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Predictive Factors for Unsuccessful Treatment of DDH

positive Ortolani test, which is used to determine whether
the femoral head is reducible by gentle traction, abduc-
tion, and anterior translation of the thigh. Diagnosis was
confirmed by an anteroposterior hip radiograph, which
was routinely taken in these suspected patients, showing
lateral and cephalad displacement of the proximal end of
the femur accompanied by interruption of the Shenton
line, or the presence of a false acetabulum. In addition,
ultrasonographic screening has been adopted since 1991.

The medical records and radiographs for all patients
who were treated initially with the Pavlik harness at our
institution between 1987 and 2006 were reviewed and
followed up for at least 1 year after the initial application
of the harness. Patients who had had previous treatment
elsewhere or who were treated initially with a different
method were excluded from the study, as were patients
who had a teratologic or neuromuscular dislocation, or
those who had inadequate radiographs and clinical
records. Patients who discontinued brace treatment due
to poor compliance or some complications were also
excluded. :

The Pavlik harness was applied by 16 trained
pediatric orthopaedists with the hip flexed to 90 to 100
degrees. The posterior straps. were lax enough for the
knees to come to the midline in the position of hip flexion.
Reduction was confirmed by palpation and radiography
before the introduction of ultrasonography. Ultrasono-
graphic screening through an anterior approach and
clinical and radiologic examinations has been added for
the assessment of reduction since 1991. Spontaneous
reduction usually occurred within 1 or 2 weeks after the
application of the harness. The patients were checked
every few days during the first 2 weeks until reduction was
achieved. After reduction, the patients were examined
every 2 weeks for 1 or 2 months and then every 4 weeks
thereafter. No additional braces were used after the

Pavlik harness treatment. If reduction could not be
obtained or maintained within the first 2 to 3 weeks, the -

harness was discontinued and overhead traction was
attempted. ‘

Three patients discontinued harness treatment due
to noncompliance by the parents. Two infants were
obliged to remove the brace within a few days after an
application of the harness because they were in bad
humor (crying bitterly) and would not take sufficient
milk. Finally, 221 hips of 210 patients (31 subluxations
and 190 dislocations) met the criteria for inclusion in the
study. Patient demographics were reviewed for generally
accepted risk factors influencing the outcome of Pavlik
harness treatment; sex, bilaterality, side of pathology, age
at the time of initiation of harness treatment, degree of
adduction contracture, reducibility (Ortolani-positive),
family predisposition, and duration of Pavlik harness
treatment. Adduction contracture of the hip, which was
evaluated on the basis of passive abduction with the hips
flexed to 90 degrees, were classified into 2 groups
according to maximal abduction (abduction >60 de-
grees: good ABD group, abduction <60 degrees: poor
ABD group). The radiographs were taken in the supine
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FIGURE 1. A plain anteroposterior radiograph taken before
initial treatment. The letter M marks the middle point of the
proximal metaphyseal border of the femur. Distance a
represents the distance between M and the Hilgenreiner line,
and distance b represents the distance between M and the line
that is adjacent to the lateral border of the ischium.

position, with both lower extremities extended in a
neutral position between external and internal rotation,
and the tube distance was 1 m. The severity of dislocation
was measured on a plain anteroposterior radiograph
taken before initial treatment according to the method of -
Yamamuro and Chene!® (Fig. 1). The distance between
the midpoint of the proximal metaphyseal border of the
femur and the Hilgenreiner line was termed distance a.
The distance between the midpoint of the proximal
metaphyseal border of the femur and the line that is
adjacent to the lateral border of the ischium was termed
distance b. Thus, the amount of proximal displacement
was represented by distance g, and that of lateral
displacement by distance b. The presence of AVN was
diagnosed according to the criteria of Salter et al?®: (1)
failure of the appearance of the ossific nucleus of the
femoral head during 1 year or longer after reduction; (2)
failure of growth in an existing ossific nucleus during 1
year or longer after reduction; (3) broadening of the
femoral neck during 1 year after reduction; (4) increased
radiographic density of the femoral head followed by the
radiographic appearance of fragmentation; and (5)

‘residual deformity of the femoral head and neck when

reossification is complete. Severity of AVN was classified
by the method of Kalamchi-MacEwen.!4

First, univariate analysis was performed between
the successes and the failures of reduction to assess the
differences with regard to sex, laterality, side of patho-
logy, age at initiation of harness treatment, severity of
dislocation before treatment (distance a and distance b),
degree of adduction contracture, reducibility, and family
predisposition. Next, the incidence of AVN after reduc-
tion by the Pavlik harness was binary-coded and
univariate analysis was also performed between AVN
(+) and AVN (—) to assess the differences regarding
the above variables and the duration of harness treat-
ment. Continuous variables were compared by the
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nonparametric Mann-Whitney U test and categorical
variables by the Fisher exact test or the Pearson test,
where appropriate. Finally, independent multivariate
predictors of outcome were identified using logistic
regression in ‘which all variables with a P value of less
than 0.20 from the univariate analysis were entered into
the stepwise model for the selection of the explanatory
variables. The likelihood ratio by using the y? test was
used to determine the significance of each predictor or
possible 2-way interactions among variables. Significant
predictors of outcome were analyzed by calculating the
odds ratio of maximal likelihood with 95% confidence
intervals (CI). A P value of less than 0.05 was considered
statistically significant. Data analysis was performed
using JMP version 6 (SAS Institute, Cary, NC).

RESULTS

Overall Results of the Pavhk Harness Treatment
(Table 1))

One hundred and ninety patlents were female
(90.5%) and 20 were male (9.5%). One hundred and
thirty-five (61.1%) of 221 DDH were on the left and 64
hips  (28.9%) were on the right. Eleven patients had
bilateral hip involvement. The average age at the
initiation of harness treatment was 3.9 % 1.08 months.
Distance g and distance b before Pavlik harness treatment
was averaged 7.4 £ 2.38 and 11.6 & 2.07mm, respec-
tively. Range of hip abduction was recorded in 202 of 221
hips. Good ABD group comprised 132 hips (65%) and
- poor ABD 70 hips (35%). Thirty-nine hips (18%) were
reducible by the Ortolani maneuver (Ortolani-positive)
whereas there were 182 (82%) Ortolani-negative hips.
One-third of the patients had a familial predisposition.
One hundred and eighty-one hips were reduced with the
Pavlik harness and average duration of total harness
treatment was 112 £ 22.3 days (full-time bracing in. 165
hips and part-time wear followed by full-time bracing in
16 hips). The overall rate of reduction was 81.9%. In 1
patient with bilateral DDH, one hip was reduced in the
harness .and the other was not. The hips that were
unreduced with the Pavlik harness were subsequently
treated by overhead traction, and all hips were finally

TABLE 1. Categorical and Continuous Variables for the
Outcome of the Pavlik Harness Treatment

reduced conservatively. AVN of the femoral head was
identified in 16 of the 181 reduced hips (8.8%) according
to the criteria of Salter et al.?® There were 3 hips in grade

"1, 4 hips in grade 2, 5 hips in grade 3, and 4 hips in grade 4

classified by the method of Kalamchi-MacEwen. !4

Predictive Factors for the Failure of Reduction
(Tables 2, 4)

Sex did not correlate with the failure of reduction in

- Pavlik harness treatment in univariate analysis (P = 0.1045).

The reduction rate was 70% in male and 82.9% in female
patients.

Bilaterality was assomated with an increased risk of
Pavlik harness failure both in univariate (? = 0.0002) and
multivariate (P = 0.0182) analyses. Of the 199 hips with
unilateral DDH, only 29 hips (15%) failed Pavlik harness
treatment whereas 11 of the 22 hips (50%) with bilateral
involvement eventually failed. The estimated odds ratio of
failure was approximately 6 times higher for the patients

- with bilateral DDH than for those that were unilaterally

affected (odds ratio 5.9, 95% CI = 2.3-14.8).

Within the narrow range of ages of infants treated by
the Pavlik harness in this study, there was no statistically
significant relationship between age and likelihood of failure
(P =10.0559). The average age at initial treatment for
successfully reduced hips and for unreduced hips was 3.93
and 3.63 months, respectively.

In univariate analysis, the average distance a before
treatment was significantly greater in the reduced hips
than in the unreduced hips (7.95 +2.04 vs. 5.07 &
2.37mm) (P <0.0001). Similarly, the average distance
b of the reduced hips (11.2 + 1.96 mm) was significantly
smaller than that of the unreduced hips (13.1 £ 1.87 mm)
(P <0.0001). Distance a was the most powerful predictor
for failed reduction in multivariate analysis (P = 0,0002).
Distance b, in contrast, was not a s1gmﬁcant multivariate
predictor for the failure of reduction in Pavlik harness
treatment (P = 0.0719).

Reduction was obtained in 115 hips with the good
ABD group (87%) and in 49 hips with the poor ABD
group (69%). Adduction contracture of the hip was a
prognostic factor for the failure of reduction in univariate

TABLE 2. Umvarlate Analysis for the Failure of Reduction by
the Pavlik Harness Treatment

Reduction (+) Reduction (—) P

Categorical Variables No. Hips (Patients)

Male/female 20/190
Right/left/bilateral 64/135/22
Good ABD/poor ABD 132/70
Reducible/irreducible 39/182
Family predisposition (+/—) 74/147
Continuous Variables Mean + SD
Age at initial treatment 3.9+ 1.08mo
Distance a 7.4 £238mm
Distance b 11.6 £ 2.07mm
Duration of bracing 112 4+ 22.3d

Family predisposition (+/-)

No. hips 181 40
Sex (F/M) 165/16 33/7 0.1045
Laterality (L.4+R/B) 170/11 29/11 0.0002*
Age at treatment (mo) C 393+ 110 3.63%1.03 0.0559
- Distance g (mm) 795+£204 507237 <0.0001*
Distance 5 (mim) 112+ 196 13.1%187 <0.0001*
Abduction (good/poor) 115/49 17/21 0.0003*
Reducibility (+) 36/145 3/37 0.0629
56/125 18/22 0.0881

Continuous variables are expressed as the mean + standard deviation.
*Statistically significant.
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TABLE 3. Univariate Analysis for the Incidence of AVN by the
Pavlik Harness Treatment

AVN (+) AVN (-) P

No. hips 16 165

Sex (F/M) 15/1 150/15 0.7023
Laterality (L. +R/B) 14/2 156/9 0.5185
Age at treatment (mo) 3.88 £0.72 3.94 + 1.13 0.9135
Distance a (mm) 6.89 &+ 1.86 8.05 £2.03 0.0209*
Distance & (mm) 12.0 £+ 1.98 11.2 £ 1.95 0.0694
Abduction (good/poor) 5/10 110/39 0.0011*
Reducibility (+) 5/11 - 31/134 0.2331
Family predisposition (%) 6/10 . 50/115 0.5521
Duration of bracing 112 £ 8.44 113 £23.1 0.9623

Continuous variables are expressed as the mean + standard deviation.
*Statistically significant.
AVN indicates avascular necrosis.

analysis (P = 0.0003). Nonetheless, it was not a signifi-
cant multivariate predictor (P = 0.1097).
One hundred and forty-five of the 182 Ortolani-
-negative hips (80%) were reduced by the Pavlik harness
whereas 3 Ortolani-positive hips were not stabilized by
the harness treatment. As a result, irreducibility was not a
significant univariate predictor for the failure of reduction
(P = 0.0629) although it correlated with failed reduction
in multivariate analysis (P = 0.0340).
Family predlsposmon did not correlate with fallure
of reductxon in univariate analysis (P = 0. 0881)

Predlctlve Factors for the lnadence of AVN
(Tables 3, 4)

No significant difference was found between the
AVN (+) and AVN (-) groups with respect to sex,
laterality, side of pathology, age at initial treatment,
distance b, reducibility, family predisposition, and duration
of bracing. Distance ¢ averaged 6.89 + 1.86 mm in the AVN
(+) group and 8.05 & 2.03mm in the AVN (—) group,
which correlated’ with an increased likelihood of AVN in
univariate analysis (P = 0.0209). In multivariate analysis,
however, decreased distance a was,not a significant predictor
for the incidence of AVN (P =0.0988). In contrast,
adduction contracture of the hip was a significant univariate
(P = 0.0011) and multivariate (P = 0.0019) risk factor for
the incidence of AVN. AVN of the femoral head occurred in
10 of the 49 hips with the poor ABD group (20.4%) and in 5

TABLE 4. Multivariate Predictors of the Outcome by the Pavlik
Harness Treatment

Variables P
Reduction Laterality 0.0182*
Age at treatment 0.1653-
Distance a . 0.0002*
Distance b 0.0719
Abduction 0.1097
Reducibility 0.0340*
AVN Distance a 0.0988
Abduction 0.0019*

*Statistically significant.

© 2009 Lippincott Williams & Wilkins

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

success rate

a 2 (mm)

FIGURE 2. The graph represents changes in the success rate
of the good ABD group for cumulative increment of distance
a. More than 90% of the success rate was demonstrated when
distance g increased to 6 mm or greater.

of the 115 hips with the good ABD group (4.3%). The
estimated odds ratio of AVN occurrence was more than 5
times higher for the hips with poor ABD than for those with
good ABD (odds ratio 5.6, 95% CI = 1.8-17.5).

"Our results show that decreased distance a was the

~most powerful predictor of the failure of reduction, and

severe adduction contracture of the hip (poor ABD
group) was the most reliable risk factor for the incidence
of AVN in the treatment of the Pavlik harness. Then, we
examined the outcome of Pavlik harness treatment by
focusing on these 2 variables. The hips that were reduced
without AVN were determined as successful treatment
and the hips that were reduced followed by AVN or those
that .were unreduced as unsuccessful treatment. The
overall success rate was 74.7%- (165 of 221) in this series.
Figure 2 showed the changes in the success rate of the
good ABD group (minimal adduction contracture) as
increasing distance a. The rate of successful treatment
with the Paylik harness increased up to 91.2% when the
good ABD group had distance a of 6mm or greater.

DISCUSSION

This study examined a sufficient number of DDH
treated with the Pavlik harness and analyzed the
correlative factors to treatment failure statistically. We
believe our results provided important implications for
safe and useful application of Pavlik harness treatment
for DDH. There are, however, some limitations in this
study mainly because of its retrospective nature. First, the
hips in this series included not only developmental
dislocations but also subluxations, the results of which
would be superior to those of dislocations. Second,
intraobserver and interobserver reliability of the radio-
graphic measures (Yamamuro’s a and b) and clinical
measures (adduction contracture of the hip) has not been
tested. Third, the duration in the harness for successfully
reduced hips is a subjective decision, which may be biased
by the physicians. The harness was worn full time during
the course of treatment in some patients, whereas others
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had part-time bracing followed by full-time bracing. In
addition, actual compliance and use of the harness in the
home were impossible to determine reliably in a retro-
spective study.

Various investigators confirmed the effectiveness of
ultrasonography in evaluating the severity of dislocation
and diagnosing DDH.7810-1217.18.21.22 qu7yki et al??
reported that the patients whose hips were posteriorly
dislocated on a transverse ultrasonography view uni-
formly failed the Pavlik harness treatment. Ultrasono-
graphy, which allows visualization of the cartilaginous
components of the acetabulum and femoral head that are
not distinguishable on routine radiographs, is a non-
invasive and effective method, but it needs a specialist and
it may not be available in all institutes. In contrast,
distance @ and distance b, which can be easily measured
before the appearance of the ossification center of the
femoral head, are constant up to 4 years of age and
influenced very little by positional changes of the limb.!?
The usefulness of measuring distance -a has been widely
documented in Japan.>® This method is more practical
because it can be performed in any medical institute.
Thus, we used these measures in evaluating the severity of

DDH in this study.

. Several investigators have reported various risk
factors for the failure of reduction by the Pavlik harness
treatment including male sex,' advanced age at the time
of Pavlik harness initiation,”»%16:13 bilaterality,!%!% and
severity of dislocation,>%1%!7 In this study, similar to the
Lerman et al'® series, sex and age at initial treatment did
not correlate with failure of reduction. The age groups of
their study, however, were not compatible with those of
our study. The average age at initial treatment of this
study (3.9mo) was older than that of their series (7d).
This is because the majority of patients were referred to us
for clinical signs such as limited abduction, shortening of
the affected extremity, or positive click sign after routine
pediatric screening programs at the age of 3 months. The
results of this study may not be generalizable to DDH
infants less than 3 months of age.

Distance b and adduction contracture of the hip
were univariate risk factors for the failure of reduction but
not multivariate risk factors. Bilaterality and decreased
distance @ were univariate and multivariate predictors for
failed reduction by Pavlik harness treatment. Lerman et al'®
and Viere et al'® showed a statistically increased likelihood of
failure of Pavlik harness treatment in patients with bilateral
involvement, whereas Harding et al'® and Hangen et al’
found that bilaterality did not correlate with Pavlik harness
failure. Patients with bilateral DDH, in our series, were
approximately 6 times as likely to fail Pavlik harness
treatment as were those with unilateral DDH. This study,
however, showed that decreased distance a was the most
powerful statistical predictor for the failure of reduction.
Suzuki and Yamamuro® reported that the rate of reduction
was 97% when distance g was greater than 4 mm, whereas
the rate of reduction decreased to 61% when distance a was
less than 4 mm. Inoue et al® described that distance @ of 7mm
or smaller is a risk factor for unsuccessful reduction. These
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studies and the present one documented an increasing
likelihood of failure of Pavlik harness treatment with
increasing proximal displacement of the femur, which may
also indicate stiffness of soft tissues around the hip such as a
tight iliopsoas.

A hip reduced using the Pavlik harness followed by
AVN, which often leads to subsequent deformity of the

femoral head, is difficult to treat. Therefore, treatment

with the Pavlik harness should be done carefully to
prevent the development of AVN. There is a debate in the
orthopaedic literature with regard to the reduction of the
hip in DDH before the appearance of an ossific nucleus.
Some orthopaedists believe that the ossific nucleus of
femoral head has a protective effect, which decreases the
risk of iatrogenic ischemic injury to the femoral head
during reduction, and that the treatment of DDH should
be delayed until its development.??* In this series,
however, the incidence of AVN with the use of the Pavlik
harness was not dependent on age at initial application,
although the age group of this study was relatively old.
Suzuki and Yamamuro® showed that the incidence of
AVN rose as distance a decreased and concluded that the
more severe the dislocation, the higher the rate of AVN as
a complication of treatment with the Pavlik harness. In
this study, decreased distance a was a univariate risk
factor for the incidence of AVN, but not a multivariate
risk factor, unlike in the Suzuki and Yamamuro series. In
contrast, the pretreatment adduction contracture of the
hip was a univariate and multivariate risk factor for the
incidence of AVN. Several investigators suggested that
excessive abduction of the hip, such as tightening of the
posterior strap, may result in AVN.1-20:25.26 Ramsey et al!
termed the safe zone, which is defined as the arc between
the angle of abduction that can be comfortably attained
and the angle that allows redislocation. The safe zone is
extremely narrow when pretreatment contracture of soft
tissue limits abduction markedly. As a result, there may
be greater risk of AVN by relatively too much abduction
beyond the safe zone when reduction occurred in the hips
with severe adduction contracture.

Satisfactory outcome by the Pavlik harness treat-
ment was shown in the DDH with an abduction of > 60
degrees (flexed to 90 degrees) and distance a > 6 mm. We
concluded that the Pavlik harness is a very safe and
effective means of initial treatment of DDH for these hips.
For the treatment of DDH in which distance a was less
than 6mm or maximal - abduction was less than 60
degrees, additional treatment should be considered before
the application of the Pavlik harness to decrease the
proximal displacement of the femur and to relieve soft
tissue contractures around the hip.
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EoTC, ¥4 MIL VA Y PU—22BBRLT
Wo CORTHEEEERT « (TNFa),
IL-6, IL-12°RA OIFRBIZBVWTCEETH .
INFald, <7077 —Y%EH52%kDa D
HIBRE L LCBAE SR, 17kDa OB H 2 s
BIRB DA+ A4 2 & UCHIREORR 1Y
RBEBERET DL CEBREWEIER %
9. TNF ¢ %84R35 F 8B 55kDa @ P55
(TNF receptor (TNF - R) 1, CD120a) &
75kDa ® P75 (TNF - R2, CDI20b) o 2 fil
ﬁﬁﬁb,wfhK%TNFa&ﬂwwwmﬁ
PRELESL. BAESN INF« O AT
TNF @ converting enzyme (TACE) 2 X b 1
REA SEEBI SN, —ERISHIRE Fcg 3
AT EPMONT VS, TNF o 13481 3
W OZEEEAN L CHIlBZ RIS L, MMP-1, 3,
COX-27% CRMMMPL RIECH b 2 WHE ok
EZRT. F-MBERET O P75, P552%54k
SEERMICW S TS TNF S84 LT
TNF a« ORERF L LTiEET 5.

I. TNFEZOES

9% TNF o $ifk % v Tl TNF o % 854k
TAHHEL, Vavedr VR ER LT
“BLY” ZEE (decoy receptor) & DA
LYWL FEFEEEE LT 0N
7.
1. £ 7Y% ¥<7 (infliximab)

9L TNF o PHIGUE O R Ci1d, By o3
7 DHEZROTUHENELRD L., ZokndE b
TINFa 327 2508 LC/ER S L3
EFTNFadifk (120270792 G:1gG)
DVHIR (&H0R25%) 2L, CHims e
FIgGIRBRLZEFASHK vy 3y~
7) BRREENL Z OHEIZER TNF o o
T, MRS O BERE AR TNF o« 0854k
S 5ITH TNF o BEAMNL % B34 5 M % 3
DIEFRELFYTH S, REERS S+
A TR DD BIMFERE T, Hik A S
AT % B LU CHRZ R =¥ 2 720,
AN MLFEH—1 (MTX) 38 CTHF A 5 5
PUREEZMBIL-2 25, MTX WMER+5
BN 33 TR 7% BRERAD S & B SR SN A)
RERLED. 50tk 34ELH O MTX k8
RABEIINGTLEMIX &4 V7 %3270
PRHEBRE OB (Active Controlled Study of
Patients Receiving Infliximab for treatment of
Rheumatoid arthritis of Early onset (ASPIRE)
study) 2#i#& &R, ACR20, 50, 705
MTX &4 Y 7Y%y ~T 3mg ke BrIRET
TNENG62.4%, 45.6%, 32.5%, BOMiREE X
A Y7V THABTIRIZEAITIH S
L) F—IBPRFEEND, Z OBANIEE
CEIPETOWHRE 6 F2fBL TS, PR
ABADOBBIIIHEEITKE L, K0 RA Bk
Bez—E &g/

2. TZANVET L (etanercept)

TYRNVET MR, BEFIFHICAERSH
222D P55TFEe b IgG @ Fe #4531 5F
PoEBMES VN ThE. TNFa & TNF
B DOWHE 2 HET 2 MAHIUREA L 138 % 5.
TYARNMET D MTX #5205 E LTE
NIz B R AR S v 7Y, Trial of
Etanercept and Methotrexate with Radiog-
raphic Patient Outcomes (TEMPO) RERIZ B
W, DMARD IZAJE® RA BE (R140% 12
MTX fEREE) 1 LT, MTX itz ¥ 2Lk
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7F$ﬁ,MTX+1ﬁ$W%7Fﬁm®3ﬁ
DHBDITDNI. MTX Bghc60% o i
BT HEBIE AT OWEI A & n, ¥R
T T BETIE68%, WHHAICI8% .
L ORMABBE S NY, B RA B
%%&att@ﬁﬁm,l&$W%7bﬁﬁﬁ
& MTX ﬁﬁ?ﬁi’ﬂi@éﬁﬁﬂ'&iﬁ@iﬁﬁiﬂlﬂ?ﬂﬁ%ﬁ
BEgISh, 6% 1 SEHR DY F S A
&, MTX R, 25mg DL¥ 3+
T MERABTREZRICAR , CORRIF 24
BOBRBEL Y. HRAYIZ b RA sk & L
REIIERE. LT Y BAE CTOHBBBES A

EEMS T, AR ECHHTIECS 2. ,

3. 7V A< (adalimumab)
77U A< 73 phage-display $:% v THe
REN/-524e VUK TNFqo £ 7 a—F)
ik (IgGl) ThHs. ¥ RNt | &Rk
HBES, MTX & OBAOWTh b A
PREINTVE, & DRANTIIRBFHIR 3 421
PO MTX K#t 558 RA BHEE MTX B, 7
7V A~ T40mg WEER TR 58, DR 5
TTHRZBREL 7~ Early treatment of
Rheumatoid arthritis with adalimumab Plus
Methotrexate versus adalimumab alone or
Methotrexate alone (PREMIER) RERDSH 4T
H5. 1, 2%%B0O ACRREBEE, 741 A
<7 - MTX ﬁmﬁ'ﬂi%h%“h@ﬁﬁlﬁblm
BLTARIERTY . 24550 Bims
bMTX +7 7Y av THHARCTHEBRII RV
CEPEHSNTwEY, = OBz M
WL 5EDF— & JSHEERAE & N7z, Ao
BNERD TS, 20084Eh 5HES T2
B EmFEES), 2 WIS — B DR TS
ThY, HOEHIWRTH 2.

II. IL-60 RAREEICH 1T 515

IL-6IX BRI E P RIE s, Fs DR D1
B - SALOREB % LR T 294 b4 Ve
H%. RA Tid IL-6DBFIEA: S35 BT % (e

b %b. RA BEBIEMEIC S T, IL-6i3H
%%ﬁmw¢v7u77—9#6ﬁﬂuﬁié
N, HORERGEZHAEL, v M FEF
ZiELoEday CHEOBEAICESE L, %
MRS 2 1R Ui s o jg 3 Fl&Rd, m
BWEMBET (vascular endothelial growth
factor : VEGF) pt:ggilins e, BE BRI oD )i,
BHEZRET S - &%, TNFq EWHWL T
MMP-1,-3D A% HE L, =& . R 2T
bEEZ NS, IL-6 DR B BLIE AL Ve 13
HENZ DT RL, GEF R e
IL-1%® TNF & i #1c receptor activator of
nuclear factor (NF) - x B ligand (RANKL) @
RE WML, BRI 2 351k 59, %7,
IL-6 D5 WINVEH 12 ‘¥, IL-1® TNF, Para-
thyroid hormone-related protein (PTHrP) &
DHELER DB 5. IL-608H 12 > 7> i
RADEWEr B wr L2z bha, —
ﬁ,%%ﬂuﬁwfu,uﬁuﬁﬁ&ﬁmﬁﬁ
RASCEBEBREZESRIF1E,Y TZ& <, B
KRR L, C-RUStES v o2 (CRP) #lfiLi%
TIVAFALREDBUM S VA2 Dk %
Ry, F7-, RS PE S R B i o R
WEbEDNLY. IL-6 RN L2583 L
TWw5 GPI30D 2 4% & IL-6, IL-6W] =2
BhD 25T Torkka LT, FEH 6 Bk E R
BTaZEicky VIFNVEEZ S, N
KRALZ IL-62 84k B L TWHEEZE
O X TERTREMICH S L XhTn
5,

V. IL-6fEZ=%:

BUTE IL- 6 kH &1 HETHEEIW:L M
Jﬁuﬁ%ﬁwmw,b902v7u%muﬁﬁ
L&m.b90277uﬁﬂm£§§¢

(IL-6R) & WM IL-62 % th (sIL-6R) @
Wﬁ@ﬂﬁ%ﬁ%ﬁ%%%?%tb%%/ﬁ
H=FVHET, IL-60E% BamiclEs
4. b MRIZE D FWMAIES, Hvo KM
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ZITo THHMPEIHBE LIS WESS D
D, YUY AT DM IREDHER S N5 R)
Ti, CRPRIMET7T IO FALZREDEEM ¥
YR BRECEFEILTEZEIRERLTY
%10 IR, O, b by LT
BEERT27-0ICE MY AYT% 8mg /
kg RERBZ 4B LIRS TIHEHENS
EI Nz BEIEE LTt (Study of active
controlled monotherapy used for rheumatoid
arthritis, anIL-6 inhibitor (SAMURAI) REx)
BERHTHAH. %KD DMARDs B IC I
N, PYUASTHHABECTE 1EBICEEICH
B O BT IHIR R AR S h 72D, IL-6
BINF L RLBIEHEHFET A2 L5, TNF
R AR RAEBNS K B BRI S h B
A, REWD S TNF HEE L ot c
&%,

B b W

PRI L) REBRICX 2BEBEIEEED,
RA Ui # IS AR 2 70 FRERIT N 2 B8~
LB LODOH B, MRFTHGHHFTE BT,
B BAYE R 16D L T 5 AHEDHIZTE T
Ehwv, L2L, 49 RABHRLTREBDOWRT
Bawv, 4 ary ba—VTELHEARELRY
D0H 5. EBM & LTOENMEIBEL ST
A % A DREFNTH LT risk & benefit D3
GV ARPRLUTHERTIIE, EES LwigE
HMRPFCEIRBELE o7
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9o RADFIER IO TIHARBI % 4% < WRIETRE 2 IBBIES RO Do T
WRWZ EBHEETH B, EK%LJﬂ%@#ﬁﬁﬁ%@@#ﬁkﬁ%%@@%f
EEMBEAPE CH 5 HLA (human leukocyte antigen) & & |25 H & M 7-R410
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WKESHTEL2>Twa,
VA I Y &3 BHKT, NS EHEEIC K D,
Oav=—fERF (colony-stimulating factor)
@A T (growth factor)
QOREHRGHYA P h 4 > (immuno-regulatory cytokines)
ORIEEY A P4 (proinflammatory cytokine)
OURIEMY 4 Py 4 > (antiinflammatory cytokins) 72 EDOHIE T
WKaEE 3 (1),
i%ﬁuﬁmfu,Wﬁ®£&%§ﬁ®#4Fﬁ%VﬁiﬁﬁEKW%Léi
:tKiof,ﬁ%bﬁ4>iyb7—7%%&tfméo&%Tﬁ:h%ﬁ4
Fﬁ47$vbv—ﬁﬁﬁamﬂ%ﬂﬂﬁéhfﬁb,ﬁ%ﬁ%ﬁ%@mmﬁ%
BT ICHIE R L RETHE L2 5N s,
Ch%ﬁ4Fﬁ4Vﬁ%%%fﬁ@ﬁ%%?%ﬁﬁ%@ﬂ@%#”%ttKl
Uﬁﬁﬁwﬁw,%%ﬁﬁé,%%%Kﬁ%%%@@ﬁﬂ%ﬁ@%ﬁﬁﬁﬁ¢b
B REE R LCTUBD, INF-o, IL-6, LTRSS WD SHEWS 1 by A >
HRADRIRICHE S b B DI B b & S, BB & LC L < 416 fLTus
o HEIREHEOWIEIMMPAREL T2 Fasr7 —w (BB HEEER) %, #
RMWETHBLTURY 752V (PQ)Es, &5\ it V=9 F 1 A NOBEESE

R YA Mh A OMEESE
znuztaﬁﬁ~ﬁm?ﬁﬁuk%wv@ao%ﬁcu#«bﬁ{»@@gugﬂchkaﬁ@ﬁg<,bpb
BVCREE S5 T8, 2 CHERLRRISEE BT 5 ADIBRTI0LS CHEICAEL CH5,

GM-CSF(%E*‘.E?—? 787 p7—JC8F)
G-CSF (FRIRCSF) A
M-CSF(¥ 207 7 —YCSF& 3 L\ 4 CSF-1)
A-3( ‘/5’.-*13‘(‘\"?-3) .
ITYIAORIF>

| PDGF (Mf/]MRESRIETBRF)

| EGF(ERERT) - - .

| FGF (iRt Sr i mem-7) ,
3TGF£(F5>Z7#fS>7ﬁﬁ®?ﬁﬂ'
ODF (& #ifa s +EF) -

FN-y (12 8—7x02ey)
11L-2, 4, 5, 7, 9~18) -

| TNF- o (B EEE T« )
IL'1, 6, 8 '

L1Ra(f > 4 —O1 %1287 49
2N

IL-4, 10, 13

OPG(F XFF7OF4# 1Y)

(BAY G2 F2R4R 1 Y97 F AP, 51288 (B AZE). BAY 93 F%4, 2003, P 67. & i)
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ﬁ%ﬁ%mﬁ:éﬁ%f@éﬁ,:ht%%ﬁﬁ%%bﬁ%wﬁ%<##béo
Imw%%ﬁﬁfﬁﬁa<%ﬁ%m%ﬁ:¢mmﬁwmfé%xim4Fﬁﬁ%ﬁ
#  (nonsteroidal antl-inflammatory drugs ; NSAIDs) &, $RiEiE S L ¢ S IETE
B - BRETSS % MRS B B BB Y v v 73 (disease modifying anti-rheumatic
m@aDMmmwﬁi%?%otom<mm6n5xbbv#k~b@ﬂm%,
D7»/SFﬁTM%%@WﬂK%%%%ET%O&7UUAXETM@@%%%
%k%%Kmﬁ%Kﬁ%?%%&%ﬂﬁ%ﬁi%wﬁﬁééo~ﬁ,mnw%@
ﬁm@%@:w%ﬁﬁ%%bﬁ%?@@%%%ﬂ?%:tﬂib%ﬁ#%o%K%
ﬁ&tiﬁﬁﬁ4bﬁ4>@%vbv~7%%mtfﬁb,@%%Kﬁwf%%
%ﬁu&woﬁﬁﬁﬁwﬁﬁf%of,@%%Wﬂ%m@<%4bﬁ4ytﬁﬁ
%K@(%%bﬁ4y@n5yxmﬁmﬁﬁ%@&5tﬁ%éhfwaouaA
ETNT®ﬁ4Fﬁ%yﬁﬁﬁﬁﬁm%%T%tEbnéﬁ,%E@ﬁ%@::
ﬁ@%ﬁﬁ%%bﬁ4>&&uﬂwﬂatmm,Ei@%%%ﬁﬁ%4$ﬁ4y
(& CRIL-17) i fe o TSI 5,

| BEIESERT-o (TNF-o) DBIEIRIC B 2@ = )

tmEau,iﬁ,77u7?—v,Uymﬁ&@#e%Mh®%%W&Lf%¢
éﬂ,wmmwﬁ%ﬂ%%wuﬁﬂ®ﬁ4%w4yatf%wﬁﬁwﬁﬁm§§%
k%ﬁ?é:&@%%&é%%%ﬁ%%%?oﬁ&%%ktfnmﬁﬁﬁﬁféo
Cmpauﬁgﬁﬂﬁ%ttfﬁééh%oE&énﬁmﬂa@k%ﬁunww
converting enzyme (TACE) {2 & 1) #HHaIEA & U < n, —8H(BE51~2%)
u%ﬁﬁim%iéitﬁﬂBﬂfwéo_ﬁﬂmﬁuﬁ%07$F$&7tl
wnfwéo%i%KWWEatﬁﬁbtﬁﬁ%%o&%i%h%ﬁ,ﬁ%%u
B BERICOVTIRBEL TR,

TNF- o 28K 1E 5 FBE55kDad P55 (TNF receptor<TNF-R>1, CD120a) &
7&%@WMﬂWR&C®M%NﬁEﬁﬁ@EL,mfﬂKWmEakﬂWﬂ@
m%ﬁ%%L55°M@&§ﬁmwaP%%@ﬁ%ﬁ%%tw%énW@WmF
%@%kLfnmmwﬁﬁw%tLf%%?&ﬁ%@ﬁﬂmmwﬁﬁﬁiﬁﬁ%
%&K##b%%f%%%%ﬁﬁ%ﬁﬁmf,ﬂWmﬁ@%ﬁﬁm%@77U7
7—9#Bﬁﬁtﬁiéh,%ﬁmmﬁﬁ%m%ﬂ:L,%&%%%%é@%o
'mmau@ﬁmw&E@%%M@%ﬁ@%@%%ﬁLf%@%%ﬁL,m@4ﬁ,
mma&B&%&%?%ﬁm##b%%gwﬁé%ﬁToé%ﬁﬂwumwmm
activator of nuclear factor (NF)-kB ligand (RANKL) DR R L, & MRaD51b
&ﬁﬁwm##bactﬁﬂenfwaoW%mm@ﬁﬂ&%ﬁwuéﬁﬁwﬁﬁ
RIEE GBSO B - BRNOBRE & % 5 (1), B HETNF- o PR % Hv
TE%N@m%ﬁﬁ%T%ﬁ&t,U:VE%VF%@@%W@LT,:@B&
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1 TNF-o OBEERICH T 3 45H

metalloproteinase (MMP)
TNF-o BBIETRDORIE « BRI h D DB S

Bprointt t kineTd %, {ERILI LR
Uproinitammatory cytokine © o TN : . AN
HTRIMRD TR T ORBICHRT 5, M-, GM CSF “r
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v gkl
HERD

BEET
T

| copmica

IL-61 RIEIEE 2 SIERT, T4 OB OB - SLOREi 7 &ie BRT 544
MAA Y THDo RATIEIL-6DBEBEEIFREERE 0 b 5 RAEE IR
KRBT, [L-6IEBEEEMISC~ 2 07 7 — Vb5 @R I- i X h, HORER
JBEHEL, V< b FRFRBO LT3 HOHAOEEICES T2 —5T,
RIEMBREBER UBEROBEZF SR, MR BIEET (vascular
endothelial growth factor ; VEGF) DEEA:FHE A 5, BIREIED &5 AR T
52 &R, TNF-o LI L CMMP-1, -30BEELHEL, & - KETHETL L
TR HN%o RAIZBIT BIL-60 1 B4 B 8B 88 0 T RARE 1/ T, BRI
BRES 2o IL-6DOBLBMBIEMALVE IZEL 2 b D Tid 72 < , B IRk
T, IL-1°TNF & FFRICRANKLO SRR 2 85 L, BRI % 54 29, 7,
L-6DFRI/ERICIX, IL-1%TNF, parathyroid hormone-related protein(PTHrP)
LOMEERDRBOOLNTEY, IL-6RRADEMIBY B S 2 L2261 5,
W%M%@ﬁﬂkﬁﬂ%ﬁm&%&&@ﬁﬁiﬁﬁéo“ﬁ,%%ﬂﬂﬁmf&
-6 BIEIE I ) RACBBRBEE SR TIE0 0 T <, FRMIRE I L,
Gﬁﬁﬁ%é«&ﬂ?ﬂ%?iﬂ4FA&E@%@%%E@EEE%?Oit,ﬁ
PRI ) BEREENOKE L b \Vbh 29, IL-6ik4lE KHEBELTWS
Gmmmmﬁ%tmﬁ,m@ﬂ@ﬁ%@ﬁm%%?foﬁ%%bf,é%%i%%%&
THILIEY YT FNVEAER B (H2) o MBI E ST L 2 IL-6 5241 ol L
THEEZEROBIIL, RATIBMICHL L ShTns,

BLERS, 23 )IL-6DIlD RAREOSZIZE < = & %5 LT, HMIL-6%&
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X2 IL-6DY JFIViEE
IL-6 & #pEfE LICRIEB 4 5GP130 AAMIL6L % ;

YFEIL6, IL-6ERED2S P it €
PEBTFEILG, ILORBMD2D W il Dbt T4 — (sIL-6R)

FEONBALT, AEt62Hh% (IL-6R)
BRI &L TF N ER

A%, IL-6RBRFICEAANSE
HREBREEUZRENV H DY, 7
BURREIBMAICEHEEAT
Vo,
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e AR
—— MR

D A
BND Y T HIVEE wp ERIEHES MRa%
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| SBTREEY 1 ~OA o SRR i

p

PESRCDARE AV /X — T B A% 141 LBAE CThIML & The IS & X XN 2 o
DHBLFEICHMET 5 2 &, ThAECHORBEEESACEET L E2 0hTx
7zo MERMBERGEGY 1 bh 4> CTHBILY, 4, 5, 7%1FN (interferon) - y 3%
FUGICHELCTY Y SBkP S A S h, RBEBERTHLTVS 2 L3 e Ty
720 B ICIL-4, 1L-10, IFN-y % S HEGAMIIC S fEH % b D0 0 Th1mp i
IL-1, 2, IFN-y, TNF-« %, ThoMIfi3IL-4, -107% K% EEL, BWIZ205k
ERMEILTWA I WL E o Tz, 38, Th/Th2M L4 — Ttz o
HEDMIMBED /ST ¥ A2 X o TA NS —THIBAS RSB S hCu b 22 6 h
Tz, LrL, ZOThUTh2Mift4 ) — 2 C, SE4EThITHIE OFEAE A &
PeRY, COMBESECREEECBREIC BV CEERBE SR LTV
CEDHB LD, COTMTHIAEL L CO0BIL17TH 5 2 L b b, Kk
IL-1TANEB 2 DL L E o7,

IL-17353FE20kDaD R TF FALBHENEKFEF 4 v —DEHE T, 618
BOfamily 2 B L T2, B IRIL-ITA~FERE SN TVD, & D% A TIL-
17TAEIL-1TFASThITHIBE D S W K B, BIWERTIE I T — 7 L FEEH %
(collagen induced arthritis ; CIA) E 7 )V CIL-17TADKIE - I X 0 TR 28R EEAL
SNBILDh, BERICBYAREIEESNLI Lo, © b D EaEI
TOHRE CTIXRYES TIL-17A L TINF-o D LASEHTH L2 &, —F, iR
BITRIL-1TAIIIZ CIL-17% ¥ ERAH SRS, b b BB X116, 1.8
BEDHA A4 VFWERET S LML TV B (E23),

PAE 13412 b RANKL/RANKRIZ & 2 B B MBSIB AL b 2 & & 258 & A
EEINTVD, IL-17IXBE R DRARIC BV CINF- o, IL-15 FFMICH < 5655
HHY, BEMERT MDD EELLNTVD, SHIL1TE I b b
BYA ML R LIRS BR S LBDE L AT RSN D,
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S— IL-1, IL-6
%, & <\CERETmE & & oo te x|
EnnDD T ENRS 7 23, IL- \
/)‘ttf” /Aﬂift ﬁ#‘n m H
yeloid DC @
MELTEREED S & /' IL-6, IL-15, >
30 o feo L1712 B TGF-8 TNF, IL-18
7w ~hhH ot
Ai,.,b.b b%ﬁﬂgﬁgt th \\l <« IL-21 macrophage
EEiR45|2BCTEE
BAFAI—2TH5, T /\ ‘J
IL-27, IFNs IL-17 IL-1, TNF,
IL-21 M- CSF

(328 & v )

REBROEE LR EIRIE L BIREEIERL, B
EIEEDREICED L&, ZOBMEICIFY A M
A VRO DD ENHSHERK D> TI TICA
L TNZEAREICIDA UCERIFRARB THEE
LLEEZEBS Ulce ULDL, IRTORERIIC
DIFEEHRDBIESTNDDIF TRV, SDA
BAOHENEOBHEEE, SHOA[EEEZER TV
DT NIEIE B,

B RAEBODSHE B -

osteoblast

$k'm'¥ﬂlﬂﬂ

LRI & S 1K R IC L DBEII ==Y, RASY)
BESIEL S FAENICH T DRBENERLLDD
5D MROTDEHFCEDE, RN ICRIYERTA
HETIHIEHEDHEESTETER L. LHL, S
RAIRU CINADKR Tl +9cay hO—)L
TEDRALIEDDDH D, TBEF UL TSEDRAK
BEEZXDIAT, SPYA MoV ONEFTE
RIFBHDELEDDDHB,
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BIET Y v~ T OBEEEL 2 DO, S O
SR IND. HEEEEOSHRELKEHkET
b, D2 ODHPIEBMFEETHISREDY,
AR BRI, BEICEL. SHEARE
TILHEGE L 721 i bare area’z £ 5 DX X
AR E VD T THMMBICRA LERIY - fi
THRIY. BEREBRINONT v 2GR
EORBLRELBRVTCHIEICI Y Pao— L &
n, EEERFRBEF-FIHEESRATnE, —
7, BRI T H B ERERH T ERER
BEERLZECTRRIMEESE L EA LI
FEMEMETNABEPR L LMo nT
Wh, B YT T 30 E MO EERE L
EEEMRERT O SR T REWERTH S,
BRSNS I BAE Y v v T — At
BHICALN BB L L EHR SN, ETHITIEHK
BTEOWE, BRINCEISL. BEY v~F
R V3 3 B U 5  D BE 2 NPk BIE 1tk
1t5% 24K (receptor activator for nuclear factor-
kB ; RANK) JJ % > FF (RANK ligand ; RANKL)
OB L HAFE L TV 5. RANKLIZAE
HIAEDOWEHALICERE SN/ ZRANKE AT 5

Z LS L DRI - EIC b B
TEHACH BN E 2RI L, (B o 12
BT A, T X ) BESEFOSIEmECE
4. ZORANK/RANKLIZ & 3 3 7' S 30
BHNAHER:, EHALCVETH L DS, ShE
ET L0 TN 2 BHHEIREE b, 2o
HIZBRS S L7z ODHRANKLY{&denosumab
ThHb.

BIET U 9~ F TOBEMEELE(L

EFRETOFR)EFY 7%, BEMC X
B ERIE BEMI L 5RO v 7Y v r
IR SN TOS, i, BRI 22
BN O MEICEE L TR Y, BEMas X 0gs
MR & 72 2 FERER 2 M BT (basic multicellular
unit ; BMU) Ti3, B ORE & M2 T
DR=ZATITON TS, BYEF) v 73,
WeEas & OB IENIADE A LRaE, SR,
BMU#, S-bifasis ElELTwa, s
V3T, BHRELZ LORETIIZOE) 25
VY TEBICRERE L, by Ty Ihkb
NIIRREL EHTEX B,

RANK—RANKL ¥ 2 7 A 35k B HIRa O TR,
WAEB L CEFOBEELAHRFTH2 (X 1)L,
T, FORBPEHITINF-0, IL6% & DEFEME
A LIA L BREEZT AL MR
TW5, BE I B R m s R b & sk -

* RA therapy with denosumab.

** Naoki ISHIGURO, M.D., Ph.D.: & B KF AR E L RIS RS G SR 2 T EE) - TEREH B R BT
H1# (2466-8560 2 T B IRAIX #4807 65) ; Department of Orthopaedic Surgery, School of Medicine, Nagoya

University, Nagoya 466-8560, JAPAN
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1 BEBEMEAE, EHEERANK/RANKLO 4 b b)
BE ) o~ 7 BETHEEMEE I3 Lo & LTRSS O T U > o5k, B
MFLICRANKLA BB L Cwb. ZhtvrnTy —V/EERMa R IR 2
B AR RTBRAIAS R3S B RANK & #5492 = & 1= & D BRI ML 5.
R MBS LB DIEEAL - 712k 5T b RANK/RANKLO# A X AETSH 5,

Y7 U7 7 = VRIS U BB M BT ER A
ERTHMETHEELSRTVWS, TNFR —/5—
77 3 —IHET B ARIE R T HRANKL
BRI 3 723 BB MIFIRTER A _E ORANK &
&L THEMIE~OMEE T F 72 i L
IS IS & 35 ML L C BRI A R 5 2
BRI DM, THHACIRE 1L BRI s
5., L72Ao T, RANKLIZ B IN D Fo 124k .
BREDWEES -7y Mo TV 52,

BIEi Y U< FBEICA DN D& SRS
LB R RIS S LRI BT 25 E
HBAREROKETHS. BEATETY
NEREFE LD ET 2 BHEOMILHRANKL % e
THI LI DB MMIE AL, B
BB B v FihEE B DTNF-o.F 721311
6BAEJE 13 RANK/RANKLO & LI % 4 ¢
BAMB WIS & L p 2 2. [
iR < F TIITNF-q, IL6MEEREDEEE L |
f@ﬁﬁﬁﬁ%%#t&ofméﬁ,:@w%
ISR R X 2 BB & B R
BRI L DUBES £ DAL D 5 2 & ASED
CET 2. Thbb, BUROMIXAIE Lo s+
% DMARDSsH IS EH97: RANK/RANKLITSI)

REDLVDT, BIEK L L OJEEREE S+
S S N7-RBB IS B C b B R SS g AT
AUREMNEZ Sh 5, —77, TNF-ofiE# 38
IRIENATS 2 1B & 3B TNF-odkAE 1 DRANK
RANKLOWERALZHHITE 2 2 L 5, KRR
REDYHE L total Sharp scorel {45 & 12 BIFiE
BOTRMIRICHB SN L1202, Zhb
DR Z N ENEEORES, S bES
b. BELH EMTXcftE s NBHERDDMARDs
THIRRE L 2 5 2 VWBEOBREADE
FETHEBIEISEST L, TNF-of S ezt
oY (X AT s

Denosumab & |3

Denosumabid, &b FEE ) # o —F Ui
#(Ig-G2)Th 2. 1gG22 52 THL 13
DIBEDEHEFEECEET, BFMEEE IR
HENTWBRANKLIZ Z OHifbhss e L & L
THHREE LR LI wEME b, -0
MRS RSEEIC L 23R LT - CERR S
IH LI CBE VI FISICE®ATS, & FRANKL
LHETHAZLICEVARMF A7+ 7054
'J >~ (osteoprotegerin ; OPG) PEEF AR



