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Abstract

Strategies for enhancing spine fusion in
osteoporotic spine
Sung Bae Park
Neuroscience
The Graduate School of Medicine
Seoul National University
Osteoporosis is a degenerative disease with worldwide occurrence. Recently, surgical
indications for elderly patients with osteoporosis have been increasing. De novo bone
formation and remodeling takes place on the fusion bed in spine. Osteoporosis induces
negative bone remodeling that can delay bone fusion. It is thus essential for spine
surgeons who treat patients with osteoporosis to understand the differences between the
osteoporotic and non-osteoporotic spinal fusion. However, only few strategies are
available for osteoporotic patients who need spinal fusion. We described 3 fold strategies
to increase vertebral fusion of osteoporotic spine including antiosteoporotic therapies,
bone substitutes on the fusion bed and, augmented implants based on our published or
unpublished research results and review articles. Of the common antiosteoporotic drugs,
bisphosphonates (BPs) did not decrease the fusion rate. However, BPs inhibit the
maturation of fusion mass. Selective estrogen receptor modulator (SERM) can accelerate
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bone remodeling in an osteoporotic rat spine fusion model; and furthermore, bone fusion
and formation can be enhanced by SERM treatment. Parathyroid hormone, an anabolic
agent, may offer an advantage over agents such as BPs and SERM. The osteoinductive
recombinant human bone morphogenetic protein (rhBMP) 2 enhances spinal fusion in
ovariectomized rats during early bone formation. The rhBMP-2 might potentially
improve the outcome of spinal fusion in the osteoporotic patient. Instrumentation and
techniques with increased pullout strength may increase fusion rate through rigid fixation.
Perioperative strategies in osteoporotic patients may affect the radiological and clinical
outcomes. Therefore, surgeons should consider appropriate osteoporosis medication,
instrumentation and technique before osteoporotic spine surgery.
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Introduction
Spine fusion surgery including lumbar fusion is a common procedure for the treatment of
degenerative spine disease, as degenerative change and instability in the spine segment
could lead to pain (1). Instrumented posterolateral fusion and posterior interbody fusion
have a long history of safety and effectiveness (2). Degenerative changes in the facet
joint and intervertebral disc can induce spinal instability and increase at over 50 years of
age. In addition, with the increased life expectancy and improved quality of life among
the elderly population, the elderly desire to remain physically active. Therefore,
indications of spine fusion in elderly patients have increased (3-5). The surgical outcome
according to bone fusion and perioperative complication of spinal fusion surgery in
elderly patients may be negatively affected by co-morbidities, such as diabetes mellitus,
nutritional disorders, cardiopulmonary disease, renal disease, and bone metabolic disease
including osteoporosis (6, 7). A successful bone fusion is achieved through balanced
bone remodeling. The main role of screw fixation in spine fusion surgery is to provide
immediate stability to the operated vertebrae until bridging bone is formed on the
intervertebral fusion bed. Delay or failure in the formation of the bridging bone increases
the risks of instrument failure and fusion failure. Osteoporosis induces negative bone
remodeling and increases bone fragility, which can cause implant fixation failure and
delayed bone graft healing (8, 9). Therefore, spinal surgeons must be informed of the
pharmacological treatment plan for osteoporosis in the view of positive bone formation
for bone fusion, and formulate appropriate surgical strategies for osteoporotic patients
who need to undergo spinal fusion surgery. The objective of this article was to
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recommend strategies for enhancing spine fusion in osteoporotic spine based on our
published and unpublished research results and review articles.

Materials and Methods
The author studied the difference of spine fusion between osteoporosis and
non-osteoporosis rats, the effects of anti-osteoporotic drugs including bisphosphonates
(BPs), selective estrogen receptor modulator (SERM) and parathyroid hormone (PTH) on
osteoporotic spine fusion, and the effect of osteoinductive material such as human
recombinant bone morphogenetic protein (rhBMP) on osteoporotic spine using rats.
Published animal studies were provided as Supplement 1 and 2. Non-published data were
presented in Tables and Figures. The results obtained from the animal studies formed the
experimental basis for the proposed strategies to enhance osteoporotic spine fusion. A
PubMed literature search was conducted on publications between 1990 and 2014. The
search strategy emphasized estrogen deficiency osteoporosis, osteoporosis medication in
spine fusion, bone substitute for spine fusion, and augmented implant in spine fusion. All
articles with animal and human studies were reviewed through the PubMed search. We
considered our results and the data from the reviewed articles to reveal strategies for
enhancing osteoporotic spine fusion. The methodologies and results of author’s animal
studies were described into Methods and Results, respectively.

Osteopenic Female Rat as a Model for Human Osteoporosis: Bone Mineral
Density Changes and Stepwise Description of Surgical Technique
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Twenty five 10-week-old female Sprague Dawley rats (Orientbio, Gyonggi, Korea) were
used. Five rats were euthanized after two weeks, and BMD was measured in their femora.
The other 20 rats were assigned to one of two groups: a sham group (n = 10), which
underwent a sham operation and an OVX group (n = 10), which underwent bilateral
OVX at 12 weeks of age (Fig 1). After six weeks, five rats from each group were
euthanized, and BMD was measured in their femora. The same procedure were
performed in the remaining rats form each group eight weeks later.

Spinal

fusion

process

in

living

osteoporotic

rats

compared

with

non-osteoporotic rats: serial micro-computed tomography study.
Female Sprague Dawley rats (n = 12; 12 weeks of age; Orientbio, Gyonggi, Korea) were
given either an ovariectomy (OVX) or sham operation and were randomized into two
groups: non-OVX group (n = 6, sham operated + fusion) and OVX group (n = 6, OVX +
fusion). Eight weeks after OVX, unilateral lumbar spinal fusion was performed using
autologous iliac bone. Bone density (BD) was measured 2 days after fusion surgery.
Microcomputed tomography was used to evaluate the process of bone fusion every week
for 10 weeks after fusion surgery. The fusion rate, fusion process, and compactness of
fusion mass were assessed between the two groups.

The time-dependent effect of ibandronate on bone graft remodeling in an
ovariectomized rat spinal arthrodesis model.
Female Sprague Dawley rats (n=100; 12 weeks of age; Orientbio, Gyonggi, Korea) were
ovariectomized (OVX, n=80) or non-OVX operated (n=20)and randomized into five
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groups: non-OVX group, osteoporosis group, osteoporosis with early BP group,
osteoporosis with simultaneous BP group, and osteoporosis with late BP group. Eight
weeks after ovariectomy, lumbar spinal arthrodesis was performed using autologous
tailbones. Animals were sacrificed 4 and 8 weeks after arthrodesis, and bone formation
was assessed by measuring bone mineral density and mRNA expression, manual
palpation, radiological evaluation, and histomorphometry.

Effect of a selective estrogen receptor modulator on bone formation in
osteoporotic spine fusion using an ovariectomized rat model.
Female Sprague Dawley rats (n = 90; 12 weeks of age; Orientbio, Gyonggi, Korea) were
OVX or sham operated, and randomized into three groups: Control (sham-operated +
fusion procedure+ saline administration), OVX (OVX + fusion procedure + saline
administration), and SERM (OVX + fusion procedure + administration of SERM). Eight
weeks after OVX, a bilateral lumbar spinal fusion procedure was performed using
autologous iliac bone. In each group, gene expression was evaluated at 2, 4, and 8 weeks
after the fusion procedure, histological analysis was performed at 4 and 8 weeks after the
procedure, and bone parameters were measured by microcomputed tomography at 2 days,
4 weeks, and 8 weeks after the procedure.

BMP-2 induced early bone formation in spine fusion using rat ovariectomy
osteoporosis model
Female Sprague Dawley rats (n = 60; 12 weeks of age; Orientbio, Gyonggi, Korea) were
ovariectomized or sham-operated, and randomized into three groups: Sham
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(sham-operated + fusion), OVX (OVX + fusion) and BMP (OVX + fusion + BMP-2).
Six weeks after ovariectomy, unilateral lumbar spine fusion was performed using
autologous iliac bone with/without recombinant human bone morphogenetic protein
(rhBMP)-2 delivered on a collagen matrix. For each group, gene expression and
histology were evaluated at 3 and 6 weeks after fusion, and bone parameters were
measured by micro-computed tomography at 3, 6, 9 and 12 weeks.

Results
Biology of osteoporotic spinal fusion
Although instrumentation and techniques for spinal fusion surgery have improved in
recent years, a nonunion rate of 10–40% limits the success and may negatively affect
clinical outcomes (3, 10, 11). De novo bone formation and remodeling occurs on the
fusion bed in spine. Osteoporosis induces negative bone remodeling that can delay bone
fusion. Therefore, the understanding of the differences in the bone fusion process
between the osteoporotic and non-osteoporotic spinal fusion is essential for spine
surgeons who treat patients with osteoporosis. Clinically, relevant lumbar fusion animal
models provide important biological, histological, and radiological information about the
fusion bed between the intertransverse processes (3, 12). Endochondral bone formation
through a cartilage intermediate occurs centrally at the fusion bed between the upper and
lower halves of the bridging bone, and intramembranous bone formation occurs near the
decorticated transverse processes (2, 13). Also, fracture repair and spinal fusion have
similar stages at the fracture site and fusion bed i.e., an inflammatory response,
fibrocartilage formation, hard callus formation, and bone remodeling (14). In an animal
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study, the fusion rate at 10 weeks after spinal fusion did not increase if the fusion had not
occurred by 4 weeks after surgery (15). Therefore, to overcome fusion failure in patients
with osteoporosis, it is important to understand whether there are differences in bone
remodeling in the sites of endochondral and intramembranous ossifications and the early
period of bone fusion between patients with and without osteoporosis. Few articles
presented early period fracture healing under osteoporotic conditions in animal models.
These studies showed that estrogen deficiency osteoporosis affects the fibrosis formation
and the quantity and quality of callus during the early fracture healing process (16, 17).
The difference between osteoporotic and non-osteoporotic spine fusion has not been
reported. The author made the osteoporotic rat model using bilateral ovariectomy and
showed that the significant decrease BMD appeared six weeks after bilateral ovariectomy.
Also, the author investigated the difference of fusion process between the normal and
osteoporotic spine in an ovariectomized rat model. In the non-OVX group, absorption of
the grafted bone after surgery started 2 to 3 weeks after surgery, but the OVX group
showed less bone absorption at the same time. Bone remodeling at the fusion bed in the
late stage was less prominent in the OVX group, as compared with the non-OVX group
(Fig. 1). In the non-OVX group, the fusion rate at 4, 8, and 10 weeks was 66.6% (4/6),
83.3% (5/6), and 83.3% (5/6), respectively. In contrast, the fusion rate in the OVX group
was 50% (3/6) at 4, 8, and 10 weeks. Although the fusion rate was higher in the
non-OVX group at all 3 time points, the difference was not significant. The presence of
fusion masses connected to TPs and bridging bone between TPs at 4, 8, and 10 weeks
also did not differ significantly between the 2 groups. However, compactness of grafted
bones at 10 weeks was inferior in the OVX group, as compared with the non-OVX group
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(Table 1 and Fig. 2). According to our study results, osteoporosis can affect bone
remodeling at early and late stages. Strategies to induce balanced bone remodeling for
mature fusion mass are needed to increase the fusion rate in the osteoporotic spine.

Strategies for enhancement of spine fusion in osteoporotic spine
Strategies to increase vertebral fusion in osteoporotic spine can be classified according to
the target of action as antiosteoporotic therapies, bone substitutes on the fusion bed, and
augmented implants.
The most common antiosteoporotic drugs in patients who underwent spine fusion are
BPs, SERM, and PTH. The presence of bridged fusion mass, maturation degree within
fusion mass and the osteointegration of implants with adjacent bone are evaluated for the
effects of these drugs on osteoporotic spine fusion. BPs are the 1st line drugs that can
increased bone mineral density (BMD) by reducing bone resorption through increasing
apoptosis of the osteoclasts (16, 17). Therefore, many reports indicated that BPs increase
BMD and improved implant integration in osteoporotic conditions (18, 19). However,
osteoclast and osteoblast are members of basic multi-cellular unit (BMU) and
osteoclast-osteoblast communications occurs during bone remodeling (20). Therefore, it
remains controversial whether antagonistic effects of BPs in osteoclasts are beneficial for
spinal fusion in osteoporotic patients. Most studies on the effect of BPs on osteoporotic
spine fusion were conducted on rodent or rabbit models (21). There was one reported
human study on the effect of BPs on osteoporotic spine fusion (22). In many animal
studies, the fusion rate in the osteoporotic animal group using manual palpation and
radiologic evaluation was not significantly different, as compared to the control group
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(21, 23). In addition, the effect of BPs on osteointegration to screw and cage were
positive (19, 24). However, the studies with histologically defined fusion indicated that
BPs decreased fusion rate and delayed maturation of fusion mass (21, 25). One human
study on the effect of BPs on osteoporotic spine fusion showed that BPs significantly
increased fusion rate, although BPs suppressed bone formation after 6 months
postoperatively (22). These findings indicate that BPs cannot inhibit the formation of
bridging bone and osteointegration to implant via intramembranous ossification, but can
delay the maturation and remodeling of grafted bone mass via endochondral ossification
and balanced activity of osteoblasts and osteoclasts. We have previously investigated the
effect of BPs administered at different times on the bone response to osteoporotic rat
spine arthrodesis. Although there was no significant difference of fusion rate between
groups, BPs increased bone volume and positively affected endochondral and
intramembranous ossification. Therefore, early administration of BPs may not hinder the
bone fusion of osteoporotic patients undergoing spinal arthrodesis (Fig. 3) (Sup. 1).
SERMs are another first-line therapy for osteoporosis (26). SERM treatment prevents
postmenopausal bone loss and decreases the incidence of vertebral fracture (27, 28).
However, although several studies have reported a positive effect of SERM treatment on
fracture healing, only 1 study looked at the effect of SERMs on spine fusion, concluding
that SERM treatment was not effective on bone remodeling in an osteoporotic rat model
(29, 30). Information on basic and clinical effects of SERMs on osteoporotic spine fusion
is required, given the controversy concerning the effect of bisphosphonates on spine
fusion. We studied the effect of SERMs on osteoporotic spine fusion using rats
(unpublished data). Eight weeks after OVX, bilateral lumbar spine fusion was performed
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using autologous iliac bone. Gene expression, histological analysis, and bone parameters
were evaluated after fusion surgery in each group. In the SERM group, bone mineral
density and trabecular quality of the vertebral body were significantly superior to those in
the OVX group 16 weeks after OVX (table 2). At 8 weeks after fusion, the fusion rate
and bone volume ratio in the fusion bed of the SERM group were higher than those of
the OVX group (Table 3). Real-time reverse transcription polymerase chain reaction at 4
and 8 weeks after fusion showed increased expression of osteoblast-related markers
(alkaline phosphatase, osteocalcin, Runx2, and transforming growth factor) in the SERM
group, as compared with the OVX group (Fig. 4). The OVX group showed sparse bone
mass between transverse processes. However, the SERM group had compact bridging
fusion mass and matured trabecular within the fusion bed at 8 weeks after fusion (Fig 5
and 6). To the best of our knowledge, this was the first study to show that SERM
treatment can accelerate bone remodeling in an osteoporotic rat spine fusion model, and
that bone fusion and formation can be enhanced by SERM treatment. Studies using
animal models have shown that PTH improves fusion rates at an early period (31, 32).
The anabolic effect of PTH enhances the formation of a histologically mature fusion
mass with a greater proportion of mineralization (31, 33). Although there is no clinical
trial on the effect of PTH on osteoporotic spine fusion in humans, an osteoporotic spine
fusion based study in humans showed that PTH can induce early spine fusion and
improve remodeling of grafted bone.
The 3 critical biological processes involved in bone regeneration include osteogenic
potential, osteoinductive factors, and osteoconductive scaffold (34). Osteogenic potential
is the capability of cells that differentiate to osteoblasts, to form new
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bone.

Osteoinductive factors are able to cause osteoblast differentiation from osteoprogenitor
stem cells such as mesenchymal stem cells. In addition, osteoconductive scaffolds
facilitate neovascularization and supports the ingrowth of bone. The ideal bone
substitutes possess the 3 critical elements with optimal biological reaction and no
harmful effect on human body. The common categories of bone substitutes that increase
bone formation on fusion bed, include demineralized bone matrix, biologic graft
extenders, osteoinductive factors, and mesenchymal stem cells. Many studies
investigated the effect of bone substitutes, including ceramics, demineralized bone matrix,
osteoinductive growth factor, autologous platelet concentrate, and mesenchymal stem
cells on spine fusion (35-39). Hence, these bone substitutes can promote the fusion rate
or bone formation. However, there was no earlier study on the effect of these materials
on osteoporotic spine fusion. We accordingly studied the effect of recombinant rhBMP 2
on spine fusion in an ovariectomized (OVX) rat model. Although the Sham and OVX
groups showed both sparse and compacted bone between transverse processes at 6 weeks,
the BMP group had a significantly larger bone mass within the fusion bed at 3 weeks and
later. All rats in the BMP group had bridging bone at 3 weeks; at 12 weeks, bridging
bone in the Sham and OVX groups was about 50% and 25%, respectively, as compared
to the BMP group. Histologic evaluation showed that the BMP group had high amounts
of bridging bone and endochondral ossification with cartilage tissue at ≥ 3 weeks after
surgery. In the BMP group, all gene expression in grafted tissues increased significantly
at 3 weeks after surgery, as compared to other groups (Supp. 2). We concluded that
rhBMP-2 enhances spinal fusion in OVX rats and acts during early bone formation (Fig.
7). Therapeutic BMP-2 may therefore improve the outcome of spinal fusion in the
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osteoporotic patient.
Instrumentation using screws and rod provides the support the spinal loading and
movement after spinal arthrodesis. Instrument failure at an early stage after spinal
arthrodesis can induce fusion failure. Cancellous bone is more affected by osteoporosis
than cortical bone, therefore lower BMD has been a major factor in poor screw fixation,
screw loosening and fixation failure (40). Therefore, in osteoporotic spine fusion, it is
important to find the way to increase pull-out strength of the screws. Several surgical
techniques have been employed to enhance the pullout strength of the pedicle screw (41).
The augmentation of screw fixation using polymethylmethacrylate and various calcium
ceramics increased biomechanical support in osteoporosis spine surgery (42). The
preparation for screw hole or minimization of tapping hole can affect the pullout strength
in osteoporotic bone and, although the anatomical constraints vary with patients, bigger
and longer screws may provide a good solution for fragile bones (43). In addition, the
angulation of 2 screws and screw positioning in areas of higher BMD in the vertebrate
may increase pullout strength (44). These techniques may enhance osteoporotic spine
fusion through stabilization of fusion segments.

Discussion
Osteoporosis is a degenerative disease present that currently affects over 10 million
people worldwide (45). In the Fourth Korea National Health and Nutrition Examination
Survey 2008–2009, 39.1% of women aged 50 years or older in Korea were reported to
have osteoporosis (46). In addition, the prevalence of osteoporosis in the lumbar spine in
women between 50 and 59, 60 and 69, and over 70 years old are 15.4%, 44.5%, 60.9%,
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respectively (46). Furthermore, the prevalence of osteoporosis in male and female
patients over 50 years old who underwent spinal surgery were 14.5% and 51.3%,
respectively (4). Although the skeletal system seems to be a static organ, the bone is a
dynamic tissue microscopically. In other words, microcracks in bone occur continuously
and repair of microcracks and bone remodeling develops in cancellous and cortical bone
(47, 48). Basic mechanism of bone remodeling is performed by BMU, which comprises
osteoclasts, osteoblasts, bone lining cells and osteocytes within the bone remodeling
cavity (49). The dynamic nature of bone is achieved by bone remodeling harmonic
relationship of BMU. Positive remodeling occurs in the growing skeleton, and negative
remodeling causes reduced BMD and osteoporosis. Among several causes of
osteoporosis, menopause is the most common etiology. The estrogen deficiency causes
shorter osteoblast and osteocytes lifespan, and prolongation of osteoclast lifespan (50,
51). The longer lifespan of osteoclasts is responsible for deeper absorption of
microcracks and the increased osteocyte apoptosis may impair the osteocytes-canalicular
mechanoreceptor for skeletal signals in the detection of microdamage and repair (50).
Therefore, in postmenopausal osteoporosis, the rate of osteoblast-mediated bone
formation is lower than the rate of osteoclast-related bone resorption and negative
remodeling of bone in postmenopausal osteoporosis can cause skeletal fragility and
delayed bone fusion in the graft site (3, 52). To overcome the negative bone remodeling
in osteoporotic spine, appropriate anti-osteoporotic medication and osteogenic local
administration in fusion bed should be considered in osteoporotic patients who undergo
spine fusion surgery. For systematic treatment of osteoporotic patients with spine fusion,
the understanding and appropriate prescription of anti-osteoporotic drugs is important.
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Data from other articles and our own research studies indicate that anabolic medication
such as PTH may offer an advantage over antiresorptive agents such as BPs and SERM.
In addition, although BPs do not significantly decrease the fusion rate, the degree of
maturation and remodeling of grafted bone mass in response to SERM may be superior
to BPs. However, before the selection of anti-osteoporotic medication, personalized
therapy should be considered according to the cost and the complication of drugs. The
human is a bipedal animal. However, axial loading was not considered in all animal
studies using osteoporotic spine fusion. Hence, the animal model cannot fully reproduce
the clinical filed. In the present article, there were few reports on local administration
into fusion bed, as compared to the effect of anti-osteoporotic drug on spine fusion.
Because early bone formation is important to decrease fusion failure in the osteoporotic
spine, the local administration into the fusion bed will be considered in the future study.

Conclusion
Osteoporosis, which results in fragile bone and negative bone remodeling, is a risk factor
of fusion failure in spine surgery. Therefore, prior to performing osteoporotic spinal
fusion, surgeons should consider multidisciplinary strategies, including the use of the
effective antiresorptive agents and anabolic agent as PTH, proper instrumentation and
bone substitutes. Perioperative strategies in osteoporotic patients may affect the
radiological and clinical outcomes.
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국문 초록

골다공증 척추의 척추 유합 강화를 위한
전략들

서울대학교 대학원
의학과 뇌신경과학 과정
박성배
골다공증은 전세계적인 퇴행성 질환이다. 최근 골다공증이 동반된 노령인구의
수술 적응증이 늘어나고 있다. 새로운 골 형성과 개조가 척추의 유합 장소에
서 발생되며, 골다공증은 골 개조에 음성적인 측면을 보여서 척추유합을 지연
시킨다. 그래서 골다공증과 비 골다공증 척추 유합에서 골 유합 과정의 차이
에 대한 이해는 골다공증 환자를 치료하는 척추외과의사에서 필수적이다. 그
러나 골다공증 환자의 척추 유합에 대한 치료 전략에 관한 논문은 소수이다.
저자는 항 골다공증 치료 약제, 골대체제 및 기구 강화의 측면에서 골다공증
척추의 골유합을 강화할 수 있는 방법들에 대해서 저자의 실험 결과들과 기
존 논문들의 고찰을 통하여 기술하였다. 흔한 골다공증 약제들 중에서 비스포
스포네이트는 골 유합을 방해하지는 않으나, 유합골의 성숙을 방해한다. 선택
적 에스트로겐 수용체 조절자는 골다공증 척추 융합 모델을 이용한 실험에서
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골 개조를 강화시켰으며, 골 유합 및 골 형성이 이 약제를 통하여 강화될 수
있다. 동화제제인 부갑상선 호르몬은 골 유합 및 골 형성 부분에서 비스포스
포네이트와 선택적 에스트로겐 수용체 조절자를 넘어서는 장점을 제공해줄
것이다. 골 유도 물질인 재 조합형 인간 골 형성 단백질 2는 난소제거 쥐의
척추 유합을 강화시키고, 조기 골 형성을 유도한다. 따라서, 골 유도 물질인
재 조합형 인간 골 형성 단백질 2는 골다공증 환자에서 척추 유합의 결과를
향상시킬 수 있다.

뽑힘 강도를 강화시킨 기구들이나 기술들은 견고한 고정

을 통하여 유합율을 향상 시킬 수 있다. 골다공증 환자의 수술 전, 후 전략들
은 방사선학적으로나 임상적인 결과에 영향을 키 칠 수 있다. 따라서, 골다공
증 척추 수술 전에 외과의사는 적절한 골다공증 약제, 골대체제, 기구 및 기
술에 대해서 반드시 고려해야 한다.

주요어: 골다공증, 쥐, 항 골다공증 치료, 유합, 개조
학번: 2009-30563
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Tables
Table 1. The comparison of fusion rate and compactness

4 weeks

8 weeks

10 weeks

66.6% (4/6)

83.3% (5/6)

83.3% (5/6)

50% (3/6)

50% (3/6)

50% (3/6)

0.567

0.505

0.505

16.6% (1/6)

83.3% (5/6)

100% (6/6)

33.3% (2/6)

50% (3/6)

50% (3/6)

0.500

0.505

0.046

Non-osteoporotic
group
`Fusion rate

Osteoporotic
group
P value
Non-osteoporotic
group

Compactness

Osteoporotic
group
P value
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Table 2. The value of bone mineral density (BMD) density in three
groups

Control group

OVX group

SERMS group

P value
(OVX vs.
SERMS )

2

1.287 ±
0.1812

1.241 ±
0.0224*

1.231 ±
0.1578*

0.432

2

1.298 ±
0.0304

1.199 ±
0.0285*

1.249 ±
0.0332*

0.003

After OVX

8 weeks (g/cm )

16 weeks (g/cm )

*, p < 0.05 vs Control group
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Table 3. The fusion rate and bone volume ratio in three groups
Manual
palpation

Right side

Control group

13/16
(81.2%)

12/16
(75%)

OVX group

6/16
(37.5%)

SERMS group

After OVX (16wks)

P
value

Left side

Bone volume /
Total volume %
8 wks

16 wks

13/16
(81.2%)

2.00 ±
0.451

2.16
±0.706

6/16
(37.5%)

4/16 (25%)

1.57 ±
0.319

1.52 ±
0.395

10/16
(62.5%)

9/16
(56.2%)

10/16
(62.5%)

1.55 ±
0.493

2.23 ±
0.703

Control vs.
OVX vs.
SERMS

0.040

0.102

0.005

0.003

0.002

OVX vs.
SERMS

0.157

0.288

0.037

1.000

0.002
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Figure 1. Procedures of ovariectomy in rat.

Anesthetized rat is laid prone on operating table. Thick black arrow: shaving site (A).
Skin incision point is located just medial portion of the most bulged area (★) or a thumb
used to find the incision point (dotted arrow) (B). External oblique muscle is exposed
after skin incision. Thick black arrow: External oblique muscle (C). After the muscle
dissection, peritoneal space and adipose tissue surrounding ovary are exposed. Dotted
arrow : adipose tissue surrounding ovary (D). The surrounding fat must be gently pulled
to avoid detachment of small pieces of ovary (E). This shows ovary (thick black arrow)
and uterine horn (dotted arrow) surrounded by fat (F). Ligation must undergo at distal
uterine horn in order to get rid of total ovary at a time (G). Ovary surrounded by fat is
removed totally (thick black arrow) (H).
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Figure 2. Microcomputed tomography scanning of fusion masses

The figure shows three dimensional (3D) reconstructed images from both groups after
surgery. The pictures in the upper row show serial 3D-reconstructed images from rat in
the non-OVX group. The grafted bone materials were inserted on the fusion bed between
the L4 and L5 transverse processes. The shape of the bone fragments 10 weeks after
surgery was more compact compared with that in the early period after surgery. The
pictures in the lower row are 3D-reconstructed images from rat in the OVX group. The
shape of the grafted bone at 10 weeks was less compact in the OVX group than in the
non-OVX group. (OVX = ovariectomy).
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Figure 3. Microcomputed tomography scanning of fusion masses

The upper row shows the measured bone volume in the fusion bed 4 and 8 weeks after
arthrodesis. The middle and lower rows show 3D-reconstructed and axial images in all
groups after surgery. Red color indicates the grafted and newly formed bone. Four weeks
after surgery, only the sham group had new bone formation near the transverse processes.
Eight weeks after surgery, the late BP group had new bone formation and incorporation
into the transverse processes similar to that in the sham group. Eight weeks after surgery,
the sham and early BP groups had a more compact fusion mass compared with the
non-BP and late BP groups. (BP = bisphoshponate)
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Figure 4. The value of mRNA expression in fusion mass

The mRNA expression levels relative to GAPDH showed that expression levels of all
genes were higher in the SERM group at 4 weeks after fusion surgery than in the OVX
group. The expression of osteocalcin in the SERM group increased up to 8 weeks after
fusion surgery. The OVX group showed a similar pattern of changes in mRNA to that of
the Control group
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Figure 5. Microcomputed tomography scanning of fusion masses

The figure shows 3-D reconstructed images from all groups after surgery. The
consolidation of the bone fragment in the fusion bed in the OVX group was weaker than
that in the SERM group. The bone contour in the SERM group was more compact than
that in the OVX group at 8 weeks after fusion surgery. (OVX = ovariectomy, SERM =
selective estrogen receptor modulator).
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Figure 6. Histological examination of fusion mass

At 4 weeks, active endochondral ossification with cartilage tissue (bright red-stained
tissue, “C”) was observed in the grafted site in the Control and SERM groups. However,
the OVX group showed weak endochondral ossification with cartilage tissue. At 8 weeks
after fusion surgery, the Control and SERM groups showed a large matured trabecular
area (“M”) with healed cortical bone of the transverse processes. However, in the OVX
group, there was a large amount of fibrous tissue among the bone fragments at 8 weeks
postfusion. (B = bone, C = cartilage, F = fibrous tissue, T = trabecular area, M = matured
trabecular area, arrow = transverse process).
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Figure 7. Microcomputed tomography scanning of fusion masses

The figure show 3D-reconstructed images in all groups after surgery. There is the grafted
and new bone between intertransverse processes. (OVX = ovariectomy)
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