (RANKL), a
central regulator of osteoclast recruitment and activa-
tion, and TNFe« have been shown to be crucial in the
pathogenesis of rheumatoid joint destruction (7-11).

Although no conventional medications effectively
suppress such joint destruction, TNFa blockers (soluble
TNFa receptor fusion protein and TNFa blocking anti-
body), IL-1 blockers (soluble 1L-1 receptor and IL-1
receplor anlagonist), and monoclonal antibodics that
neutralize I1L-6 have all successfully decreased the inten-
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sity of synovitis and prevented or retarded the progres-
sion of cartilage destruction, both in experimental mod-
els and in human trials (12-26). However, these protein
products are limited, due to host immune response,
rebound of symptoms, a short half-life, and cost (27-29).

FR167653 was first discovered as a potent inhibitor
of TNFa and IL-18 production in lipopolysaccharide-
stimulated human monocytes and phytchemagglutinin-M-
stimulated human lymphocytes (30,31). FR167653 inhib-
its the activation of p38 mitogen-activated protein kinase
(MAPK) by suppressing the phosphorylation of p38
MAPK, preferentially in the « isoform, but not in the vy
isoform (32-34). In addition, p38 MAPK is involved in
production of IL-6 and IL-8 induced by TNFa and 1L-18
(1,35).

Collagen-induced arthritis (CIA) is a widely used
experimental mode! of polyarthritis that has many his-
topathologic features in common with RA. TNFe, IL-
183, 1L-6, and IL-8 also play an important role in the
pathogenesis of CIA (5,36-39). In this study we subcu-
taneously injected FR167653 into rats with CIA. This
study is the first to demonstrate that this p38 MAPK
inhibitor effectively prevents the onset and progression
of CIA in rats.

MATERIALS AND METHODS.

Materials, FR167653 (Figure 1} was kindly provided
by Fujisawa Pharmaceutical (Osaka, Japan). Lewis rats were
purchased from Clea Japan (Tokyo, Japan). We used 77 rats in
this study, all of which were included in 7 in vivo experiments.
Bovine type II collagen was purchased from Cosmo Bio
(Tokyo, Japan), and Freund’s incomplete adjuvant was pur-
chased from Difco (Detroit, MI).

Induction of CIA in rats. CIA was induced using the
modified method described by Trentham ct al (40). Briefly,
6-week-old female Lewis rats were immunized intradermally
with 1.5 mg of bovine type II collagen, which was dissolved in
0.5 m! of 0.1M acetic acid at 4°C and emulsified in 0.5 ml of
cold Freund's incomplete adjuvant. On day 7, the rats received
an intradermal booster injection of half the volume of the first
immunization (41). Onset of arthritis in the ankle joints could
usually be visually recognized between days 1§ and 21.

Experimental protocol. To investigate whether
FR167653 prevents arthritis and suppresses joint destruction in
vivo, we developed 2 experimental protocols. In the prophy-
lactic treatment model, 8 rats with CIA were subculancously
injected with 32 mg/kg of FR167653 in sterilized water
(FR167653-treated rats in the prophylactic treatment model;
FR167653-P rais) every day starting on the day of the collagen
booster injection (day 7). Four normal rats (normal rats in the
prophylactic treatment model; normal-P rats) and 6 rats with
CIA (untreated CIA rats in the prophylactic treatment model;
CIA-T rats) were used as controls. All rats in the prophylactic
treatment model were killed on day 35.

2671

Figure 1. Chemical structure of 1-(7-(4-fluorophenyl}-1,2,3.4-
tetrahydro-8-(4-pyridyl}pyrazelo(5.1-¢){1,2,4)triazin-2-yl)-2-
phenylethanedione sulfate monchydrate, or FR167653, a p38 mitogen-
aclivaled protein kinasc inhibitor. '

In the therapeutic treatment model, 7 rats with CIA
were subcutaneously injected with 32 mg/hkg of FR167653
(FR167653-treated rats in the therapeutic model; FR167653-T
rats) cvery day after the onsct of arthritis {(day 21). Seven rals
with CIA {untreated CIA rats in the therapeutic model; CIA-T
rats} and 7 normal rats (normal rats in the therapcutic model,
normal-T rats) were used as controls. All rats in the therapeu-
tic treatment group were killed on day 49.

Swelling in the hind paws was measured every 7 days
using a plethysmometer (model TK-101 CMP; UNICCM,
Chiba, Japan). The body weight of rats was also measured
every 7 days. All procedures complied with the standards
described in the Osaka University Medical School Guidelines
for the Care and Use of Laboratory Animals.

Radiologic and histologic studies. At the end of the
experiments {day 35 and day 49), the hind paws of rats were
imaged on high-speed radiographic film (Fuji Photo Film,
Tokyo, Japan), using the MX-20 Specimen Radiography sys-
tem (Faxitron X-ray, Wheeling, IL}. Radiographic scoring
criteria were assessed according 1o the method reported pre-
viously (42), on the following scale: @ = no bone damage, 1 =
tissue swelling and edema, 2 = joint erosion, and 3 = bone
erosion and osteophyte formation. The ankle joints were fixed
in 4% paraformaldehyde, decalcified with EDTA, and embed-
ded in paraffin; 4-um sections were prepared. The extent of
arthritis was assessed according to the method reported previ-
ously (43), on sections stained with hematoxylin and cosin,
using the following scale: 0 = normal synovium, 1 = synovial
membrane hypertrophy and cell infilirates, 2 = pannus and
cartilage erosion, 3 = major erosion of cartilage and subchon-
dral bone, and 4 = loss of joint integrily and ankylosis. The
assessment was performed by 2 of the authors (AM and TT),
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Figure 2. Clinical findings in rals with collagen-induced arthritis (CLA), showing the prophylactic eflect (A and
B} and therapeutic effect (C and D} of FR167653. A, Maximum paw swelling was observed on day 21 in untreated
CIA rats (CIA-P; n = 6), but no increase in paw volume over time was found in CLA rats ireated prophylactically
withFR167653 (FR167653-P; n = B). B, An apparent weight loss was seen on day 27 in CTA-P rats compared with
FR167653-P rats and normal rats in the prophylactic treatment modet {normal-P; n = 4}. The weight toss in
CIA-P rats continued through day 35. C, Paw swclling in rats trcated therapeutically with FRIG7653
{FR167653-T; n = 7) was significantly less than in untreated CIA rats (CIA-T; n = 7). D, There was no significant
weight difference between FR167653-T and CIA-T rats during the entire study period, except for a single time
point that showed a marginal difference (day 35). Normal-T = normal rats in the therapeutic treatment maodel
{n = 7). Bars show the mean = 8D, » = P < 005 #= = P < 0.01; # = P < 0.0001, versus CIA rats withoul

treatment.

who were blinded to the identity of the specimens, and the
average of the 2 scores was used.

To investigate the in vivo activity of osteoclastic bone
resorption, sections were stained with a tartrate-resistant acid
phosphate (TRAP) staining kit (Hokudo, Sapporo, Japan).
The number of osteoclasts, or TRAP-positive multinucleated
cells containing 3 or more nuclei, was counted in 10 areas of
each ankle (at 200x magnification).

Cytokine level in peripheral blood serum and ankle
joints, Peripheral blood samples were collected from rats in
the prophylactic model (normal-P, FR167653-P, and CIA-P
rais} on day 35. Ankle joints and surrounding tissue (~500 mg,
excluding skin) were isolated on day 21 and homogenized wilh
700 ul of phosphate buffered saline (PBS). After centrifuga-
tion, the supernatant was collected from the ankles. The levels
of TNFu and TL-18 in the serum and ankle samples were
measured with commercial enzyme-linked immunosorbent as-
say (ELISA) kits (Biosource International, Camarillo, CA). In
addition, 10 investigate whether a humoral response to type I1

collagen was altered by FR167653 treatment, we also mea-
surcd serum levels of interleron-y (IFNy) and IL-4 using Lhe
ELISA kit (Biosource International) in the prophylactic treat-
ment model on day 21. The cytokine concentration in serum
and ankle joints was expressed in pg/ml of serum and pg/mg of
ankle tissue, respectively. The detection limits of the assay
were 15.6 pg/ml for TNFe, 31.2 pg/ml for TL-18, 21.8 pg/ml for
IFNvy, and 7.8 pg/ml for IL-4,

Flow cytometric analysis of bone marrow cclls. The
effect of FR167653 on the T lymphocyie population was
analyzed with bone marrow cells prepared from femurs of rats
in the prophylactic treatment mode! (normal-P, FR167653-P,
and CIA-P rats). Cells were collecied on day 21 by flushing the
bone marrow cavity with minimum essential medium, alpha
modification (e-MEM,; Invitrogen, Grand Island, NY). After
lysing erylhrocytes with a lysing buffer (10 mM Tris HCl, pH
7.4, 0.83% ammonium chloride), cells were suspended to a
concentration of 10% eclls/ml in PBS containing 0.1% bovine
serum albumin. Then, 100 ul of this cell suspension was
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Figure 3. Gross appearance (A, C, and E) and macroradiographs (B, D, and F) of ral hind paws in the
prophylactic treatment model. Severe paw swelling, bone malrix resorption, and erosion were scen in
collagen-induced arthritis (CLA) rals (A and B), suggesting the presence of active arthritis and joint destruction.
When FR167653 was administered prophylactically to CIA rats, those arthritic changes were absent (C and 1),
Neither paw swelling nor joint damage were seen in normal rats (E and F).

exposed to Fc Block (BD PharMingen, San Diego, CA) at 4°C
for 5 minutes and stained with fluorescein-conjupated anti-
CD4 antibody and phycoerythrin-conjugated anti-CD8a anti-
body (BD PharMingen) at 4°C for 30 minutes. Two-color flow
cytometry was performed using a FACScan (Becton Dickin-
son, Mountain View, CA) equipped with an argon laser at 488
nm. All specimens were analyzed on the day of collection. To
exclude debris or dead cells, the cells were gated on the basis
of forward and right angle scatter. Each test used 20,000 cells,
and the number of positive cells was expressed as a percentage
of the total cell count.

Osteoclast differentiation assay. In vitro osteoclast
differentiation induced by macrophage colony-stimulating fac-
tor (M-CSF) and soluble RANKL (sRANKL) or TNFa was
analyzed using the modified method described by Takeshita el
al (44) to investigale the effect of FR167653 on osteoclast
formation, After climination of erythracytes, hone marrow
cells prepared from femurs of 5-week-old female Lewis rats
were seeded at 5 X 10° cells per 10-cm petri dish and cullured
in a-MEM containing 10% fetal bovine serum (TRACE
Scientific, Melbourne, Australia), 1% penicillin/streptomycin

(Invitrogen), and 100 ng/m! recombinant human M-CSF
(PeproTech EC, London, UK). After 6 days, cells were
trypsinized and reseeded at 1 X 10 cells/well in 48-well cutture
plates in the presence or absence of 100 ng/ml M-CSF, 100
ng/ml recombinant human sRANKL (PeproTech EC), and
FR167653, and cultivated for an additional 6 days. Then, cells
were washed and stained with the TRAP staining kit.

An in vitro osteoclast formation assay induced by
M-CSF and 100 ng/m! murine TNFa (R&D Systems, Minne-
apolis, MN) was also performed by replacing sSRANKL wilh
TNFa in the presence of 200 ng/m! recombinant human
osteoprotegerin (Wako Pure Chemical, Osaka, Japan), an
endogenous inhibitor of RANKL. Osteoclast-like TRAP-
positive multinucleated cells containing 3 or more nuclei were
counted. In addition, calcified matrix resorption activity of the
osteoclast-like cells was tested using BD BioCoat osteologic
calcium hydroxyapatite—coaled slides (BD Biosciences, Bed-
ford, MA). At the end of osteoclast formation culture, cells
were remaoved by vigorous washing, and microphotographs (at
100x magnification) of 4 randomly selected fields were taken.
The total resorption area on the photographs was calculated by
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Figure 4. Histologic analysis in the prophylactic treatment model. Histologic features of ankle joints (stained
with hernatoxylin and cosin in A-C; stained with tartrate-resistant acid phosphate [TRAP] in D=F) on day 35 in
rals in the prophylactic treatment model. A, Rats with collagen-induced arthritis (CIA) showed marked
infiltration of neutrophils and lymphocytes, with disruption and loss of articular cartilage. B, FR167653
prophylactically treated CLA rats showed almost intacl articular cartilage and subchondral bone. C, Normal rats
showed normal articular cartilage and abscnce of infiltrate in the synovium. D, CIA rats showed active
periarticular bone resorption with marked infiliration of TRAP-posilive osleoclasts. E, TRAP-posilive multinu-
clear cell formation was almost completely abolished in FR167653 prophylactically treated CIA rats. F, Normal
rats showed few TRAP-positive multinuclear cells. (Original magnification X 40.)

using image analysis software, Mac scope version 2.51 (Mitani,
Fukui, Japan).

Statistical analysis. Statistical analysis was performed
using the unpaired 1 icst, Mann-Whitney U test, and analysis of
variance with Fisher's protected least significant difference
test. Analyses were carried out with STATVIEW, version 4.5
software (SAS Institute, Cary, NC). The statistical significance
level was set at a P value of .05, i

RESULTS

Effect of prophylactic treatment with FR167653
in CIA rats. In the FR167653 prophylactic treatment
model, CIA-P rats had maximum paw swelling (mean
hind paw volume 2.22 cm®) by day 21, which gradually
reduced after day 21. Most FR167653-P rats showed no
paw swelling (mean 1.42 cm®) on day 21. From day 21 to
day 35, the paw volume of the FR167653-P rats was
significantly reduced compared with that of the CIA-P
rats (P < 0.0001) (Figure 2A). The average weight of
CIA-P rats on day 21 (142.8 gm) was reduced compared
with that of FR167653-P rats (161.1 gm) (P = 0.0087).
This difference in weight continued through day 35
(CIA-P rats 149.0 gm versus FR167653-P rats 174.1 gm;
P < 0.0039) (Figure 2B).

Radiographic examination of the hind paws of
CIA rats revealed severe bone matrix resorption and
erosion that suggested active arthritis and joint destrue-
tion. Histologically, CIA rats had severe infiliration of
neutrophils, lymphocytes, and TRAP-positive oste-
oclasts, with disruption and loss of articular cartilage. In
the rats prophylactically treated with FR167653 before
the onset of arthritis, those radiographic and histologic
findings were markedly improved (Figures 3 and 4). The

Table 1. Radiographic score, histologic score, and osteoclast number
in the collagen-induced arthritis (CIA) prophylactic treatment model®

No. of Radiographic Ilistologic  Ostcoctast
Group joints score 5COTE number
FR167653-Prals 16 0307t 10=x08t 209=x387¢4
CIA-P rats 12 30 =00 312+05 1075550
Normal-P rats 8 0000t 0.0=00§ 18x22¢

* Except where otherwise indicated, values are the mean = SD.
FR167653-P = CIA rats treated prophylactically with FR167653;
CIA-P = untreated CIA rats in the prophylactic model;, normal-P =
normal rats in the prophylactic model.

t P < 0.0001 versus CIA-P rats.

$ P < 0.01 versus CIA-P rats,

§ P = 0.0001 versus CLA-P rats.
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Figure 5. Gross appearance (A, C, and E} and macroradiographs (B, D, and F} of rat hind paws in the
therapeutic treatment model. Severe paw swelling, bone matrix resorption, and erosion were seen in collagen-
induced arthritis {CIA) rals (A and B), suggesting the presence of aclive artbrilis and joint destruction, When
FR167653 was administered therapeutically to rats after the onset of arthritis (C and D), those arthritic changes
were markedly reduced. Neither paw swelling nor joint damage were seen in normal rats (E and F).

mean radiographic score of 3.0 in CIA-P rats was
significantly higher than the mean score of 0.3 in
FR167653-P rats and 0.0 in normal-P rats (both P <
0.0001 versus CIA-P rats). The mean histologic score of
1.0 in FR167653-P rats was significantly reduced (P <
0.0001) compared with the mean score of 3.2 in CIA-P
rats. The number of osteoclasts around the ankle
joints was significantly fewer in FR167653-P rats (mean
20.9} than in CIA-P rats (mean 107.5} (P = 0.0002)
(Table 1).

Effect of therapeutic treatment with FR167653 in
CIA rats. Although the treatment in the therapeutic
mode! was started after the onset of arthritis,
FR167653-T rats had significantly reduced paw swelling
(1.73 cm® at day 28 and 1.59 cm® at day 35) compared

with CIA-T rats (2.05 cm® at day 28 [P = 0.0015] and
1.96 em® at day 35 [P < 0.0001]} (Figure 2C). However,
there was no statistically significant difference in weight
between the FR167653-T rats and CIA-T rats, except at
the day 35 time point, which showed a marginal differ-
ence (P = 0.042) (Figure 2D).

The radiographic severity of joint destruction and
histologic findings of abnormalities in the ankle joints of
FR167653-T rats were markedly reduced when com-
pared with those in the CIA-T rats (Figures 5 and 6).
The mean radiographic and histologic scares in CTA-T
rats (2.9 and 3.3, respectively} were significantly higher
than those in FR167653-T rats (1.3 and 1.2, respectively)
and normal-T rats (0.0 for both) (P < 0.0001). The
number of osleoclasts around the ankle joints was
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Figure 6. Histologic analysis in the therapeutic treatment model. Histologic [eatures of ankle joints (stained with
hematoxylin and cosin in A-C; stained with tartrate-resistant acid phosphate [TRAP] in D-F} on day 49 in rats
in the therapeutic treaiment model. A, Rats with collagen-induced arthritis (CLA) showed marked infiltration of
neutrophils and lymphocytes, with disruption and boss of articular cartilage. B, FR167653 therapeutically treated
CIA rats showed slight thinning of articular cartilage and intact subchondral bone with mild inflammatory cell
infiltration inlo synovium. €, Normal rats showed normal articular cartilage and absence of infiltrate in the
synovium. D, CIA rats showed active periarticular bone resorption with marked infiltration of TRAP-positive
osleoclasts. E, TRAP-posilive multinuclear cell formation was almost complelely abolished in FR167653
therapeutically treated CIA rats. F, Normal rats showed few TRAP-positive multinuclear cells. (Original

magnification X 40.)

significantly smaller in FR167653-T rats (9.7) than in
CIA-T rats (90.0) (P < 0.0001) (Table 2).

Cytokine level in peripheral blood serum and
ankle joints. The serum concentrations of TNFa (3.16
pg/ml) (P = 0.0051) and IL-18 (not detectable) (P =
0.0041) in FR167653-P rats were significantly lower than
those in CIA-P rats (TNFa 66.7 pg/ml and IL-18 116.6
pg/ml) (Table 3). The tissue concentration of IL-18
(0.450 pg/mg) (P < 0.0001) in the ankle joints of

Table 2. Radiographic score, histologic score, and ostcoclast number
in the collagen-induced (CIA) therapeutic treatment model*

FR167653-P rats was significantly lower than that in
CIA-P rats (2.448 pg/mg). However, tissue TNF« levels
were similar among the 3 groups (Table 4). IFN+y and
IL-4 levels were lower than the detection limit in all
groups.

Effect of FR167653 on the T lymphecyte popula-
tion. The percentages of CD4+,CD8a— and CD4+,
CD8a+ T cells in the bone marrow were similar among
normal-P, FR167653.P, and CIA-P rats. However, the

Table 3. Cytokine levels in the peripheral blood serum in the CIA
prophylactic model*

No. of Radiographic Histologic  Osteoclast No. of
Group joints score sCOTE number Group Tats TNFa, pg/ml JL-18, pg/ml
FR167653-T rals 10 1308t 12x09t 97=*89% FR167653-P rals 5 316 £ 7.11% NDt$
CIA-T rats 13 2903 33206 900445 CIA-P rats 6 66.7 £252 1166 £ 358
Normal-T rats 14 0.0 x 00 0.0 =00t 10=+18% Nuormal-P rats 4 NDtt NDtt

* Except where otherwise indicated, values are the mean = 3D,
FR167653-T = CIA rats treated therapeutically with FR167653;
CIA-T = untreated CIA rats in the therapeutic model; normal-T =
normal rats in the (herapeutic model.

1P < 0.0001 versus CIA-T rats.

1 P = 0.0001 versus CIA-T rats,

* Except where otherwise indicaled, values are (he mean = SD.
TNFa = lumor necrosis {actor a; IL-18 = interleukin-18; ND = not
detectable (see Table 1 for uther definitions).

1 P < 0.01 versus CLA-P rals.

$ The values under the detectable hmit were treated as 0.0 for
slalistical analysis.
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Table 4. Cytokine levels in the ankle joints in the CIA prophylactic
model*

No. of
Group joints TNFa, pgimg IL-1B, pgfmg
FR167653-P rats 6 0.056 = 0.112 0.450 * 0.067¢
CIA-P rats 6 0.060 = 0.013 2.448 = 0.610
Normal-P rats 6 0.052 = 0.045 0.187 + 0.090¢

* Except where otherwise indicated, values are the mean * SD. See
Tables 1 and 3 [or definitions.
t P < 0.0001 versus CTA-P rats.

mean percentage of CD4—,CD8a+ T cells in CIA-P rats
{16.7%) (Figure 7A) was significantly greater than that
in FR167653-P rats (10.6%) (P = 0.0434) (Figure 7B)
and normal-P rats (8.4%) (P < 0.006) (Figure 7C).

Inhibition of osteoclast differentiation and mat-
uration of bone marrow cells induced by M-CSF and
sRANKL or TNF«, following treatment with FR167653.
In vitro TRAP-positive multinucleated cell formation
induced by sSRANKL was almost completely abolished
by FR167653 (P < 0.0001 for all concentrations of
FR167653 compared with no FR167653) (Figures 8A
and B). FR167653 also inhibited the osteoclast-like cell
differentiation induced by TNFa independent of the
RANKI/RANK pathway, in a dose-dependent manner
(P < 0.0001 for all concentrations of FR167653 com-
pared with no FR167653) (Figurcs 8C and D). Calcitied
matrix resorption by sRANKL-induced osteoclast-like
cells was also inhibited by FR167653 (P = 0.0433)
(Figure 9).

2677

DISCUSSION

Because p38 MAPK regulates inflammatory cy-
tokines such as TNFa and IL-1p, several researchers
have used inhibitors of p38 MAFK in inflammatory
disease models in vive, including adjuvant-induced ar-
thritis, and their resulis have confirmed the effectiveness
of these inhibitors (30-34,45-49). However, the role of
p38 MAPK in the CIA model has not been previously
investigated. The current study is the first to elucidate
the effects of FR167653, a potent p38 MAPK inhibitor,
which completely prevented the onset of CIA and also
markedly improved the symptoms of inflammatory
changes even after the onset of arthritis, with significant
reductions in radiographic and histologic degrees of
joint injury.

By what mechanism does FR167653 protect the
joint against inflammatory injury? There is evidence
that the proinflammatory cytokines TNFa and IL-183
help to propagate the extension of a local or systemic
inflammatory process. We confirmed that the inflam-
matory process in the untreated CIA rats led to sub-
stantial increases in the serum levels of TNFe and IL-1j3
and in the ankle-joint concentration of IL-1B8. The
serum and ankle-joint concentrations of these proin-
flammatory cytokines were significantly lower in the rats
ireated prophylactically with FR167633, suggesting that
FR167653 inhibits the polyarticular inflammation pro-
cess and joint destruction by inhibiting the production of
TNFa and IL-1B.
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Figure 7. T cell population of bone marrow cells on day 21. Two-color llow cylometric analbysis
with fluorescein-conjugated anti-CI4 antibody and phycoerythrin-conjugaled anti-CD8a antibody
was performed using a FACScan cquipped with an argon laser at 488 nm on bone marrow cells
collected from rals in the prophylactic treatment mode!l. A, Rats with collagen-induced arthritis
(CIA). B, FR167653 prophylactically treated CIA rats. C, Normal rats. The proportion of
CD4+,CD8a— and CD4+,CD8a+ T cells was simifar among the 3 groups of rats. However, (he
percentage of CD4—,CD8a+ T cells in the untreated CIA rats was significantly greater than that
in the FR167653-treated rats and normat rats. Data are the mean x 8D (n = §).

—192—



2678

NISHIKAWA ET AL

150
2
£ 100 #
x
[ #
= s0
= u
8 #
0.
MCSF -  — + + o+ o+ o+
SRANKL —  +  —  + 4+ 4+ 4
FRISTES, — — —  —  10M 10°M 10M

FRI67653 - — _ —_

50

260

]
|
|
|
+ 44
+
+
+

TNF-a - - +

10M  [0-'M 10+4M

Figure 8. Effect of FR167653 on osieoclast differentiation induced in vitro by macrophage colony-stimulating factor (M-CSF) and soluble receplor
activator of nuclear factor «B ligand (sSRANKL) or tumor necrosis factor a (TNFa). Rat bone marrow cells were incubated for 6 days in the presence
or absence of M-CSF (100 ng/ml), sRANKL (100 ng/ml), and FR167653 (107*M, 10~ "M, or 1075M) (A and B} or M-CSF {100 ng/ml}, TNFa (100
ng/ml), ostcoprotcgerin (OPG) (200 ng/ml), and FR167653 (1078, 1077M, or 107°M) (C and D). After incubalion, cells were stained with the
tartrate-resistant acid phosphatase (TRAP) staining kit. Representative micropholographs of TRAP staining induced by M-CSF and sRANKL (A)
and by M-CSF, OPG, and TNFe (C) are shown (original magnification X 40). FR{—] = without FR167653; FR{107%] = with 107V FR167653.
The mean and SD number of TRAP-positive multinuclear cells (MNC) containing 3 or more nuclei is also shown (B and D} (n = §). # = P < 0.0001
versus the M-CSF and sRANKL group in B and versus the M-CSF, OPG, and TNFa group in .

The involvement of CD8+ T cells in autoimmune
disease is multifaceted. CD8+ T c¢ells and major histo-
compatibility complex class I participate in disease onset
in murine and rat autoimmune disease models (50-55}.
CD8+ T cells may play an important role in initiating
CIA (56), but their role is not fully undersiood (57,58}
In the present study, we found a significant increase of
CD4—-,CD8a+ T cells in the local bone marrow of un-
treated CIA rats when compared with FR167653-treated
rats and normal rats in the prophylactic treatment model.
These findings suggest that CD4—,CD8+ T cells play an
important role in iniliating CIA, and that FR167653 may
possibly inhibit the accumulation of inflammalion initia-
tors, such as CD4—-,CD8a+ T cells, in local bone marrow.

Since macrophage inflammalory protein la
(MIP-12) and monocyte chemoattractant protein 1
(MCP-1), which are chemokines that may be responsible
for CD8a+ T cell and macrophage infiltration (59,60),
are regulated by cytokines such as IL-1a, IL-18, and
TNFa (61), these chemokines may be involved in the
mechanism of CD4—,CD8a+ cell accumulation in bone
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Figure 9. Calcified matrix resorption by osteoclasi-like cells, induced
by soluble receptor activator of nuclear factor xB ligand (sRANKL).
Calcified matrix resorption activity of the osteoclast-like cells was
tested using BD BioCoat osteologic calcium hydroxyapatite-coated
slides. Rat bone marrow cells were incubaled with macrophage
calony-stimulating factor (M-CSF; 100 ng/ml) and sRANKL (100
ng/ml) in the presence or absence of FR167653 (107 “M). Bars show
the mean and SD {n = 4) total resorplion area on 4 randomly
selected microscopic fields (100X magnification), calcufated using an
image analysis system. * = P < 0.05 versus Lhe M-CSF and sSRANKL
group.
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marrow. Therefore, FR167653 may possibly inhibit cy-
tokines via the inhibition of IL-18 and/or TNFa, result-
ing in inhibition of inflammatory cell infiltration. How-
ever, in our immunohistochemical study, the difference
in local expression of MIP-1a and MCP-1 in the periar-
ticular region was marginal between the groups (data
not shown).

TNFa and IL-18 are potent inducers of osteo-
clastic bone resorption. Accordingly, FR167653 inhibi-
tion of TNFa and IL-18 production may suppress the
periarticular osteolysis in RA. It was recently reported
that activation of the p38 MAPK pathway plays an
important role in RANKI -induced and TNF-mediated
osteoclast differentiation of mouse bone marrow cells
(62,63). In the present study, we found that the number
of osteoclastic TRAP-positive multinuclear cells in both
the prophylactic and therapeutic FR167653-treated rats
was significantly smaller than that in their respective
untreated CIA groups. Furthermore, in the rat bone
marrow culture assay, an FR167653 concentration of
107°M almost completely inhibited the differentiation
and maturation of osteoclast-like cells induced by both
sRANKI. and TNFe. This concentration is equivalent to
the serum concentration in rats 8 hours after receiving
32 mg/kg daily by subcutaneous injection (Fujisawa
Pharmaceutical: unpublished data). Thus, FR167653
multilaterally inhibits joint destruction by suppressing
joint inflammation, reducing serum osteoclastic cytokine
levels, and directly inhibiting osteoclast formation and
maturation.

In addition to FR167653, other inhibitors of p38
MAPK, SB203580 and SB242235, have been used in
several inflaimmatory disease models, and obvious ad-
verse events were not seen (30-34,45-49). In our in vivo
study, we found no adverse events caused by 32 mg/kg/
day of FR167653, a dosage that was used in another
inflammation model and found to be safe and effective
(64). Although most of the in vivo investigations found
no adverse effects, one study demonstrated increased
plasma creatine levels and lactate dehydrogenase levels
in rats (65). The toxicity of FR167653 should be studied
extensively.

In conclusion, FR167653, a potent p38 MAPK
inhibitor, not only prevents the onset of arthritis by
prophylactic treatment, but also suppresses the progres-
sion of joint destruction by therapeutic treatment of rats
with CIA. FR167653 appears to protect the joints from
inflammation injury through the inhibition of TNFe and
IL-18 production, recruitment of CD4—,CD8a+ T cells,
and osteoclastic bone resorption. These findings suggest
that p38 MAPK is a potential therapeutic target for RA.
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Object, Although controversy exists regarding surgical treatment for rheumatoid subaxial lesions, no detailed
studies have been conducted to examine the efficacy of laminoplasty in such cases. To discuss indications for
laminoplasty in rheumatoid subaxial lesions, the authors retrospectively investigated clinical and radiological out-
comes in patients who underwent laminoplasty for subaxial lesions.

Methods. Thirty patients (11 men and !9 women) underwent lamincplasty for rheumatoid subaxial lesions, The
patients were divided into those with mutilating-type rheumatoid arthritis (RA}) and those with nonmutilating-type
RA according to the number of eroding joints. As of final follow-up examination laminoplasty resulted in improve-
ment of myelopathy in 24 patients (seven with mutilating- and 17 with nonmutilating-type RA) and transient or no
improvement in six (five with mutilating- and one with nonmutilating-type RA). In the group with mutilating-type
RA, significantly poorer results were displayed (p < 0.05). In most patients preoperative radiographs demonstrat-
ed vertebral slippage less than or equal to 5 mm at only one or two levels. Postlaminoplasty deterioration of sub-
axial subluxation and unfavorable alignment change occurred significantly more often in patients with mutilating-

type RA (p < 0.05).

Conclusions. Patients with nonmutilating-type RA can benefit from laminoplasty for myelopathy due to subaxi-

al lesions.

KEY WorRDS + laminoplasty < rheumatoid arthritis ¢ subluxation ¢ myelopathy

cal spine, and instability and neural compression

are notorious complications. These disorders occur
predominantly in the upper cervical region, where surgical
treatments have been well documented.**' Converse-
ly, great controversy remains regarding subaxial lesions,
such as destruction of facet joints, intervertebral discs,
endplates, and spinous processes or inflammatory changes
in surrounding soft-tissue support, all of which can lead to

hypermoebility, subluxation, or step-ladder deformity.>37#
14,22,25,26

R HEUMATOID arthritis commonly involves the cervi-

Vertebral instability and rheumatoid granulation lead to
spinal cord compression. In the subaxial region, relative-
ly minor vertebral translation is more likely to result in
spinal cord compression than changes in the upper cervi-
cal region, because of the narrowness of the spinal canal.
Although multilevel instrumentation-augmented fusion is
widely used for subaxial rheumatoid lesions,” some au-
thors have reported finding instability at levels adjacent to
fused segments.'®’2! Fusion-related reduced neck mobili-

Abbreviations used in this paper: RA = rheumatoid arthritis;
ROM = range of motion.
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ty can affect swallowing and daily activities in patients
with RA.

Laminoplasty was originally indicated for myelopathy
due to cervical spondylosis or ossification of the posterior
longitudinal ligament, and satisfactory long-term results
have been reported.’** We have performed laminoplasty
for RA-related subaxial lesions in expectation of preserv-
ing cervical ROM and avoiding drawbacks associated
with arthrodesis. No detailed study regarding laminoplas-
ty for these lesions has previously been conducted. We ret-
rospectively evaluated clinical and radiological outcomes
after performing laminoplasty for subaxial lesions and
discuss the indications for this procedure.

Clinical Material and Methods
Patient Population

Between 1990 and 2000, 79 patients with RA under-
went surgical intervention for subaxial lesions in our hos-
pitals. Instrumentation-augmented fusion was performed
in 47 patients, and the remaining 32 patients underwent
laminoplasty. Follow-up data in two patients were insuffi-
cient; thus, 30 cases (11 men and 19 women) formed the

7

—197—



basis of this study. Twenty-eight patients underwent C3-7,
one patient C4-T1, and one patient C2-5 decompression.
This was not a randomized study, and criteria for selecting
either laminoplasty or arthrodesis depended on individual
surgeons. Laminoplasty was generally indicated in the fol-
lowing cases: 1) when subaxial subluxation was relative-
ly mild and no cervical kyphotic deformity was present;
and 2) when the main symptom was myelopathy without
significant neck pain. Progressive myelopathy represented
the main symptom in all 30 patients. All patients fulfilled
established criteria for RA. The mean age of patients at
surgery was 63.9 years (range 46-82 years). The mean
duration of RA was 16.2 years (range 3-48 years) before
surgery.

Each patient was screened for osseous erosion in 68
joints throughout the body by an independent rheumatol-
ogist. Patients were divided into two groups according to
the number of eroding joints: mutilating-type RA (12
cases), in which more than 40 joints were affected, and
nonmutilating-type RA (18 cases), in which 40 or fewer
joints were affected.>'® In all patients subaxial subluxation
of at least 3 mm was present. Concomitant atlantoaxial
subluxation and/or vertical subluxation was noted in 21
patients: atlantoaxial subluxation in 10, atlantoaxial sub-
luxation and vertical subluxation in five, and vertical sub-
luxation in six. Two patients had previously undergone
upper cervical fusion for the treatment of antlantoaxial
subluxation and/or vertical subluxation.

Interventions involved two types of laminoplasty: en
bloc procedure! in 24 patients and midsagittal splitting
procedure' in six. En bloc laminoplasty was performed as
follows. The spinous processes were removed and bilater-
al gutters were made at the facet-lamina junctions by
using a high-speed drill. On the hinged side, the inner cor-
tex was preserved; on the open side, the inner cortex was
completely cut down to the epidural space. The laminae
were elevated en bloc, and the removed spinous process-
es were used as a strut graft to hold the opened laminae. In
the midsagittal splitting laminoplasty, the spinous process-
es were split in the midline by using a high-speed drill,
bilateral gutters were made at the facet-lamina junctions,
and bone graft was used as a spacer. In most patients au-
tologous bone chip graft was placed on the hinged gutter.

Twenty patients underwent laminoplasty only. Con-
comitant occiput-C2 or C1-2 fusion was added to lamino-
plasty in five patients each, In all patients in whom con-
comitant upper cervical fusion was conducted, the
primary myelopathy-inducing lesion was located in the
subaxial region. Postoperatively, a cervical collar was rou-
tinely worn for 1 month by patients who underwent lam-
inoplasty alone. Patients who underwent concomitant up-
per cervical fusion were placed in a halo jacket for 1 to 2
months.

Radiographic Evaluation

Consecutive radiographs were examined to determine
the number of levels displaying vertebral slippage (= 3
mm), extent of slippage, and ROM between C-2 and C-7
on lateral flexion—extension x-ray films. Sagittal cervical
alignment on lateral neutral radiographs was classified as
lordosis, straight, or kyphosis. All radiographic measure-
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ments and classifications were performed by one of the
authors in a blinded manner.

Clinical Evaluation

Neurological impairment was evaluated according to
the Ranawat classification system® (Class I, no neural
deficit; Class II, subjective weakness with hyperreflexia
and dysesthesia; Class IIIA, objective weakness and long
tract signs but ambulating; and Class IIIB, objective
weakness and long tract signs but not ambulating). Neck
pain was also classified using the Ranawat grading system
{0, none; 1, mild; 2, moderate; and 3, severe). The ambu-
latory ability was classified into four grades (0, can ambu-
late outdoors without aid; 1, outdoors with aid; 2, indoors;
3, needs a wheelchair; and 4, bedridden). Neurological
status was examined just before laminoplasty, 6 months
later, and at final follow-up evaluation. For patients
who underwent revision surgery, neurological status just
before this procedurc was used as the final score. The
mean postoperative follow-up period was 3.5 years (range
[-9 years).

Statistical Analysis

The chi-square test or Mann—Whitney U-test was used
for statistical analysis. Probability values less than 0.05
were considered statistically significant. Analyses were
performed using JMP statistical computer software ver-
sion 5.0 (SAS Institute, Cary, NC).

Results
Radiographic Evaluation

Preoperative dislocation was noted at one level in 22
patients, two levels in five, three levels in two, and four
levels in one. Preoperative slippage was 3 to 5 mm in 26
patients and preater than 5 mm in four patients. At final
follow up, eight patients (six with mutilating-, two with
nonmutilating-type RA) exhibited progression of slippage
(Table 1), in two of whom the slippage site displayed
spontaneous fusion and stabilization.

Preoperative sagittal cervical alignment was considered
lordotic in 17 patients, straight in 11, and kyphotic in only
two. Postoperative alignment changes occurred in only
five patients (four with mutilating- and one with nonmuti-
lating-type RA). Significant differences in deterioration of

TABLE 1

Correlation between postoperative radiologically
documented deterioration and subtype of RA

RA Type
Nonmutilating  Mutilating p Value*
increase or new
development of slippage 20f18 60of 12 <0.05
change of alignment
lordosis to straight 1 | <0.05
lordosis to kyphosis 2

straight to kyphosis l

* Statistical analysis according to chi-square test,
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Laminoplasty for rheumatoid subaxial lesions

TABLE 2
Summary of clinical data in 30 patients with RA*

Neurological Deficit Classt Walking Function Grade

Case Age (yrs) Postop RA
No. at Op, Sex FU (yrs) Subset Op Preop 6 Mos FU Preop 6 Mos FU
1 62,F 35 NM EB A II Il 3 0 0
2 61.F 1.5 NM EB & UF 1A i It 0 0
3 55,F 45 NM EB 1A II It 1 1] 0
4 70.F 2.5 NM EB & UF 1A I I 2 1 1
3 52,F i5 NM EB B HIA 1HIA 4 2 2
6 67, F 3 NM MS 1B A IIA 4 2 2
7 82, F 1 NM MS A HIA IIIA 2 1 1
8 76, F 3 NM MS 1B 1ITA ITIA 4 3 3
9 72, F 5 NM MS 1I1A IA If1Aa 3 2 2
0 69, F 4 NM MS 1A I 11 2 1 1
Il 60, M 6 NM MS & UF ITA II Il 2 0 0
12 41, F 2 NM EB 1A 1IIA 1A 2 1 i
13 3, M 6.5 NM EB & UF A I Il 0 0 0
14 66, M 2 NM EB & UF 1A 11 II 2 \ 1
15 67, M 2 NM EB & UF 1B I I 4 2 2
16 70, F 3 NM EB IIIB 1A A 3 2 2
17 75, M 1 NM EB IIEA Il I 0 0 0
18 54, F 9 NM EB 1B 1IIA 1B 4 2 3
19 66, M 2 MU EB & UF IIA I Il 2 1 !
20 64, M 5 MU EB B IITA B 3 2 4
21 66, F 3 MU EB IIIA I I 1 0 0
22 56, M 5 MU EB 1B I1IB NIB 4 4 4
23 70, M 6 MU EB 1IIB 11 I 3 1 ;
24 46, F 2 MU EB & UF 1IIB 1B 1B 4 3 4
25 51.F g MU EB HIA (4 A { 1 2
26 62, F 4 MU EB 1B 1A HIA 3 2 2
27 70,F \ MU EB IIIB II1A 1IA 3 2 2
28 66, M 1 MU EB 1B II1A IIIA 3 1 1
29 61, F | MU EB & UF IIIA IITA A 3 2 2
30 55, M 3 MU EB & UF IIA I 1B 1 1 4

* EB = en bloc laminoplasty; FU = follow up; M5 = midsagittal splitting laminoplasty; MU = mutilating; NM = nonmutilating;

UF = upper cervical fusion.
t According to the Ranawat classification system.

subaxial subluxation and alignment change were observed
between the two groups (Table 1},

The mean ROM in the sagittal plane between C-2 and
C-7 was 29° preoperatively (range 6-63%) and 11.4° post-
operatively {range 0-31%). The mean ROM decreased to
39% of its preoperative value following laminoplasty. In
five patients no motion was displayed between C-2 and
C-7 because spontaneous fusion occurred at all levels after
laminoplasty.

Clinical Evaluation

Preoperatively, 14 patients reported no neck pain, 15
experienced moderate (Grade 1, five patients; Grade 2, 10
patients) pain, and only one patient suffered severe (Grade
3) pain. In the 16 patients with preoperative neck pain, 10
indicated pain relief by one or two grades, but the remain-
ing six complained of the same level of pain at final fol-
low up. Postoperative deterioration of neck pain occurred
in only one patient,

All 30 patients suffered myelopathy preoperatively:
Class IIIA in 17 patients and Class HIB in 13. Postoper-
ative improvement of at least one Ranawat class occur-
red in 24 patients, with improvement maintained until
final follow up in 20 (Table 2). Although six patients had
no neurclogical improvement in Ranawat class, ability to

J. Neurosurg: Spine / Volume 100 / January, 2004

walk improved postoperatively by at least one grade in
five patients, with the improvement maintained until final
follow up in four (Table 2).

Of five patients in whom neurological deterioration re-
curred, in three with mutilating-type RA, significant slip-
page or vertebral collapse developed; two needed revision
surgery comprising occiput-upper thoracic fusion with in-
strumentation (Fig. 1) and one died suddenly of respiratory
dysfunction 2 years after laminoplasty. In the remaining
two patients, reasons for deterioration were unknown.

Finally, patients could be divided into two groups based
on outcome: Group A (24 cases), in which improvement
of myelopathy was demonstrated through final follow up,
and Group B (six cases), in which only transient or no im-
provement of myelopathy occurred. The prevalence of
mutilating-type RA was 29.2% in Group A and 83.3% in
Group B, representing a significant difference (p < 0.05).
Preoperative radiological disorders did not significantly
affect clinical outcome after laminoplasty (Table 3).

Discussion

Studies of cervical lesions in patients with RA have pre-
dominantly focused on the occipitoatlantoaxial complex,
whereas subaxial lesions have received less attention. Few
detailed descriptions of surgical interventions for subaxial
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FiG. 1. Lateral radiographs obtained in a 46-year-old woman with mutilating-type RA. A: Preoperative radiograph
revealing vertebral slippage at C3—4 in flexion. B: The patient underwent Jaminoplasty and myelopathy improved from
Ranawat Class IITA to Class II.  C: Four years postoperatively, new development of slippage occurred at C4-5 followed
by collapse of the C-4 vertebral body. Myelopathy deteriorated to Class IIIB.  D: Posterior instrumentation-augmented
occiput-T4 fusion was performed. Iliac bone graft was added throughout the instrumentation area. The patient became
ambulatory after reoperation.

lesions have been reported. Although laminoplasty has
been widely conducted to treat degenerative cervical dis-
ease, it has not been generally applied to rheumatoid sub-
axial lesions because of related postoperative instabifity
and poor results,

Most authors of reports on subaxial lesions have dis-
cussed spinal fusion. Ranawat, et al.,*! reported poor re-
sults after anterior spinal fusion for subaxial lesions and
recommended posterior fusion. Some authors have insist-
ed that decompression is unnecessary in cases of RA-
related myelopathy, as long as solid fusion is attained;"
however, subaxial compression of the neural elements can
also be caused by soft tissues, including pannus formation
and extradural rheumatoid nodules. Santavirta, et al.,?
therefore reported that reduction of subluxation and pos-
terior fusion without laminectomy should be limited to
patients in whom signs of cord compression are absent. In
their series, vertebral collapse or new subluxations were
found at the level adjacent to posterior fusion in some
cases, and they indicated the risk of new subluxation
below or above the fusion caused by mechanical stress
from segmental arthrodesis. Olerud, et al.,*® have recom-
mended total cervical fusion extending to the upper tho-
racic spine to avoid complications adjacent to the fused
segment.

In the surgical treatment of subaxial lesions, rigid stabi-
lization has been considered crucial, but total cervical fu-
sion would represent overtreatment for subaxial lesions.
Based on the belief that some patients with RA harboring
subaxial lesions can be successfully managed by undergo-
ing decompression alone without solid fusion, we have
performed laminoplasty, a very simple procedure that can
preserve mobility of the cervical spine. Compared with
laminectomy, kyphotic deformity or malalignment is well
known to be reduced following laminoplasty with preser-
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vation of posterior structures.’"” In the present study, most
patients underwent placement of an autologous bone chip
graft on the hinged gutter, mainly at the level of subluxa-
tion, and we expected local fusion to develop. We antici-
pated both prevention of cervical instability and preser-
vation of cervical ROM. As a result, cervical ROM was
reduced to 39% after laminoplasty. Although some pa-
tients indicated complete loss of motion between C-2 and
C-7 after laminoplasty, the reasons for such total fusion
remain unclear. The quantity of bone graft on the gutter

TABLE 3

Correlation berween preoperative severity of
subaxial subluxation and result of laminoplasty*

Symptomatic OutcomeT

Variable Group A Group B p Value

no. of cases 24 6
ratio of NM/MU RA cases 1717 115 <0.05%
no. of levels w/ slippage

1 18 4 NS§

2 4 1

3 2

4 1
slippage >5 mm 3 1 NS§
alignment

lordosis 13 4 NSt

straight 9 2

kyphosis 2 0

* NS = not significant.

t Group A, improvement of myelopathy and maintenance after lamino-
plasty; Group B, only transient or no improvement of myelopathy after
laminoplasty.

} According 1o chi-square test.

§ According to Munn-Whitney U-test,
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