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Monocyte chemoattractant protein-1 (MCP-1) is a chemokine that plays a critical role in the recruitment
and activation of leukacytes. Here, we describe that multinuclear osteoclast formation was significantly
inhibited in cells derived from MCP-1-deficient mice. MCP-1 has been implicated in the regulation of
osteoclast cell-cell fusion; however defects of multinuclear osteoclast formation in the cells from mice
deficient in DC-STAMP, a seven transmembrane receptor essential for osteoclast cell-cell fusion, was

Keywords: not rescued by recombinant MCP-1. The lack of MCP-1 in osteoclasts resulted in a down-regulation of
&Sc(;‘_’ldm DC-STAMP, NFATc1, and cathepsin K, all of which were highly expressed in normal osteoclasts, suggest-
Autocrine/paracrine ing that osteoclast differentiation was inhibited in MCP-1-deficient cells. MCP-1 alone did not induce
DC-STAMP osteoclastogenesis, however, the inhibition of osteoclastogenesis in MCP-1-deficient cells was restored

by addition of recombinant MCP-1, indicating that osteoclastogenesis was regulated in an autocrine/par-
acrine manner by MCP-1 under the stimulation of RANKL in osteoclasts.

© 2009 Elsevier Inc, All rights reserved.

Osteoclasts are multinuclear cells derived from hematopoietic
stem cells or monocyte/macrophage lineage cells [1]. Since osteo-
clasts are unique cells responsible for bone resorption, the control
of osteoclast function or differentiation is critical to protect bones
from bone diseases. Osteoclast formation is highly stimulated in
destructive bone diseases such as rheumatoid arthritis (RA), multi-
ple myeloma and bone metastasis [2-4}. Macrophage colony stim-
ulating factor (M-CSF) and receptor activator of nuclear factor
kappa B ligand (RANKL) have been reported to be expressed in
osteoblast/stroma cells [5,6], and described to play a pivotal role
in regulating osteoclastogenesis through their receptors, c-Fms
and RANK, respectively, which are expressed in osteoclast progen-
itor cells [7-9]. Various factors such as vitamin D, PTHrP and PGE2
were reported to indirectly stimulate osteoclast differentiation

* Corresponding authors. Address: Department of Orthopedic Surgery, Keio
University School of Medicine, 35 Shinano-machi, Shinjuku-ku, Tokyo 160-8582,
Japan. Fax: +81 3 3353 6597.
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through the upregulation of RANKL in osteoblast/stroma cells
[6.10,11], however, the existence of an autocrine/paracrine system
that stimulates osteoclastogenesis remains largely unclear.
Monocyte chemoattractant protein-1 (MCP-1)/Chemokine (C-C
motif) ligand 2 (Ccl2) is a chemokine that belongs to the CC chemo-
kine family and plays a critical role in the recruitment and activa-
tion of leukocytes during acute inflammation [ 12]. MCP-1 has been
shown to play a critical role in the pathogenesis of arteriosclerosis
and other vascular diseases by recruiting monocytes into the arte-
rial wall [13]. MCP-1 has also been reported to be involved in
osteoclast differentiation [14-17], however, studies of osteoclast
differentiation using MCP-1-deficient mice have not been reported.
Since MCP-1 has been implicated in the cell-cell fusion of osteo-
clasts [14-17], and MCP-1 family ligands share multiple receptors,
it is possible that MCP-1 binds to an unknown receptor to stimu-
late osteoclast cell-cell fusion. Dendritic cell specific transmem-
brane receptor (DC-STAMP), an orphan seven transmembrane
receptor, is essential for cell-cell fusion of ostcoclasts, and
DC-STAMP-deficient osteoclasts show a complete lack of cell-cell
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fusion [18-20]. DC-STAMP is highly induced in osteoclasts during
differentiation {18,21] and is a direct target of NFATc1, an essential
transcription factor for osteoclast differentiation [19,22]. Thus
osteoclast differentiation and cell-cell fusion are both regulated
by the RANKL-NFATc1 axis.

In this study, we describe that among MCP ligands, MCP-1 is
specifically expressed in osteoclasts. MCP-1-deficient osteoclasts
showed reduced multinuclear osteoclast differentiation and
downregulation of NFATc1. Recombinant MCP-1 did not restore
defective osteoclast cell-cell fusion in DC-STAMP-deficient cells.
MCP-1 did not induced osteoclast differentiation in the absence
of RANKL, whereas inhibited osteoclastogenesis in MCP-1-deficient
cells was restored by recombinant MCP-1 in the presence of
RANKL. Taken together, these findings suggest that MCP-1
expressed in osteoclasts plays a role in regulating osteoclast differ-
entiation in an autocrine/paracrine manner under stimulation by
RANKL.

Materials and methods

Mice. All animals were purchased from Japan Crea (Tokyo,
Japan) or born and kept under pathogen-free conditions, and cared
for in accordance with the guidelines of Keio University School of
Medicine. MCP-1/~ mice were provided by Dr. Rollins ([23],
Dana-Farber Cancer Institute, Boston, MA). DC-STAMP™~ mice
were prepared as previously described [18,18].

Osteoclast differentiation in vitro. Bone marrow cells were iso-
lated from MCP-17/-, DC-STAMP~/~ or wild-type control mice and
cultured in ofMEM (Sigma-Aldrich, St. Louis, MO) medium contain-
ing 10% FCS in the presence of 50 ng/ml M-CSF (R&D, McKinley
Place, MN, USA) at 37 °C in a humidified atmosphere of 5% CO; in
air. After three days of culture, M-CSF-dependent adherent cells
were harvested and cultured in the presence of M-CSF and RANKL
(R&D) as previously described [18,19]. In some experiments,
recomnbinant MCP-1 (R&D) was added to the culture. Osteoclasto-
genesis was evaluated by tartrate resistance acid phosphatase
(TRAP) staining as described [24,25].

Microarray. Osteoclasts were formed from osteoclast progenitor
cells isolated from wild-type mice, and total RNA was extracted.
Oligonucleotide microarrays (GeneChip Mouse Genome 430 2.0
Array, Affymetrix) were used to monitor the relative abundance
of transcripts.

Real-time Reverse Transcriptase-PCR. Total RNA was extracted
from cultured osteoclasts using an RNeasy kit (Qiagen GmbH, Hil-
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den, Germany), and cDNA was synthesized using the Advantage
RT-for-PCR kit {Clontech, Mountain view, CA). Cathepsin K, DC-
STAMP and NFATc¢1 transcripts were quantified on ABI PRISM
7000 (Applied Biosystems, Foster City, USA) using TagMan probes.
GAPDH was used for sample normalization. Applied Biosystems as-
say IDs were Mm00484036_m1 (Cathepsin K), Mm01168058_m1
(DC-STAMP), Mm00479445_m1 (NFATc1), and 4352932E (GAPDH).

Statistical analysis. P values were calculated by the unpaired Stu-
dent’s t-test.

Results

MCP-1 is specifically expressed in osteoclasts and plays a critical role
in osteoclastogenesis

The expression of the MCP ligands; MCP-1, 2, 3, and 4 were ana-
lyzed in murine osteoclasts by GeneChip analysis (Fig. 1A). MCP-1
was highly and specifically expressed in osteoclasts. This result led
us to analyze the role of MCP-1 in osteoclastogenesis.

Osteoclast progenitor cells were isolated from MCP-1-deficient
or wild-type mice, cultured in the presence of M-CSF and RANKL,
and osteoclast differentiation was evaluated by TRAP staining
and May-Gruenwald staining (Fig. 1B). Multinuclear osteoclast for-
mation was significantly inhibited in MCP-1-deficient osteoclasts
when compared to wild-type osteoclasts (Fig. 1B and C).

MCP-1 did not rescue the defective cell-cell fusion in DC-STAMP-
deficient osteoclasts

Since MCP-1 was reportedly involved in osteoclast cell-cell
fusion {14-17], MCP-1 was added to the culture to analyze
whether it could rescue the inhibited cell-cell fusion of
DC-STAMP-deficient osteoclasts (Fig. 2). However, the complete
lack of cell-cell fusion in DC-STAMP-deficient osteoclasts was not
restored by the addition of MCP-1 (Fig. 2A and B). MCP-1 did not
induce cell-cell fusion or TRAP expression in wild-type cells in
the absence of RANKL (Fig. 2A and B).

Osteoclast differentiation was inhibited in MCP-1-deficient cells

Since osteoclast cell-cell fusion is induced at the terminal stage
of differentiation, the expression of Cathepsin K and DC-STAMP, a
terminal differentiation marker for osteoclasts and an essential
molecule for osteoclast cell-cell fusion, respectively, was analyzed
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Fig. 1. MCP-1 expressed in osteoclasts plays a role in multinuclear osteoclast formation. (A) Osteaclasts were generated from wild-type osteoclast progenitor cells in the
presence of M-CSF (50 ng/ml) and RANKL (25 ng/ml). RNA was extracted and GeneChip analysis was performed. Expression of MCP1, 2, 3, and 4 in osteaclasts is shown. MCP-
1 is specificatly expressed in osteoclasts. (B and C) Osteoclast progenitor cells were isolated from MCP-1-deficient (MCP-1 /“yor wild-type (MCP-1**) mice and cultured in the
presence of M-CSF (50 ng/ml) and RANKL (25 ng/mi). After 7 days of culture, osteoclastogenesis was evaluated by TRAP staining {upper panel) or May-Gruenwald Giemsa
staining (lower panel) (B}, and the number of muitinuclear TRAP-positive cells containing more than three nuclei was examined (C).

162



K. Miyamoto et al./Biochemical and Biophysical Research Communications 383 (2009) 373-377

>

M-CSF alone

M-CSF + RANKL

M-CSF + MCP-1  M-CSF + RANKL + MCP-1

3
"5 .
Q
Q
<
i
=
&
Q
Q
B 350 ¢
% 200}
£
2
T 250 F
O
§
2 200 }
2
S 150 |
£
2
£ 1o}
L
Q
o
4 sor
E
‘5 0 2 A 1 i " i 3
3 P R 7. N Y oS o o~ ___DC-STAMP
E + + + + + + + + M-CSF
s - + - + - + - + RANKL
- - + + - - + + MCP-1

Fig. 2. MCP-1 does not function in DC-STAMP-deficient cells. Osteoclast progenitor cells were isolated from DC-STAMP-deficient (DC-STAMP / yor wild-type (DC-STAMP**)
mice and cultured in the presence of M-CSF (50 ng/ml), M~CSF (50 ng/ml} + RANKL (25 ng/ml), M-CSF (50 ng/ml) + MCP-1 (100 ng/m!)}, and M-CSF (50 ngfml) + RANKL (25 ng/
ml} + MCP-1 (100 ng/mt). After 7 days of culture, osteaclastogenesis was evaluated by TRAP staining (A), and the number of multinuclear TRAP-positive cells containing more

than three nuclei was scored (B).

(Fig. 3). Cathepsin K and DC-STAMP expression was significantly re-
duced in MCP-1-deficient osteoclasts compared to wild-type
osteoclasts, indicating that osteoclastogenesis was inhibited in
MCP-1-deficient osteoclasts. Since NFATc1 is an essential tran-
scription factor for osteoclast differentiation and Cathepsin K and
DC-STAMP are both direct targets of NFATcl in osteoclasts
[20,26], the expression of NFATc1 was analyzed in MCP-1-deficient
osteoclasts (Fig. 3). The expression of NFATc] was significantly
downregulated in MCP-1-deficient osteoclasts compared with
wild-type osteoclasts (Fig. 3). suggesting that MCP-1 expressed
by osteoclasts induces osteoclast differentiation in an autocrine/
paracrine manner.

MCP-1 plays a role in regulating osteoclastogenesis under stimulation
by RANKL

In order to elucidate the role of MCP-1 in the regulation of
osteoclast differentiation, recombinant MCP-1 was added to cul-
ture of MCP-1-deficient cells (Fig. 4). The inhibition of osteoclasto-
genesis seen in MCP-1-deficient cells was restored by the addition
of MCP-1 in a dose-dependent manner, indicating that MCP-1
expressed in osteoclasts plays a critical role in regulating osteoclast
differentiation, Osteoclast differentiation was not induced by
MCP-1 in the absence of RANKL, suggesting that MCP-1 stimulates
osteoclastogenesis under stimulation by RANKL (Fig. 4). Taken
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Fig. 3. Osteoclastogenesis is inhibited in MCP-1-deficient cells. Osteoclast progenitor cells were isolated from MCP-1-deficient {black column) or wild-type (white column)
mice and cultured in the presence of M-CSF and RANKL. After 7 days of culture, total RNA was extracted, and real time PCR analysis was undertaken to determine the

expression levels of indicated genes relative to GAPDH (‘P<0.01).
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Fig. 4. Reduced osteoclastogenesis in MCP-1-deficient cells is restored by
recommbinant MCP-1. Osteoclast progenitor celis were isolated from MCP-1-
deficient (black column) or wild-type (white column) mice and cultured in the
presence of M-CSF (50 ng/ml) + RANKL (25 ng/ml) with or without the indicated
concentrations of MCP-1. After 7 days of culture, osteoclastogenesis was evaluated
by TRAP staining, and the number of multinuctear TRAP-positive cells containing
more than three nuclei was scored.

together, our results indicate that MCP-1 expressed by osteoclasts
plays a role in stimulating osteoclastogenesis induced by RANKL in
an autocrine/paracrine manner.

Discussion

Osteoclastogenesis is induced by a combination of M-CSF and
RANKL, both of which are cytokines expressed by ostecblasts,
without osteoblasts/stromal cells [27]. The expression of RANKL
in osteoblasts is upregulated by several factors such as vitamin
D3 and PGE2 [6,10,11,27], and osteaclast differentiation has been
considered to be controlled by microenvironmental factors [27].
The induction of osteoclastogenesis is simulated at sites of inflam-
mation, bone metastasis and tooth eruption |2-4.28], suggesting
that some factors may stimulate osteoclast differentiation at the
site of bone destruction. In this study, we demonstrated that osteo-
clastogenesis induced by RANKL was further stimulated by MCP-1
expressed by osteoclasts in an autocrine/paracrine manner, MCP-1
expression has been detected at sites of RA, tooth cruption and
hone metastasis where osteoclastogenesis is highly stimulated
129-32).

The most characteristic feature of osteoclasts is multinucleation
induced by cell-cell fusion of mononuclear cells. We found that
DC-STAMP was essential for cell-cell fusion of osteoclasts, and that
osteoclast multinucleation was completely abrogated in DC-
STAMP-deficient osteoclasts [18,19]. The multinucleation of
osteoclasts through DC-STAMP upregulates their bone resorbing
activity, suggesting that DC-STAMP is a molecule expressed by
osteoclasts that stimulates osteoclast function [18]. Since
DC-STAMP is an orphan receptor, a ligand that stimulates osteo-
clast cell-cell fusion and function may exist. DC-STAMP is a seven
transmembrane receptor, and MCP-1 is known to bind to multiple
receptors such as CCR2 and CCR11, both of which are seven trans-
membrane receptors. MCP-1 has been shown to induce differenti-
ation and cell-cell fusion of osteoclasts [14-17,31}, and DC-STAMP
is reportedly involved in osteaclast differentiation [21].

Although its function was not demonstrated, MCP-1 expression
in osteoclasts has previously been shown by large-scale expression
analysis [33,34]. MCP-1 has been shown to induce differentiation
without RANKL in human osteoclasts [14,15,31]. In our study.
MCP-1 did not induce murine osteoclastogenesis without RANKL,
suggesting that the differentiation system or requirement of

MCP-1 for stimulating osteoclastogenesis is different between
humans and mice; MCP-1 might be more critical for human
osteoclastogenesis.

Our study establishes a function for MCP-1 expressed by
osteoclasts on osteoclastogenesis. MCP-1 does not induce cell-cell
fusion in DC-STAMP-deficient cells, but it plays a role in stimulat-
ing osteoclast differentiation under stimulation by RANKL in an
autocrinef/paracrine manner.
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Comparison of clinical outcome after treatment of hip
arthritis caused by MRSA with that caused by non-MRSA

in infants

Mitsuaki Mortia, Hiroaki Nakamura and Toshio Kitano

We compared the results of four patients treated for
septic arthritis of the hip caused by methicillin-resistant
Staphylococcus aureus (MRSA) with those of five
non-MRSA cases. All four patients with MRSA were
neonates when infection occurred, and all four had
preceding sepsis and marked swelling of the thigh. The
mean duration of follow-up was 5.6 years. At the time of
most recent follow-up, all four exhibited severe
discrepancy in leg length, and their femoral heads
exhibited high-grade deformation according to the Choi
classification. In contrast, in the non-MRSA cases, the
mean age at infection was 2.2 years and the mean duration
of follow-up was 2.9 years. At the most recent follow-up,
they exhibited no remarkable discrepancy in leg length and
only low-grade deformation of the femoral head. In this
study, patients with MRSA showed more marked deformity
of the hip and discrepancy of leg length because of lower
age and to the presence of organisms resistant to
antibiotics. Possible strategies for early diagnosis to

Introduction

In infants with septic arthritis, treatment in the early
stage after definitive diagnosis is a key to satisfactory
clinical outcome. Diagnosis is, however, not easy,
especially in neonates, as they are unable to complain
of symptoms and ecarly signs of infection are often
overlooked [1,2].

Methicillin-resistant Staphylococcus anrens (MRSA) infec-
tion has been increasing in frequency in hospitals and
neonatal nurseries [3,4]. Most of the affected patients
in such facilities have been premature infants requiring
intensive care [5,6]. Although osteomyelitis and septic
arthritis caused by MRSA in infants have increased
in frequency [7-9], there have been no follow-up studies
of scptic arthritis of the hip caused by MRSA. The
purpose of this study was to compare the outcome of
treatment of septic arthritis of the hip caused by MRSA
with that of non-MRSA cascs.

Patients and methods

Between June 1994 and June 2006, 11 infants with septic
arthritis of the hip were treated in our institution.
Of these 1 cases, two cases were lost to follow-up.
Therefore, nine cases were included in this study. Four of
the nine cases were because of MRSA and five caused by
non-MRSA organisms (Table 1), Of the five non-MRSA
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prevent poor results after MRSA-induced hip arthritis
include the following: (i) ensuring that pediatricians are
familiar with the early signs of infection of the hip joint,
(ii) aggressive puncture and drainage of pus from the
affected joint, and (iii) initial use of antibiotics effective

in treating MRSA, especially for patients suspected to
have MRSA in the neonatal nursery. J Pediatr Orthop B
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cases, two had negative cultures, two were caused by
methicillin-sensitive Staphylococcus aureus, and one was
because of penicillin-resistant Streptococcus preumoniae.
MRSA cases included three girls and one boy. The age
at time of diagnosis ranged from 16 tw 29 days after
birth, with a mean of 20 days after birth. Thus, all
patients were younger than 1 month of age. Duration of
follow-up ranged from 1 year 6 months to 8 vyears
7 months, with a mean of 5 years 7 months.

Non-MRSA cases included two girls and three boys.
Age at time of diagnosis ranged from 5 months to 6 years
10 months, with a mean of 2 years 3 months after birth.
Duration of follow-up ranged from 1 year 2 months to
4 years, with a mean of 2 years 11 months. We determined
the duration of time to definitive diagnosis as well as
clinical outcome in each group. In addition, at the time
of most recent follow-up, we evaluated discrepancy in leg
length on whole-leg plain radiograph and deformation of
the proximal femur using the radiographic classification of
the hip proposed by Choi [1]. Although this classification
is designed for determination of treatment, we used it for
grading of deformation as a sequelum of infection.

Results
All of the patients with MRSA were neonates younger
than 1 month of age. All four patients had preceding

DO 10.1097/BPB.0b013e32831506569
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Table 1 Results for nine patients with septic arthritis of the hip

Age . ) . ) . .

Duration of symptoms Duration from diagnosis Joint fluid Follow-up Choi

Case Years Months  before diagnosis (days) to drainage (days) culture duration class LLD (mm)
1 <1 4 4 MRSA 8 years 7 manths w8 10 (220)°
2 <1 4 i MRSA 6 years 6 months A 38
3 <1 8 1 MRSA 5 years 8 months HA 14
4 <1 5 1 MRSA 1 years 6 months HA 10
5 5 1 1 MRSA 4 years 1A NR
8 1 2 3 - 4 years 1A NR
7 1 2 10 - 1 year 8 months B NR
8 1 5 2 PRSP 1 year 2 months B NR
g [ 2 3 MRSA 4 years 1A NR

MRSA, methicillin-resistant Staphylococcus aureus; MSSA, methicillin-sensitive Staphylococcus aureus; NR, not remarkable; PRSP, penicillin-resistant Streptococcus

pneumoniae.
°LLD, leg length discrapancy, length of slongation is in parenthesis.

sepsis or bacteremia caused by MRSA. Two of the four
underwent continuous drip infusion in the maternity
hospital. At the time of diagnosis, all four exhibited
swelling of the thigh on the affected side accompanied
by lateral deviation of the femoral shaft on plain radio-
graph. The mean duration from the appearance of early
signs to the diagnosis of septic arthritis was 5.3 days.
The mean duration from diagnosis to the performance of
open drainage was 1.8 days. At the most recent follow-
up, all four exhibited marked discrepancy in leg length.
In addition, the femoral head was severely deformed and
exhibited high-grade changes according to the Choi
classification.

Of the five patients with non-MRSA disease, one patient
was 5 months old and the other four patients were
over 1 year of age. They exhibited tever, pseudoparalysis
of the leg, hip joint pain, and limping at the time of
diagnosis. The mean duration of symptoms and signs
before diagnosis was 2.4 days and the mean duration from
diagnosis to the performance of open drainage was 3.8
days, indicating that the mean duration of symptoms
before diagnosis was short in comparison with that in
the four MRSA cases. All non-MRSA cases exhibited
low-grade changes, type I A or B, according to the Choi
classification at the most recent follow-up. Representa-
tive cases of patients with MRSA disease with longer than
5-year follow-up are described below.

Case presentations

Case 1

A girl, one of triplets, with low body weight was treated
with intravenous nutritional infusion because of difficulty
with breast-feeding in the nconatal intensive care unit
(NICU). She developed an infection in her right hand at
7 days after birth, and the wound was opened to enable
drainage of pus. At 16 days after birth, she was referred
to our clinic because of elevation of markers of inflam-
matory reaction in blood and apparent swelling of her right
thigh. MRSA was detected on blood culture. At the time
of admission, severe swelling was observed in her right
thigh. Plain radiograph of the hip showed deviation of
the femoral shaft laterally and dislocation of the right

hip from its normal position (Fig. 1a). On closed puncrure of
her right hip, pus was aspirated, after antibiotic admin-
istration. On account of lack of improvement with these
procedures, open drainage of the hip joint was performed
at 19 days after birth. Intraoperative examination revealed
disappearance of cartilage on the head of the caput and
acetabulum as well as dead bone in the joint. Continuous
administration of antibiotics for longer than | month
induced subsidence of active infection. The femoral head
had disappeared and osteomyelitis of the entire right
femur was, however, detected (Fig. 1b). At 3 years and
8 months of age, the affected leg was 60 mm shorter
than the intact leg (Fig. 1c¢). We therefore attempted
to clongate the right thigh 120mm with an external
fixation device. Following this procedure, the knee on the
affected side gradually assumed valgus position and the
patella dislocated laterally (Fig. 1d). At the age of 6 years,
we attempted to elongate the leg again by 100 mm and
correct the deformity with a Taylor Spatial Frame. At
the most recent follow-up at 8 years and 7 months of
age, deformity of the right hip was type IV B according
to the Choi classification, and a 10 mm discrepancy in leg
length was observed (Fig. le).

Case 2

A male infant with low body weight, one of twins, had
been treated with continuous venous infusion because
of low blood sugar in the newborn nursery. At 6 days
after birth, fever was noted, and markers of inflammatory
reaction in the blood were elevated. After confirmation
of MRSA by culture of blood and urine, he was rreated
with antibiotics. Despite this, swelling of the right thigh
was noted, and he was referred to our clinic at 17 days of
age (Fig. 2a). On the day of admission, we performed
open drainage of the right hip. Intraoperative findings
revealed dislocation of the right hip, though the femoral
head was not deformed. Several months later, the right
hip exhibited deformation and sclerotic change (Fig, 2b).
At most recent follow-up at 6 years and 6 months after
treatment, deformation of the affected hip was type Il A
according to the Choi classification. The affected leg was
38 mm shorter than the other leg (Fig. 2c¢).
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Fig. 1
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(a) Plain radiograph at 16 days after birth shows lateral deviation of the femoral shaft and dislocation of the right hip. (b) At 1 month after birth, the
entire right femur exhibits periosteal reaction, (c) Hip radiograph at 3 years of age reveals disappearance of the right femoral head, dislocation of the
right hip, and marked shortening of the right femur, (d) At the age of 6 years and 1 month, discrepancy of leg length is 45 mm. (e) At the most recent
follow-up at 8 years and 7 months of age, deformation of the right hip was type IV A according to the Choi classification.

Case 3

A female infant girl with normal weight was admitted
to another hospital because of high fever and abscess
formation around the navel at 24 days after birth. On
account of clevation of markers of inflammatory reaction
in the blood, administration of ampicillin and cefazolin
was performed. Blood culture yielded MRSA. At 29 days
after birth, the left thigh exhibited swelling, and sepric

arthritis was diagnosed based on the findings of closed
puncture of the right hip. At 32 days of age, the patient
was referred to our hospital. Physical examination on
the day of admission revealed swelling of the right thigh
accompanied by obvious lateral dewviation of the femoral
shaft and dislocation of the hip on plain radiograph
(Fig. 3a). On that day, the infected hip was opened
and pus inside the joint was drained. Intraoperative
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(a) This radiograph shows slight dislocation of the right hip and lateral
deviation of the right femoral shaft at the time septic arthritis of the right
hip was diagnosed. (b) The right hip exhibits deformation and sclerotic
change. (c} At the most recent follow-up at 6 years and 6 months of
age, deformation of the right hip was type Il A. The affected leg was
38 mm shorter than the other leg.

examination revealed complete dislocation of the right
hip and disappearance of most of the femoral head. Pus
was drained and dead bone was curetted even from
the region of the femoral neck. Callus formation in the
proximal portion of the left femur was recognized at 4
months of age (Fig. 3b). At the most recent follow-up at
5 years and 8 months of age, Choi classification was
type 111 A and the affected leg was 14 mm shorter than
the intact leg (Fig. 3¢).

Discussion

In this report, we have described treatment outcomes
after septic arthritis of the hip and compared results in
MRSA and non-MRSA cases. All MRSA cases exhibited
severe deformity of the hip and severe discrepancy in leg
length.

The diagnosis of septic arthritis is usually difficult and
tends to be delayed in voung infants. Tt is particularly
difficult in neonates becausc the carly signs of hip
infection are unclear [1,2]. Griffin [10] reported the
results of treatment in 64 paticnts with 67 infected hips,
and concluded that early antibiotic treatment combined
with open drainage was important in obtaining a good
clinical outcome. He also reported that infants and young
children were more likely to have poor results because
of delay in diagnosis.

Fig. 3

(a) Marked lateral deviation of the left femoral shaft is noted at 32 days
of age. {b) Radiograph shows callus formation in the proximal portion of
the left femur at 4 months of age. (c) At the most recent follow-up at 5
years and 8 months of age, deformation of the right hip was type lit A
according to the Choi classification.

Choi evaluated residual deformity after treatment for
septic arthritis in 31 children younger than 1 year of age,
and concluded that premature birth as well as delay in
diagnosis and start of treatment were associated with poor
clinical outcome [1].

Recently, MRSA infections have been increasing in
frequency in NICUSs as well as normal newborn nurseries,
and have become a serious problem [69,11]. Some
reports have described musculoskeletal infections caused
by MRSA, and noted that they are difficult to cure
[12,13]. However, there have been no detailed reports
on septic arthritis of the hip caused by MRSA.

In this study, the results of treatment for MRSA-induced
arthritis were unsatisfactory compared with those for
non-MRSA cascs. Several reasons why the results in our
patients with MRSA were not satisfactory are present.
First, all were nconates whose cardlage and bone were
weak at the time of infection, and early diagnosis was
difficult because of the lack of complaints of symptoms.
Second, especially in the neonatal nursery, there are no
orthopedic specialists, who have special interest in bone
or joint infection. Third, the range of antibiotics effective
in treating MRSA infection is limited.

As described above, in our series, diagnosis was not made
until distinctive signs such as swelling of the thigh and
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lateral deviation of the femoral shaft on plain radiograph
were noted. Slight swelling, erythema, warm skin on the
thigh, pscudoparalysis of the leg, and positioning in slight
flexion and external rotation are possible carly signs of
hip infection. It is thus cssential that pediatricians be
familiar with the carly signs of hip infection and that
patients with these signs be referred to orthopedic
specialists without delay. The orthopedic specialist must
then consider aggressive puncture and drainage, identi-
fication of organisms, and corresponding antibiotic
administration. Initial use of antibiotics effective against
MRSA should be considered without waiting for culture
reports in NICU or in the neconatal nursery where
surveillance showed MRSA positive.

In cases of septic arthritis of the hip, infection probably
starts from the metaphysis and then spreads into the
joint as well as bone. It can thus cause osteomyelitis
of the femur as in our Case 1, with destruction of
the physis of distal femur. In this case, we performed
elongation and correction for deformity and discrepancy
in leg length. Operations such as Pemberton osteotomy,
trochanteric  arthroplasty, and arthrodesis, however,
might be other treatment options for hip joint deformity
as proposed by Choi.

In conclusion, we compared clinical outcomes of
septic arthritis of the hip caused by MRSA with non-
MRSA cases. Strategies for preventing poor results after
MRSA-induced hip joint arthritis in neonates include the
following: (i) ensuring that pediatricians are able to
detect the early signs of infection of the hip joint,

Outcome of treatment for infant hip arthritis Mortia et al. 5

(ii) aggressive performance of puncture and drainage
of pus from the affected joint, and (iii) initial use of
antibiotics effective against MRSA, especially for patients
suspected to have MRSA in the neonatal nursery.
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Longer Than Sixteen-Year Follow-up

Quality of Life in Patients Treated Surgically for Scoliosis

Kazushi Takavama, MD, PhD,™ Hiroaki Nakamura, MD, PhD,” and Hideki Matsuda, MD1

Study Design. A retrospective study.

Objective. To evaluate the long-term quality of life
{QOL) of patients treated surgically for scoliosis.

Summary of Background Data. Measures of long-term
outcome after surgery for scoliosis have focused mainly
on radiologic changes. However, QOL issues such as
working status and marital status are the subjects of
greatest concern for patients who will undergo surgical
treatment for scoliosis.

Methods. Thirty-two patients treated surgically for sco-
liosis hetween 1976 and 1989 were included in this study.
The mean duration of follow-up was 21.1 years. Eighteen
patients had adolescent idiopathic scoliosis, 8 congenital
scoliosis, and 6 symptomatic scoliosis. We evaluated long-
term outcome by direct interview with patients. Working
status, marital status, and childbearing were determined in
addition to clinical and radiologic evaluation. Patients were
also asked to fill out the short form (SF}-36 and Scoliosis
Research Society {SRS)-22 questionnaires.

Results. Twenty-seven patients (84.4%) were or had
been engaged in various occupatioris without marked
difficulty. Although none of the male patients was mar-
ried, 62.56% of the female patients were married. Half of
the fermale patients had delivered babies after surgery,
and the mean number of such children was 1.83. On the
SF-36, none of the scores for subjects with idiopathic or
congenital scoliosis were markedly different from those
for age-matched healthy controls. Multivariate logistic re-
gression analysis revealed that marked preoperative
Cobb angle and positive sagittal balance at the most re-
cent follow-up were significantly associated with in-
creased odds ratio for poor scores on the SRS-22,

Conclusion. We evaluated long-term QQL.in patients
treated surgically for scoliosis, and found that it was not
impaired, particularly in the case of patients with idiopathic
or congenital scoliosis. Larger preoperative Cobb angle and
positive sagittal balance at the most recent follow-up were
related to poor outcome in QOL as assessed by the SRS-22.

Key words: scoliosis, surgical treatment, quality of life,
long-term outcorme. Spine 2009;34:2179-2184

Outcome measures after surgical treatment in patients
with scoliosis have focused mainly on objective parame-
ters such as correction ratio of Cobb angle on plain ra-
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diograph. However, these parameters are only weakly
related to functional status. Recently published studies
suggest that the magnitude of the scoliotic curve and the
degree of curve correction in surgically treated patients
are weak predictors of outcome scores and patient satis-
faction.'

QOIL. measures are now considered essential in the
evaluation of surgically treared patients with scolio-
sis.”™*" They are especially important in long-term fol-
low-up studies, which can vield reliable information for
patients who will undergo scoliosis surgery. One of the
subjects of greatest concern for female patients is
whether they will be able to have a baby with a normal
delivery,'=** Danielsson and Nachemson reported long-
term outcomes regarding childbearing and sexual life in
women treated for adolescent idiopathic scoliosis {AlS),
compared with matched control subjects who did not
have scoliosis,®! and found that patients appeared to
funcrion well with regard to marital status and number
of children.

The Scoliosis Research Society instrument for out-
come assessment (SRS-22) was designed to measure out-
come after surgery for scoliosis.”*™*” The short form-36
(SF-36) has been the most commonly used questionnaire
for evaluation of the physical and mental condition of
patients, In this study, we evaluated the status of parients
who underwent surgical trearment for scoliosis with
both the SRS-22 and SF-36. The aim of this study was to
evaluate health-related QOL long-term after surgery for
scoliosis, and to identify socio-clinical factors affecting
patient QOL,

m Materials and Methods

Patients
A total of 83 patients were treated surgically for scoliosis be-
rween 1976 and 1989 by 1 senior author (H.NL). Two patients
died of causes unrelated ro scoliosis surgery, 38 patients could
not followed due to inability to locate them, § lived wo far
away to visit our clinic, and 6 refused to parnicipare i our
study. As a resulr, 32 patients visited our clinic for direct inter-
view, with a 38.6% follow-up rate. There were 8 men and 24
women, Age at the time of surgery ranged from 10.9 to 22.2
years, with a mean of 15.3 years. The mean duration of fol-
low-up was 211 vears (range: 16.5-28.9), and the mean age at
the most recent follow-up was 36.4 vears. For the type of sco-
liosis, 18 patients had adolescent idiopathic scoliosis, 8 congen-
ital scoliosis, and 6 svinpromaric scoliosis. We have defined the
symptomatic patients, who had original causes of scoliosis such
as neurofibromatosis, cerebral palsy, osteogenesis imperfecta,
congenital myvopathy, and Marfan syndrome. In this study,
there were 2 cases of neurofibromarosis, 1 of cerchral palsy, 1
of osteogenesis imperfecta, 1 of congenital myopathy, and 1 of
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Tahle 1. Patients Demographics

Total ldiopathic Congenital Symptomatic
No. patients (male:female) 32(8:24) 18 {3:15} 8 (3:5) 61(24)
Age at the most recent follow-up {yr) 36.4 {30.6-43.8) 36.4 36.8 35.7
Duration of follow-up {yr) 21.1{16.5-28.9) 206 231 19.9
Age at time of surgery {yr} 15.3{10.9-22.2) 15.9 137 15.8
Type of surgery Harrington: 14 Harrington: 7 Harrington: 7 Cotrel-Dubousset: 3
Cotrel-Dubousset: 11 Cotrel-Dubousset: 8 Dwyer: 1 Zielke: 2
Ziclke: 4 Zielke: 2 C-D and Zielke: 1
Dwyer: 2 Dwyer: 1

C-D and Zielke: 1

Martan syndrome. Twenty-ive parients underwent a posterior
procedure, 6 patients an anterior procedure and | patient un-
derwent a combined anterior and posterior procedure. The in-
strumentation used was Harrington instrumentation in 14 pa
tients, Cotrel-Dubousset (C-D} 11 patients, Zielke in 4
patients, Dwvyer in 2 patients, and C-D with Zielke in 1 patient
{Table 1). Harringron instrumentation was used uneil 1985,
and C-1 instrumentation since then.

Physical and radiologic examinations were performed at the
most recent follow-up, The contents of interview included
working status, marital status, delivery startus, and number of
chiddren. In addidon, the patients were asked to ill out ques-
tionnaires to evaluate long-term curcome: The evaluation was
performed by the Airseauthor (KT.), who was unbiased and not
involved in the primary care of the patients.

Physical Examination
The present height and weight were measured and body mass
index was calculated. The rib and fumbar humps were mea-
sured with a scoliometer. Spinal balance was evaluated with a
plumb line from the 7 spinous process to the interglureal
crease, and leg length discrepancy was assessed in millimeters.

Radiologic Evaluation
Standing posteroanterior and lateral plain radiograph exami-
nations of the whole spine were performed. Radiologic evalu-
ation included preoperative Cobb angle, correction ratio with
surgical treatment, loss of corvection of Cobb angle at the most
recent follow-up, lumbar lordosis measured between cranial L
endplare and caudal LS endplate, and sagireal balance defined
as anterior deviation drawn perpendicularty from the center of
the C7 vertebral body to the posterior cranial comer of the

Table 2. Clinical Examination and Radiological Evaluation

sacrum. * In additon, the cranial and caudal ends of fusion
were evaluated.

Contents of Interview
We interviewed the patients regarding working and marital
seatus. In the case of female patients, namber of children, de-
livery status, and problems during pregnancy were determined.
The official Japanese version of the SF-36 was used to evaluare
both the physical and mental status of the patients. The SF-36
consists of 36 questions about the general healeh status of pa-
tients, and scores for § specific physical and emotional catego-
ries were obtained.

The Japanese SRS-22 guestionnaire was also filled out. In
chis questionnaire, there were 5 guestions in each of the frst 4
domains {function and activity, pain, self-image and appear-
ance, and menral health) and 2 questions regarding treatment
satisfaction. All answers were scored from 0 to 5,

Statistical Analysis

We also evaluated factors contributing to the scores on the
SRS-22 with muldvanate logiseic regression analysis, This eval-
nation was performed with SRS-22 score as an outcome index,
and factors reducing SRS-22 score were evaluated. Sex, age,
working status, marital status, VAS score, degree of rib hump,
preoperative Cobb angle, correction ratio of Cobb angle, loss
of correction, Cobb angle ar the most recent follow-up, and
sagittal balance at the most recent follow-up were selected as
explanatory variables for construction of multivariate models.
Odds ratios, their 95% confidence intervals (93% Cly, and P
values were calculated \\‘ith Statistical Analysis System Version
9, 1.3 (SAS Instivute, Ine., Cary, NC).

Total idiopathic Congenital Symptomatic
Height {cm) 154. '?(IOG 174.31 1576 155.8 1428
Weight (kg) 49.3(27-66.9) 429 51.3 48.0
Body mass index {kg/m’) 205{15.3-32.1} 196 2.2 225
Rib hump {mm) 19.2(0-75) 238 13.8 125
Lumbar hump (mm} 2.8 {0-35} 31 31 1.7
Plumb line {mmj} 11.0 {0-50) 9.1 15 217
Leg length discrepancy {mm} 8.9(0-20) 1.5 6.3 18.0
Preoperative Cobb angle {°} 69.8 (32-140} 65.1 54.5 104.7
Postaperative Cobb angle {°) 33.0{4-95) 309 305 49.8
Rates of operative correction (%) 53.7(18.1-107.1) 57.1 46.0 535
Cobb angle at the most recent {ollow-up (%) 4! 7{11-106) 39.5 36.8 60.0
Loss of correction {°) 71042} 8.6 6.2 1.2
Lumbar lordosis {°) 31 7 {71-53) 33.8 319 23.8
Positive sagittal halance {mm)} 19/32 211 8/18{1.9) 6/8{21.6) 5/6 {62.0)
No. levels of fusion {vertebrae) 9.1{2-15) 9.8 7.4 9.5
Copyright © Lippincott Witiams & Wilkins. Unauthonized reproduction of this article 1s prohibited.
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Figure 1. Change in Cobb angle 80
by type of scoliosis. Patients with

symptomatic scoliosis had a sig- 60
nificantly higher preoperative
Cobb angle, but no significant

diferences were found among 0

the groups in postoperative Cobb

angle, ratio of operative correc- 20

tion, Cobh angle at the most re-

cent follow-up, or degree of loss 0

of correction. Pre-op

B Besults

Clinical Examination
The mean height was 154.4 cm (range, 106-174.3),
mean weight 49.3 kg (range, 27-66.9), and mean body
mass index 20.5 kg/m* (range, 15.3-32.1) ar the most
recent follow-up (Table 2). The mean degree of rib hump
was 19.2 mm (range, 0-75), and the mean degree of
lumbar hump 2.8 mm (range, 0-35).

Radiologic Evaluation
Cobb angle improved from a mean of 69.8° (range, 32°~
140°) before surgery to 33° (range, 4°~95°) after surgery
(Table 2, Figure 1). The mean ratio of operative correc-
tion was 53.7% (range, 18.1-107.1). The mean Cobb
angle at the most recent follow-up was 41.7° (range,
11°=106°), with a mean of 8.7° (range, “0-427) in loss of
correction over 16-year follow-up. By type of scoliosis,
patients with symptomatic scoliosis had a signifcantly
higher preoperative Cobb angle, but no significant dif-
ferences were observed among the groups in postopera-
tive Cobb angle, ratio of operative correction, Cobb an-
gle at the most recent follow-up, or degree of loss of
correction.

By type of instrumentation, the correction ratio with
surgical treatment was 50.4% for Harrington instru-
mentation, 53.1% for C-D, 72.5% for Zielke, 42.1% for
Dwyer, and 53.4% for combined C-D and Zielke instru-
mentation. Mean loss of correction was 6.9° for Har-
rington instrumentation, 6.6° for C-D, 20.3° for Zielke,
5.5% tor Dwver, and 9.0° for C-D and Zielke.

Mean lumbar lordosis was 31.7° (range, 7°=53%), 19
patients {39.4%) had positive sagittal balance, and the
mean degree of deviatdion was 21.7 mm (range, —45-
140). The mean number of levels of fusion was 9.1 ver-
tebrae {range, 2-15).

Additional Surgery
Additional surgery was performed in 3 patients who un-
derwent removal of instrumentation at a mean of 7.6
vears after surgery at their own request while asymprom-
atic. Three patients had revision surgery due to instru-
ment failure within 2 vears after the original scoliosis
surgery. The first of these parients were idiopathic scoli-

Change in Cobb angle
-8 iiopathic
~#- Congenital
~&— Symplomatic
Post-op Latest followup

osis treated with Dwyer instrument. Wichin 1 year after
this operation, the patient required additional instru-
mentation with Harrington rod system due to breakage
of a connection wire. The second of these patients were
osteogenesis imperfecta treated with C-D instrumenta-
tion, and required revision surgery due to breakage of a
rod. This patient was treated with reapplication of C-D
mstrumentation. The third of these patients were con-
genital myopathy treated with Zielke instrumentation,
and required refixadon with G-I instrumentation for
progression of rthoracic curvarure. All patients who un-
derwent required revision surgery had positive sagittal
balance at the time of revision surgery as well as at the
latest follow-up. The mean positive balance of these pa-
tients was 92 mm at the time of revision surgery.

Working and Marital Status
Twenty-seven patients (84.4%) were or had been en-
gaged in various occupations after surgery, such as office
work, sales work, factory work, waitressing, receptionist
work, work as a telephone operator, and nursing, with-
out marked difficuley (Table 3.

Although none of the male patients with any type of
scoliosis and none of the female patients with symptrom-
atic scoliosis were married, 75% of the female patients
with adolescent idiopathic scoliusis or congenital scolio-
sis were married. Of 24 female patients, 12 {509%) had
delivered babies after surgery, and had a mean number of
children of 1.83 (range: 0-3). The rate of cesarean sec-
tion was 22.7% and none of the patients had experi-
enced problems during pregnancy or delivery.

Table 3. Working, Marital, and Delivery Status

Total Idiopathic Congenital Symptomatic
Employed 27/32 17/18 18 36
Married {male) 0/6 073 0/3 0/2
Married {female) 15/24 12115 3/5 0/4
Deliveries 12/24 /15 3/5 0/4
No. children 1.83 1.78 20 e

Cesarean section 5/22 316 2/6
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Table 4. SF-36 Norm-Based Scoring Scores and SRS-22 Scores

Symptomatic

Total ldiopathie Congenital
Physical function 46.0 = 17.1 53.0 49.4 205
Role-physica 484 = 1286 50.8 511 315
Bodily pain 50.1 = 99 50.6 47.8 518
General health 481 = 10.5 477 49.1 47.9
Vitality 483 = 105 48.4 47.6 492
Social function 528+ 179 534 57.1 450*
Role-emotiona! 50.3 = 104 514 55.0 410"
Mental health 517212 51.3 51.8 52.7
SRS-22 total score 849+ 105 85.4 87.8 79.5
Function/activity 3498 + 0.68 410 4.20 3300
Pain 438 = 0.64 4.39 4.45 423
Self-image/appearance 3.26 = 0.64 313 348 3.33
Mental health 394 - 056 4.00 3.93 2.80
Satisfaction with management 358 = 116 367 3.75 308

P 005

SF-36 Questionnaire
In the case of symptromatic scoliosis, scores for physical
function, role-physical, social function, and role-
emotional were significantly low, However, none of the
scores for subjects with idiopathic or congenital scoliosis
were markedly different from those for age-matched
healthy controls (Table 4).

To examine differences in score by tvpe of instrumenta-
tion, we summarized the results for Harrington instrumen-
tation, C-D instrumentation, and anterior instrumentation
(Zielke or Dwyer). Almost all scores for subjects with an-
terior instrumentation were lower than those for patients
with Harrington and C-D instrumentation.

SRS-22 Questionnaire
The wean total SRS questionnaire score was 84.9 = 10.3
{range: 65-1035) at the most recent follow-up. Overall,
scores for self-image and appearance were low despite
high scores for tunction and acrivity, pain, and mental
health. By type of scoliosis, scores for function and ac-
tivity were significantly low in patients with symprom-
atic scoliosis {Table 4).

By rype of instrumentation, mean total SRS question-
naire score was 88,1 for Harringron instrumentation, 88.6
for C-D, and 73.0 for anterior instrumentation (Dwyer or
Zielke). The mean score for anterior instrumentation was
significantly lower than those tor Harrington and C-D in
strumentation, Furthermore, the mean score for patients
who had revision surgery was 71.3, and that was signifi-
cantly lower than that for the others.

By the lowest instcrumented vertebra, there was no
significant difference in SRS-22 score among diseal levels
ol tusion (Figure 2).

Statistical Analysis
Univariate logistic regression analysis revealed that higher
preoperative Cobb angle, higher Cobb angle at the most
recent follow-up, and positive sagittal balance ar the mose
recent follow-up were significantly associated with in-
creased odds ratia for poor scores on the SRS-22 (Table 5},
Poor SRS-22 score means a score lower than the median of
rotal SRS-22. Total SRS-22 score ranged from 65 to 105,
with a median score of 88 points, Therefore, poor SRS-22
score means a score lower than 88 points. Multivariate

Correlation between lowest instrumented vertebra and SRS-22 score

Th12 (n=4)
L1 (n=9)
L2 (n=5)
L3 (n=4)
L4 (n=8)
Figure 2. This figure shows rela-

tionship between the lowest in- S1 (n=2)
strumented vertebra and total

T T

SRS-22 score. There was no sig-
nificant difference in SRS-22 0 10
score according to the distal

level of fusion.

20

T T H ¥ T T T ¥ U
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Total SRS-22 score
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Table 5. Univariate and Multivariate Logistic Regression Analysis to Evaluate the Factors Associated With Q0L
Univariate Analysis Mnltva! ate Aﬂdl"SlS
Explanatory Variables OR 95% Ci P OR 95% Cl P
Sex (male} 0.85 {0.17-4.20) 0.84 3.47 (0.08-142.9) 0.52
Age 2.14 {0.52-8.85] 0.29 2.49 {0.08-76.9) 0.80
Working status 1.77 (0.42--1.46) 0.43 532 {0.18-166.7) 0.33
Marital status 0.98 {0.24-3.95} 0.98 0.08 {0.002-2.68) 0.15
VAS score 1.29 {0.32-5.18) 0.72 0.56 (0.016-20) 0.75
Degree of rib hump 1.29 {0.32-5.18) 0.72 1.39 {0.088-22.2) 081
Preop Cobb angle 6.58* {1.40-31.25) 0.017 83.3* {1.80--1000} 0.024
Correction ratio of Cobb angle 214 {0.52-8.85) 0.29 0.35 (0.01-11.9} 0.56
Cobb angle at the most recent faliow-up 5.05* (1.11-22.73} 0.037 0.40 {0.019-8.55) 0.56
Loss of correction 1.29 {0.32-5.18) 072 0.86 {0.038-19.2) 692
Positive sagittal balance al the most recent foliow-up 4.88* (1.06-22.22) 0,042 2007 {1.34-1000) 0.038

logistic regression analysis also revealed that higher preop-
erative Cobb angle and positive sagittal balance at the most
recent follow-up were significanty assoctated with in-
creased odds ratio for poor scores on the SRS-22,

W Discussion

Correction of spinal deformity with instrumentarion is
an established procedure in scoliosis surgery, and good
clinical outcomes lmve been reported with it even long-

WUREME
tt‘ln\\(“ {4-~18.31,

However, measures of long-rerm outcome in scoliosis
surgery have mainly focused on radiologic changes such
as correction ratio of Cobb angle and loss of correction.
In the Study Group On Scoliosis Orthopedic and Reha-
bilitative Treatment 2005 Consensus Paper, it was re-
parted that only 5% of studies on scoliosis included a
measure of esthetic appearance, 1.48% a measure of
health-related QOL, and 1% a measure of disabiliy.™

Recently, the development of the SRS patient ques-
cionnaire, an adolescent idiopathic scoliosis-specific
QOL. instrument, has enabled surgeons to measure QOL
before and after corrective surgery for scoliosis. The
most recent format of the SRS questionnaire (SRS-22)
has 22 items and consists of scales for Funcrion and ac-
rivity, pain, self-image and appearance, mental health,
and satisfaction with erearment. The SRS-22 is more ver-
satile than SRS-24, since scoliosis patients with or with-
out surgery and healthy u)nnol individuals can complete
the questions in all sections, >

The SE-36 is also the instrument most widely used to
evaluate QOL in adult patients.™ It consists of 8 sub-
scales including physical function, role-physical, bodily
pain, general healch, \'imlirv, social funcrion, role-
emotional, and mental health. However, the SF-36 in-
cludes neither a score for self'rumgv nor a factor unique
to patients with scoliosis.”

Benli e al reported long-term findings tor a large series
of partients rreared with Texas Scotrish Rite Hospiral instru-
mentation in 109 patients with AlIS using the SRS-22 ques-
¥ Scores for self-image, mental status, and func-
inverse correlations with

tionnaire,
tion domains exhibited 1
preoperative curve magnitude and loss of correction, but

correlared positively with the rate of postoperative correc-
tion of Cobb angle. In addition, surgical rreatment did nor
have negative effects on education, occupation, or mar-
riage.

Danielsson and Nachemson reported long-term out-
comes regarding childbearing and sexual life in women
rreated for AlS, compared with matched control subjects
who did not have scoliosis.”" They found that patients
functioned well socially in terms of marital status and
number of children, and did not have more problems
during pregnancy and delivery than a control group. In
their study, neither the number of pregnancies nor the
age at first pregnancy was affected by seoliosis,

As noted in thetr arricle, impacts on working and mar-
ital status are of great concern to patients who will un-
dergo surgical trearment for scoliosis. However, there
have been very few studies on this, and none in Japan.

In the present study, most of the patients were or had
been engaged in various occupations after surgery withour
marked difficaley. As for marital status, although none of
the male patients with any type of scoliosis and none of the
female patients with symptomatic scoliosis were or had
been married, 75% of female patients with adolescent id-
iopathic scoliosis or congenital scoliosis were or had been
married. This percentage is equal to that for the normal
population of Japanese women of the same age {2005 Pop-
ulation Census). Numbers of children had by patients with
idiopathic scoliosis and congenital scoliosis were also
equivalent to that for the normal population, these patients
experienced no problems during pregnancy or delivery, and
their rate of cesarean section was nearly equivalent to thar
in the normal population.

We also evaluated factors reducing SRS-22 scores by
calcularing odds ratios on muldvariate logistic regression
analysis. Preoperative Cobb angle and positive sagirral
balance ar the most recent follow-up were significantly
assaciated with increased odds ratio for poor scores on
the SRS-22. Preoperative Cobb angle w as 2 factor con-
sistently noted in some previous studies.' ™' In addition,
positive sagittal balance ar the most recent fu”()\v—np was
wentified as a factor contributing to QOL following scoli-

osis surgery in our study. Glassman e al examined 752
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patients with adult deformity, and found that the severity of
symptoms increased in linear fashion with degree of pro-
aression of positive sagittal balance.” These findings em-
phasize the importance of carefully ensuring sagittal plane
alignment in the treatment of spinal deformity.

There are some limitations to the present study, which
might affect the conclusions drawn from its findings. Be-
cause validated patient-oriented instruments were not
available 20 vears ago, long-term assessment of this type
of surgery must be retrospective. The response rate was
low, as expected in a study with very long-term fol-
low-up evaluation. Unfortunately, since no control
group of unrreated parients with scoliosis was available,
the final effect of the operative procedure on the natural
course of the deformity could not be clearly determined.
However, no selection bias could be ascertained among
the patients present at follow-up assessment in terms of
either demographic or preoperative characteristics.

We evaluated outcome following scoliosis surgery for
longer than 16 years. Further investigations with longer
follow-up are needed to confirm the findings of chis scudy,
which are, however, important for both surgeons and pa-
tients.

m Key Points

s We evaluated long-term quality of life (QOL) in
patients treated surgically for scoliosis regarding
working and marital status, and also with rthe
scores on the SF-36 and SRS-22.

e Long-term QOL was not impaired after scoliosis
surgery regardless of residual deformity.

o Mulrivariate logistic regression analysis revealed
thar large preoperative Cobb angle and positive
sagittal balance at the most recent follow-up were
factors reducing QOL as assessed by the SRS-22.
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for Scoliosis

Longer Than Sixteen-Year Follow-up

Low Back Pain in Patients Treated Surgically

Kazushi Takayama, MD, PhD,* Hiroaki Nakamura, MD, PhD,* and Hideki Matsuda, MD

Study Design. A retrospective study,

Objective. To evaluate long-term outcome regarding
low back pain {LBP} in patients treated surgically for
scoliosis.

Summary of Background Data. Measures of long-term
outcome after surgery for scoliosis have focused mainly
on radiologic changes. However, subjective symptoms
such as LBP after surgical treatment are of great concern
to patients who undergo surgical treatment for scoliosis.

Methods. Thirty-two patients treated surgically for
scoliosis between 1976 and 1989 were included in this
study. The mean duration of follow-up was 21.1 years.
Eighteen patients had adolescent idiopathic scoliosis, 8
had congenital scoliosis, and 6 had symptomatic scolio-
sis. We evaluated long-term outcome by direct interview.
Degree of LBP was evaluated by visual analogue scale
score and Moskowitz classification in addition to clinical
and radiologic evaluation. Patients were also asked to
complete the SF-36 questionnaire.

Results. Mean visual analogue scale score at the latest
follow-up was 21 {0-80), and 15% of patients had occa-
sional or frequent LBP in Moskowitz classification. On the
SF-36, score for bodily pain was not markedly different
from that for age-matched controls. Among radiologic
findings, level of distal fusion had no effect on the inci-
dence or severity of LBP. Furthermore, preoperative Cobb
angle, latest Cobb angle, and degenerative changes of
subjacent segment each exhibited no correlation with de-
gree of LBP, either. On the other hand, sagittal balance
was a factor affecting LBP following scoliosis surgery.

Conclusion. We evaluated long-term outcomes re-
garding LBP following scoliosis surgery. Régardless of
residual back deformity, LBP was found to be no more
frequent than in the normal population in Japan. Positive
sagittal balance at the latest follow-up was a factor sig-
nificantly contributing to LBP following scoliosis surgery.

Key words: scoliosis, surgical treatment, low back
pain, long-term outcome. Spine 2009;34:2198-2204

Outcome measures after surgical treatment in patients
with scoliosis have focused mainly on objective parame-
ters such as correction ratio of Cobb angle on plain ra-
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diograph. However, these parameters are only weakly
related to functional status. Recently published studies
suggest that the magnitude of scoliotic curvature and
degree of correction of such curvature in surgically
treated patients are only weak predictors of outcome
scores and patient satisfaction.'

Low back pain (LBP) has been considered an essential
issue in the evaluarion of surgically treated patients with
scoliosis. It is especially important in long-term fol-
low-up studies, which can vield reliable findings for pa-
tients who will undergo scoliosis surgery. Although
many studies have reported the incidence of LBP after
surgery for scoliosis, their results have been quite wide-
ranging (from 7% to 66%).*"'” Furthermore, various
factors contributing to LBP reported in previous studies
remain controversial to draw the conclusion.'®~"* Long-
terin outcome regarding LBP is thus a matter of great
concern for patients with scoliosis.

We have already reported findings regarding general
health-related quality of life such as working status and
marital status from our own follow-up of patients.

The aim of the present study was to evaluate long-
term outcomes with regard to LBP after surgery for sco-
liosis, and to identify factors affecting LBP.

M Materials and Methods

Patients
A total of 83 patients were treated surgically for scoliosis be-
tween 1976 and 1989 by 1 senior author (H.M.). Two patients
died of causes unrelated to scoliosis surgery, 38 patients could
not followed due to inability to locate them, § lived too far .
away to visit our clinic, and 6 refused to participate in our
study. As a result, 32 patients visited our clinic for direct inter-
view, with a 38.6% follow-up rate. There were 8 men and 24
women. Age at time of surgery ranged from 10.9 to 22.2 years,
with a mean of 15.3 years. Mean duration of follow-up was
21.1 years (range, 16.5-28.9), and mean age at the latest fol-
low-up was 36.4 vears. By type of scoliosis, 18 patients were
adolescent idiopathic scoliosis (AlS), 8 congenital scoliosis, and
6 symptomatic scoliosis {2 were neurofibromatosis, | cerebral
palsy, 1 osteogenesis imperfecta, | congenital myopathy, and |
Marfan syndrome). Twenty-five patients underwent a poste-
rior procedure, 6 underwent an anterior procedure, and 1 pa-
tient underwent a combined anterior and posterior procedure.
The instrumentation used was Harrington in 14 patients, Co-
trel-Dubousser {C-D) in |1 patients, Ziclke in 4 patients, Dw-
yer in 2 patients, and C-D with Zielke in 1 patient {Table 1).
Harrington instrumentation was used until 1985, and C-D in-
strumentation subsequently.

Physical and radiologic examinations were performed at the
latest follow-up. Patient interview included determination of
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