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Regeneration of Bone Defect with Mesenchymal Stem Cell in Rat Femur

Yuu NISHIZAWA
Department of Orthopaedic Surgery, Teikyo University School of Medicine

Background . Several invasive procedures have been used for treating segmental defects and non-
union. Surgical interventions include autologous and artificial bone graft. Recent advances in the field of
tissue engineering have developed new procedures enabling bone regeneration. In this study, we focused
on bone marrow derived mesenchymal stem cells (MSC). After determining that a bmm defect is non-
healable in rat femur and that an external fixation device we had developed is capable of supporting such
a defect during treatment, we evaluated the benefits of MSC usage in the regeneration of bone defect in
rat model.

Methods : Male Fisher rats (n=30) underwent a femoral osteotomy to create a non-healing segmen-
tal defect (5 mm size), which was stabilized with the fixator. Ten rats received tissue-engineered bone
graft implants consisting of porous PLGA/HAP composite blocks (PPHC) seeded with bone marrow de-
rived mesenchymal stem cells (MSC treatment group), while another 10 rats received PPHC only

(PPHC group), and the remaining 10 received no bone graft (non-treatment group).

Results | At 8 weeks, the treatment groups both showed bridging of the defect with remarkable new
bone formation, with that of the MSC group significantly more pronounced than that of the PPHC group.
In contrast, the non-treatment group showed only marginal new bone formation, but no apparent heal-
ing.

Conclusions | In conclusion, it is considered that the use of MSC in combination with a porous scaf-
folding of PPHC can obtain more favorable bone defect regeneration than the use of PPHC alone.

Key words . mesenchymal stem cell, bone repair, rat, pseudarthrosis, tissue engineering
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Abstract

Background Posttraumatic stress symptom (PTSS) and
posttraumatic growth (PTG) were surveyed in parents of
childhood, adolescent and young adult patients with high-
-grade osteosarcoma.

Methods A questionnaire survey was performed in par-
ents of patients with osteosarcoma (51 families). The
Impact of Event Scale-Revised (IES-R) and posttraumatic
growth inventory (PTGI) were employed for the evaluation
of PTSS and PTG, respectively. The mean scores were
compared with those in preceding studies employing the
same scales. In addition, the correlation between the IES-R
and PTGI scores was investigated in the parents.

Results  Fifty-eight subjects of 34 families (30 fathers and
28 mothers) replied to the questionnaire. The mean IES-R
score in the parents was 18.5, which was higher than that in
patients with osteosarcoma (9.7) in our previous study. The
mean PTGI score in the parents was 44.9, which was
higher than that in university students (33.9) reported by
Taku et al. A positive correlation was noted between the
IES-R and PTGI scores in the parents.

Conclusions The PTSS level tended to be higher in the
parents rather than in patients with osteosarcoma. The PTG
level increased as the PTSS level tose in the parents.
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Introduction

Humans show 2 contrary reactions after experiencing
mental trauma. One is a negative reaction on feeling the
mental stress of the trauma, termed a posttraumatic stress
symptom (PTSS) [1, 2]. The other is a positive reaction,
mental growth, termed posttraumatic growth (PTG) [3].
PTSS has been reported for a long time, but the concept of
PTG has only been reported over about the last decade.

We have studied the quality of life (QOL) of long-term
survivors with high-grade osteosarcoma [4]. We investi-
gated psychosocial outcomes of long-term survivors with
osteosarcoma, and reported that their PTSS level was low
and their PTG level was high. We also reported that a
favorable family function reduced the PTSS level in long-
term survivors with osteosarcoma, and the strengthening of
social support elevated their PTG level [5].

In pediatric cancer cases, PTSS and PTG may occur not
only in patients but also in their parents. PTSS and PTG in
parents of patients with pediatric cancer have recently been
increasingly reported [6—10], but there has been no study
on PTSS and PTG in which the subjects were limited to
parents of childhood, adolescent and young adult patients
with high-grade osteosarcoma. We performed a question-
naire survey on PTSS and PTG in parents of patients with
osteosarcoma freated at our center to clarify the current
state and problems.

To our knowledge, this is the first report in which PTSS
and PTG were investigated in parents of patients with
osteosarcoma. This study showed that the PTSS level
tended to be higher in the parents than in the patients with
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osteosarcoma. In addition, the PTG level increased as the
PTSS level rose in the parents.

Materials and methods
Participants

Fifty-one patients with osteosarcoma met all of the
following 4 conditions: (1) patients with high-grade oste-
osarcoma treated at our center in 1976 and thereafter,
(2) younger than 20 years at the time of diagnosis, (3)
disease-free for 3 years or longer after the completion of
treatment, and (4) being followed up with a known address.
A questionnaire survey on PTSS and PTG was performed
in the parents of these 51 patients. Prior to this study, the
protocol was approved by the Institutional Research Board.
Informed consent was obtained from each participant.

Evaluation of PTSS and PTG in parents

The Impact of Event Scale-Revised (IES-R) was employed
to evaluate PTSS in the parents, and the posttraumatic
growth inventory (PTGI) for PTG. The mean scores were
compared with those in previous studies employing the
same scales.

IES-R is a self-report questionnaire comprising 22
items. The PTSS level rises as the score increases. IES-R
contains 3 subscales (Intrusion, Avoidance, Hyperarousal)
[1, 11]. PTGl is also a self-report questionnaire comprising
18 items, and the PTG level rises as the score increases.
PTGI contains 4 subscales (Relating to others, New pos-
sibilities, Personal strength, Spiritual change and appreci-
ation of life) [3, 12, 13].

Factors correlated with IES-R and PTGI of parents

Correlations of the IES-R and PTGI scores of parents with
the parents’ age at the time of survey, parents’ gender,
patients’ age at the time of diagnosis, patients’ gender, state
of the affected limb of the patients, and time after the end
of treatment were investigated.

Correlation between IES-R and PTGI in parents

The correlation between the IES-R and PTGI scores in par-
ents was investigated. IES-R was divided into 3 subscales:
IESR-Intrusion, IESR-Avoidance, and IESR-Hyperarousal,
and PTGI was divided into 4 subscales: PTGI-Relating
to others, PTGI-New possibilities, PTGI-Personal strength,
and PTGI-Spiritual change and appreciation of life.
The correlation between the individual subscales was
investigated.

@ Springer

Statistical analysis

Correlations were investigated employing Pearson’s cor-
relation coefficient. A p value <0.05 was considered to be
statistically significant for all tests. The data were analyzed
with StatView 5.0 (Abacus Concepts, Inc., Piscataway, NJ,
USA).

Results

Thirty-four families (66.7%) replied to the questionnaire.
The patients’ clinical characteristics of the 51 eligible
families and 34 families included in the study are shown in
Table 1. Only the father participated in 6 families, only the
mother participated in 4 families, and both parents partic-
ipated in 24 families; 30 fathers and 28 mothers replied to
the questionnaire. The age of the parents at the time of
survey was 41-79 years (mean 61.6 years), and those of
fathers and mothers were 45-79 (mean 63.1 years) and
41-76 years (mean 59.8 years), respectively. The time
after the completion of treatment was 43-375 months
(mean 210 months).

The mean IES-R score was 18.5 in the parents of
patients with osteosarcoma (Table 2), 9.7 in patients with

Table 1 Clinical characteristics of patients

Eligible
patients
(51 patients)

Respondents
(34 patients)

Gender 29 males and 21 males and
22 females 13 females
Age at diagnosis (years) 4-19 (mean 7-18 (mean
13.0) 12.9)
Site of the primary lesion
Distal femur 26 16
Proximal tibia 11 8
Proximal humerus 8 6
Proximal fibula 3 2
Proximal femur 1 1
Distal tibia 1 1
Distal radius 1 0
State of the affected limb
Amputation 19 12
Rotationplasty 5 5
Limb-sparing
TIA 14 8
Resection alone 6 5
VFG 7 4
Time after the end of treatment 43-375 43-375
(months) (mean (mean
205.1) 218.4)

TJA total joint arthroplasty, VFG vascularized fibular graft
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Table 2 IES-R and PTGI scores in parents (n = 58)

Table 5 Correlation between IES-R subscales and PTGI subscales

Mean SD Minimum Maximum IES-R total  Intrusion  Avoidance  Hyperarousal
IES-R 185 16.1 1 60 PTGI total
PTGI 449 16.9 13 77 Pearson 0478 0.470 0.463 0.396
SD standard deviation pvalue  <0.001 <0.001 <0.001 0.002
Relation to others
Pearson 0.491 0.478 0.470 0.424
Table 3 Comparison from the literature on IES-R and PTGI pvalue  <0.001 <0.001 <0.001 <0.001
Parents Fathers Mothers Patients Jurbergs Taku  New possibilities
[5] etal. [9] etal Pearson 0.429 0.433 0.405 0.355
(2] pvalue  <0.001 <0.001 0.002 0.006
IES-R 185 20.6 15.6 9.7 183 - Personal strength
PTGI 449 428 464 51.8 - 33.9 Pearson 0.304 0.322 0.286 0.229
p value 0.021 0.014 0.031 0.086
Spiritual change and appreciation of life
Table 4 Correlation of IES-R and PTGI of parents with each factor Pearson 0.469 0431 0.480 0.389
IES-R PTGI pvalue  <0.001 <0.001 <0.001 0.003
Parents’ age at the time of survey Pearson Pearson’s correlation coefficient
Pearson 0.084 0.225
p value 0.538 0.093 p = 0.0001). A significant correlation was absent only
Parents’ gender between ‘Hyperarousal’ of IES-R and ‘Personal strength’
Pearson —0.158 0.106 of PTGI. All other subscales of IES-R and PTGI were
p value 0.241 0.433 significantly correlated (Table 5).
Patients’ age at the time of diagnosis
Pearson 0.231 0.188
p value 0.084 0.162 Discussion
Patients’ gender
Pearson —0.064 0.024 In pediatric cancer cases, PTSS and PTG may occur not
p value 0.638 0.861 only in patients but also in their parents. PTSS and PTG in
State of the affected limb of the patients parents of patients with pediatric cancer have recently been
Pearson —0.193 —0.130 increasingly reported [6-10], but there has been no study
p value 0.151 0.335 on PTSS and PTG in which the subjects were limited to
Time after the end of treatment parents of patients with osteosarcoma.
Pearson —0.030 0.156 In the literature concerning PTSS of parents of
p value 0.824 0.247 patients with pediatric cancer, Kazak et al. [6] measured

Pearson Pearson’s correlation coefficient

osteosarcoma in our previous study [5], and 18.34 in par-
ents of patients with pediatric cancer reported by Jurbergs
et al. [9] (Table 3).

The mean PTGI score was 44.9 in the parents of patients
with osteosarcoma (Table 2), 51.8 in patients with osteo-
sarcoma in our previous study [5], and 33.9 in Japanese
university students reported by Taku et al. [12] (Table 3).

Neither the IES-R nor the PTGI score was significantly
correlated with the parents’ age at the time of survey,
parents’ gender, patients’ age at the time of diagnosis,
patients’ gender, state of the affected limb of the patients,
or time after the end of treatment (Table 4).

A significant positive correlation was observed between
the mean IES-R and PTGI scores in the parents (r = 0.478,

the PTSS level by employing IES-R in parents of sur-
vivors with pediatric cancer, and observed that the mean
scores in the mothers and fathers were 28.2 and 24.2,
respectively. Jurbergs et al. [9] also measured the PTSS
level by employing IES-R in parents of patients with
pediatric cancer, and observed a mean score in the
parents of 18.34.

In our study, the mean IES-R score was 18.5 in the
parents of the patients with osteosarcoma, similar to that
reported by Jurbergs et al. [9]; that in patients with oste-
osarcoma was 9.7 in our previous study [5]. The mean IES-
R score tended to be higher in the parents rather than in the
patients with osteosarcoma, showing that the PTSS level
tended to be higher in the parents rather than in the
patients. Continuous appropriate counseling may be nec-
essary not only for patients but also for their parents.
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Jurbergs et al. [9] reported that the mean IES-R score
was high in parents whose children were under treatment
or experienced recurrence, showing a high PTSS level in
these parents. Our study investigated parents of long-
term survivors with osteosarcoma, but did not include
parents whose children were under treatment or experi-
enced recurrence. A higher PTSS level is expected in
parents of patients under treatment and with experience
of recurrence. PTSS in these parents remains to be
investigated.

The mean PTGI score was 44.9 in the parents of the
patients with osteosarcoma, and this was higher than that in
university students in Japan (33.9) reported by Taku et al.
[12], showing that they mentally grew through experienc-
ing their child’s disease, but the mean PTGI score in the
parents was lower than that in patients with osteosarcoma
(51.8) previously reported by us [5], showing that the PTG
level of the parents tended to be lower than that of the
patients.

In our previous study, no correlation was noted between
PTSS and PTG in patients with osteosarcoma [5]. A sig-
nificant positive correlation was present between the mean
IES-R and PTGI scores in the parents in this study,
showing that the PTG level increased as the PTSS level
rose in the parents. Continuous appropriate counseling of
parents of patients may change the negative reactions of the
parents to markedly positive reactions. Counseling of
patients has been slowly spreading, but continuous,
appropriate counseling of parents of patients may be nec-
essary in the future.

Regarding the limitations of this study, since the sub-
Jects were parents of patients with osteosarcoma at a single
center, it is unclear whether the findings can be general-
ized. Moreover, the previous studies were adopted for the
control, i.e., historical control, but it may be necessary to
establish a control within the study. Strict comparison of
IES-R and PTGI between the patients [5] and their parents
(this study) was impossible because the surveys of the
patients and their parents were not performed in the same
period, and the cohort was not identical. We are planning to
perform a multicenter study and increase the number of
participants.

In conclusion, the PTSS level tended to be higher in the
parents rather than in the patients with osteosarcoma. The
parents mentally grew through experiencing their child’s

_Q_l Springer

disease, but the PTG level in the parents was lower than
that in the patients. The PTG level increased as the PTSS
level rose in the parents.

Contlict of interest No author has any conflict of interest.
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Malignant Pigmented Villonodular Synovitis in the Knee - Report of a

Case with Rapid Clinical Progression

Naoaki Imakiire', Takashi Fujino?, Takeshi Morii ", Keita Honya®, Kazuo Mochizuki’,

Kazuhiko Satomi' and Yasunori Fujioka’

Department of 'Orthopaedic Surgery, *Pathology, and *Radiology. Kyorin University Faculty of Medicine. 6-20-2

Shinkawa Mitaka Tokyo 181-8611 Japan

Abstract: Malignant pigmented villonodular synovitis (PVNS) (or malignant giant cell tumor of tendon sheath (GCTTS)
is an extremely rare condition defined as a malignant lesion occurring with concomitant or previously documented PVNS
at the same site. To date, only less than 20 cases have been reported in English literatures. We report a case of malignant
PVNS in the knee in a 56-year-old woman with unpredictable rapid progression. This case raised a caution that when
atypical components in specimens of recurrent benign PVNS are detected, even if low-grade or tiny, both pathologists and
surgeons should consider the risk of malignant PVNS, which could display aggressive clinical progression.

Keywords: Soft tissue tumor, malignant pigmented villonodular synovitis, malignant giant cell tumor of tendon sheath.

CASE PRESENTATION

A 56-year-old woman with a painful mass in the
posterior part of the left knee was admitted to a nearby clinic
in 1995. Magnetic resonance imaging (MRI) demonstrated a
lobular mass (Fig. 1a). Subtotal removal was performed in
Jane 1996 in that clinic under the diagnosis of conventional
pigmented villonodular synovitis. Although local recurrence
was detected 6 months after surgery, no plan was made for
excision because the disease remained stable during the next
10 years. She was followed by the clinic. Later, for diagnosis
confirmation, we accessed the specimen from the first
operation, revealing marked proliferation of synovia, nodular
growth, scattered hemosiderin-laden macrophages and
osteoclastic giant cells. No focal sarcomatous components
were identified anywhere in the specimen. These findings
met the diagnostic criteria for benign PVNS (Fig. 1b, ).

Due to the progressive intolerable pain lasting for 6
months in 2006, she visited our mstitute. Plain radiography
revealed osteolytic lesions in both the femur and the tibia.
MRI demonstrated abnormal masses around the knee joint
with bone invasion (Fig. 2a). A second excision was
therefore performed in December 2006 under a diagnosis of
residual PVNS. For extra-articular lesion, marginal resection
was performed. Curcttage and artificial bone graft were
performed for intraosscous lesion. A large part of the
specimen from the second operation revealed typical PVNS.
However, a subtle nodular myxomatous focus with transition
from ordinary PVNS was apparent (Fig. 2b). Atypical
spindle cells were seen proliferating in the myxoid stroma
(Fig. 2¢). Solid nodule of pleomorphic and spindle cells in
other aspects with transition from conventional PVNS area
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were confirmed (Fig. 2d, e). In these areas, MIB-1 index (the
percentage of Ki-67-positive cells based on a count of 1000
tumor cells within the tumor) was, however, less than 15%.
Pleomorphism was not evident. No necrotic lesion was seen
throughout the specimen. Thus at that time, it was difficult to
determine whether this condition was benign or low grade
malignancy and we decided to perform intensive observation
at the outpatients’ clinic.

During the next 3 months, rapid and aggressive relapse
progressed with pathological fractures occurring in the distal
femur and proximal tibia (Fig. 3a). Soft tissue invasion was
detected up to the proximal part of the thigh (Fig. 3b).
Therefore we decided to undergo disarticulation for local
control (Fig. 3¢, d). The specimen from the third operation
showed a destructive multi-nodular growth pattern with
myxomatous and solid components. The lesion displayed
atypical spindle cells, similar to those in the tiny atypical
focus of the second specimen (Fig. 3e). Although a very
subtle trace of a benign PVNS-like component was detected,
most of the specimen was occupied by low-grade malignant
component. High grade component was not detected
throughout the specimen. Immunohistochemical studies
including S-100, desmin, smooth muscle actin, and CD99,
revealed no significant differentiation markers in these
components from both second and third operations. Again,
MIB-1 index was less than 15%.

Suspected multiple metastases were identified on the first
lumbar vertebra and pelvis 11 months after the third surgery.
We prescribed a course of postoperative chemotherapy using
ifosfamide (10g/m2) and doxorubicin (60mg/m?), following
administration of zoledronate and carbon ion radiotherapy
for local control of bone metastases. The patient remains
alive with the disease 21 months after the third operation
without evident lung metastases. The patient was informed
that data concerning the case would be submitted for
publication, and she consented.
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Fig. (1). First operation at nearby clinic. a; MRI before the first
excision, showing a well-demarcated lobular mass at the posterior
part of the knee. b and ¢; Histological findings of the specimen
from the first excision, showing conventional PVNS without any
trace of malignancy (hematoxylin and eosin stain, b; original
magnification x40, ¢; x200).
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Fig. (2). Second operation. a; MRI showing enlargement of the
residual tumor together with bone destruction. b-e: Specimen from
the second excision (hematoxylin and eosin stain, b; original
magnification x20, ¢; x200, d; x20, e; x200).
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Fig. (3). Third operation. a and b; MRI at 3 months after the second
operation. Whole bone occupation is seen, with pathological
fracture in the femur. Broad subcutaneous occupation is also
apparent (a). Tumor invasion into the proximal part of the thigh (b).
¢ and d; macroscopic findings of the specimen from the
disarticulated limb. e; Lobular proliferation of atypical tumor cells,
myxoid stroma and dissepiments throughout the specimen
(hematoxylin and eosin stain, original magnification x200). No high
grade component was detected throughout the specimen.

DISCUSSION

Malignant PVNS is an extremely rare condition but
established concept involving a malignant form of GCTTS
or PVNS. Enzinger and Weiss proposed the definition of the
condition as a malignant lesion occurring with concomitant
or previously documented conventional PVNS at the same
site [1]. In the present case, both clinical and histological
data met this criterion, warranting the diagnosis of malignant
PVNS.

Although some of the previous cases reported as
malignant PVNS were not accepted as this entity by ohter
authors [1, 2], to date, about 20 cases of this entity were
reported in English literatures [2-13]. Clinical property of
this entity was summarized as follows based on these
reports. Their ages ranging from 12 to 78, average 52, years.
Most cases involved the knee and the ankle [2-4, 6, 8, 9].
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Almost half of the patients died during the follow up period
[3-6, 10]. Limb salvage was difficult due to repeated local
recurrence or joint involvement, and for most cases
amputation was indicated [2-6, 8-10]. However in some
younger patients’ cases, lethal events could be avoided for
more than 40 years after the initial treatment in spite of the
repeated local recurrence [2-4].

Bertoni et al. analyzed eight typical cases and extracted
common histological features: 1) a nodular solid infiltrative
growth pattern; 2) large, plump round or oval cells; 3) cells
with large nuclei containing prominent nucleoli; 4) necrotic
areas; and 5) absence of a zonal pattern of maturation [3].
Although features 1), 4) and 5) matched the findings in the
present case, some interesting variations were seen in both
cell shape and background components, specifically in the
form of short spindle cells with nodular myxoid infiltrative
pattern. We propose here that the present case represents an
example of malignant PVNS with histological features of
myxofibrosarcoma. Indeed, cases previously reported as
malignant PVNS have displayed some variations in
histological findings diverging from the description by
Bertoni et al. such as proliferation of spindle-shaped cells [2,
4, 7], myofibroblast-like components [9], osteosarcomatous
lesion [11] or myxoid components [4, 14].

The notable feature of the present case was the
discrepancy between low-grade histological findings and
rapid, extensive clinical progression. Malignant components
from both the second and third operation showed a low
mitotic rate. Atypia and pleomorphism were not evident.
Areas of necrosis were not dominant. All these findings
suggested low histological grade. We failed to make rational
explanation for the discrepancy, however, examples of
aggressive clinical behavior of malignant PVNS with rather
low mitotic rate (<10 per 10 high-power fields) have been
previously reported [4, 10]. Our experience suggested a
strong need for an appropriate and careful pathological work
up for discriminating between conventional and malignant
PVSN. In cases of less experienced pathologic centers, a
transfer to an expert might be kept in mind.

CONCLUSION

An  unusual form of malignant PVNS with
myxofibrosarcoma-like components was reported. This case
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indicated that caution is warranted regarding the probability
of unpredictable rapid clinical progression in aggressive or
malignant PVNS, even when histological grade appears low.
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