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Figure 1. (A) Elastic moduli of porous HAp/Col after gamma-ray
irradiation at 10 and 20% strain (N = 5). *p < 0.05 versus control,
*p < 0.05 versus 16 kGy, **p < 0.05 versus 25 kGy, ***p < 0.05
versus 35 kGy, ****p < 0.05 versus 50 kGy. (B) SEM images of the
porous structure of HAp/Col before and after compression testing.

25 kGy 35 kGy

kGy implant was advanced when compared with the 16-
kGy and control groups. Some control implants even main-
tained their original porous structure at 8 weeks.

Porous HAp/Col at the Skeletal Site. At 2 weeks after
implantation, absorption of the irradiated implants was

* *
* K K * * * * *
LR * Kk K * ko * ok E * %
A KRR KAKEK KRk kR KRk KRk * % Kk

# th(N=3)
2h(N=6)

Weight remaining rate of HAp/Col(%)

Control 16 kGy 25 kGy I5kGy 50kGy

Figure 2. Weight of porous HAp/Col remaining after collagenase
digestion. incubation time of 1 (N = 3) or 2 h (N = 6). *p < 0.05 ver-
sus control, *p < 0.05 versus 16 kGy, **p < 0.05 versus 25 kGy,

=**p < 0.05 versus 35 kGy, ****p < 0.05 versus 50 kGy.
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Figure 3. Residual volume of porous HAp/Col in back muscle quan-
tified by micro-CT analysis. *p < 0.05 versus control, **p < 0.05 ver-
sus 16 kGy, **p < 0.05 versus 25 kGy, ***p < 0.05 versus 35 kGy,
****p < 0.05 versus 50 kGy.

dose-dependent, with bioabsorption, fragmentation, and soft
tissue invasion from the extraskeletal site observed for
50-kGy implants. Bone formation in the marrow cavity also
showed irradiation dose-dependent increases (Figure 5).

At 4 weeks postoperatively, the bone defects of each
group were almost completely closed, with no significant
differences in the amount of residual implant or bone tissue
in the marrow cavity. At 8 weeks, normal bone marrow
cavities were restored; implants and surplus bone in the
cavities were almost completely absorbed, and small rem-
nants of the implants surrounded by the bone tissue were
observed in all groups.

In 2-week implants, TRAP-positive multinucleated cells
were attached to both the cavity and extraskeletal sides,
and the number of TRAP-positive cells increased as the
irradiation dose increased (Figure 6).

The 4-week implants also exhibited a large number of
TRAP-positive cells in every group. The cells were mainly
attached to newly formed bone in the 50-kGy gamma-irra-
diated implants, whereas in the control group, cells mainly
adhered to the implant remnant. The number of TRAP-
positive cells was markedly decreased at 8 weeks when
compared with 2 and 4 weeks postimplantation.

DISCUSSION

In this study, gamma-ray irradiation resulted in dose-depend-
ent reduction of elastic modulus and resistance to biological
digestion for porous HAp/Col, although bone conductivity at
skeletal implantation sites was not impaired.

Gamma-ray irradiation from Cobalt 60 sources is a pop-
ular sterilization method for medical devices, including
implant materials. However, gamma-ray irradiation has also
been reported to degrade collagen by splitting the peptide
chains, thus adversely affecting the mechanical and biologi-
cal properties of collagen-containing materials.">'” Porous

Journal of Biomedical Materials Research Part B: Applied Biomaterials
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Figure 4. Sections of the HAp/Col implant harvested from back muscle at 2 weeks after implanta-
tion (HE staining). (A) Control group (70% ethanol), (B) 16-kGy-irradiated group, (C) 25-kGy-irradi-
ated group, (D) 35-kGy-irradiated group, (E) 50-kGy-irradiated group, (F) high-magnification views
of 25-kGy-irradiated group. H, HAp/Col. M, multinucleated macrophage. Implant fragmentation in
the 35- and 50-kGy groups was severe. [Color figure can be viewed in the online issue, which is

available at www.interscience.wiley.com.]

2 weeks post-implantation

Low-mag. th-mag.
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HAp/Col is a bioabsorbable bone substitute with high
osteoconductivity and unique mechanical properties includ-
ing elasticity; these properties permit facile handling during
surgery.”'®!® Thus, the fragmentation of collagen fibers in
HAp/Col by gamma-ray irradiation may significantly affect
the ease of use of porous HAp/Col implants.

Porous HAp/Col is elastic and sponge-like and does not
have weight-bearing mechanical strength. As a result, its
mechanical properties do not contribute directly to its clini-
cal usefulness and, for orthopedic applications, fixation
devices must also be used at weight-bearing sites. How-
ever, the elasticity of HAp/Col is important for ease of
handling and implantation, and therefore, we evaluated the
effects of gamma-ray irradiation on elasticity. The elastic
moduli of all HAp/Col implants showed irradiation dose-
dependent decrease, with the most noticeable decrease
observed for the 50-kGy group. Additionally, the 50-kGy-
irradiated implants were noticeably fragile during in vivo
transplantation experiments, although SEM images and the
recovery rate after uniaxial compression did not reveal
much degradation.

Bone prosthetic materials are commonly used to fill
bone defects and accelerate natural bone ingrowth. Ideally,
these materials should be absorbed and completely replaced

Figure 5. Coronal sections of femurs crossing the center of the
implant 2 weeks postoperatively (HE staining). Left column shows
lower magnification (X1.25), right column shows higher magnifica-
tion (x10). [Color figure can be viewed in the online issue, which is
available at www.interscience.wiley.com.}
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Control

16 kGy

25 kGy

35 kGy

50 kGy

Figure 6. TRAP staining of femur sections 2 weeks postoperatively. The number of TRAP-positive
cells was irradiation dose-dependent. [Color figure can be viewed in the online issue, which is avail-

able at www.interscience.wiley.com.]

by natural bone in the long term. However, in the clinic,
bone defects are not always surrounded by cortical bone or
periosteum, and healing may be disrupted by soft tissue
invasion of the defect®® Bone substitutes implanted in
bone defects promote healing by accelerating bone
ingrowth due to osteoconductivity and prevention of soft
tissue invasion.”'"*? Hence, bone substitutes should resist
bioabsorption by macrophages with subsequent soft tissue
invasion. Therefore, the effects of gamma-ray irradiation
on the bioabsorbability of porous HAp/Col were tested
using in vitro enzymatic digestion test and in vivo implan-
tation models.

In vitro tests were performed using collagenase, which
is responsible for collagen degradation in vivo.' In vitro
digestion of the HAp/Col implant by collagenase was irra-
diation dose-dependent, with particularly notable degrada-
tion after gamma-ray irradiation at 35 or 50 kGy.

In muscular tissue, the porous HAp/Col nonirradiated
implant maintained its volume and porous structure until
8 weeks after implantation, whereas in skeletal implanta-
tion sites, implants were almost completely absorbed and
replaced by bone tissue. Control implants resisted bioab-
sorption from the extraskeletal site and soft tissue inva-
sion. Intramuscular absorption of irradiated HAp/Col
progressed faster than that of the control, especially for
35-and 50-kGy implants, whose volume decreased mark-
edly at early time points. Absorption of the irradiated
implants in the marrow cavities also progressed faster
than that of the control, although this absorption was
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followed by the ingrowth of new bone. Notably, implant
absorption and bone ingrowth were synchronized; thus,
bone ingrowth of the 50-kGy group was most vigorous at
early time points after transplantation. These findings
indicate that osteoclast—osteoblast coupling mechanisms
might be involved in the osteoconductivity of porous
HAp/Col. Although all bone defects treated with irradi-
ated implants eventually healed in the in vivo model, con-
cavity and soft tissue invasion were observed on the
extraskeletal side of 50-kGy implants due to macrophage
adhesion. Thus, if the bone defects had been larger and a
porous HAp/Col implant sterilized with 50 kGy or more
gamma-ray irradiation had been transplanted, the implant
may have been absorbed and the defect may not have
healed completely.

In this study, porous HAp/Col was treated with
gamma-ray irradiation at 16, 25, 35, and 50 kGy. Irradia-
tion of porous HAp/Col at 16 kGy is the minimum dose
for which we could validate sterility (ISO11137-2006,
data not shown). Gamma-ray irradiation of porous HAp/
Col has few beneficial effects and should thus be applied
sparingly. Our results suggest that the proper gamma-ray
irradiation dose for sterilization of porous HAp/Col is 16
or 25 kGy.

Porous HAp/Col was jointly developed by the Tokyo Medical
and Dental University, the HOYA Corporation, and the National
Institute for Materials Science (NIMS). The authors thank Dr.
Masanori Kikuchi at NIMS for excellent technical support and
advice.
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The effect of preoperative lateral flexibility of the lumbar spine on perceived leg length

discrepancy after total hip arthroplasty.

Daisuke Koga", Tetsuya Jinno", Atsushi Okawa?, Sadao Morita®, Kenichi Shinomiya®"

1) Department of Orthopaedic Surgery, Tokyo Medical and Dental University
2) Department of Medical Education Research and Development, Tokyo Medical and Dental University
3) Department of Rehabilitation Medicine, Tokyo Medical and Dental University

Background: Leg length discrepancy (LLD) after
total hip arthroplasty (THA) is a significant
factor of patient dissatisfaction. Patients with
dissociation between preoperative radiographic
LLD and perceived LLD sometimes feel LLD
postoperatively even if bilateral leg lengths are
equal. There is no publication describing how
to decide the amount of leg lengthening in such
cases.

Purpose: By examining the influence of
preoperative lumbar lateral flexibility on
postoperative perceived LLD, this study aims at
creating a guideline for the optimal planning of leg
lengthening in THA.

Methods: In 59 cases undergoing primary unilateral
THA, radiographic LLD, perceived LLD, pelvic
tilting and lumbar lateral flexibility were measured
preoperatively. The amount of leg lengthening and
the sequential change of the perceived LLD were
measured postoperatively.

Results: Twelve cases (20%) felt the perceived
LLD at two years after surgery. All these cases felt
the operative side longer than the non-operative
side. In 32 cases with preoperative pelvic
inclination to the affected side, postoperative
perceived LLD was significantly greater if
lumbar spine was rigid. In eight cases with pelvic
tilting and rigid lumber spine, the amount of leg
lengthening that exceeded preoperative perceived
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LLD affected the postoperative perceived LLD.
Conclusions: In cases with preoperative pelvic
inclination downward to the affected side
and with rigid lumbar spine, amount of lesg
lengthening should not be excessively greater
than preoperative perceived LLD. In other cases,
lengthening the leg to the same length as the
contralateral side rarely results in postoperative
perceived LLD.

Key word: Total hip arthroplasty,Perceived leg
length discrepancy,Lateral flexibility of
lumbar spine

Introduction

Leg length discrepancy (LLD) after total hip
arthroplasty (THA) is a significant factor of patient
dissatisfaction. In fact, perceived LLD after THA is one
of the largest causes of litigation [1]. In most of cases,
LLD is presented as the feeling that the affected side
is too long [2]. Avoiding perceived postoperative LLD
requires both appropriate preoperative planning and
the accurate surgical technique for lengthening the
leg during surgery. While there have been several
publications describing intraoperative techniques (2-
7], there are none, to our knowledge, that address the
adequate amount of leg lengthening in planning of THA
in order to avoid patient-perceived LLD postoperatively.

In patients with hip diseases where the morbidity
period is short, such as rapidly destructive
coxarthrosis, lengthening the leg to the same length as
the contralateral side rarely results in patient-perceived
LLD problems. However, in cases with chronic hip
disease (e.g. unilateral secondary osteoarthritis due
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to developmental dysplasia of the hip). the patient-
perceived LLD may be more or less compared to
the true LLD, which can be clinically confirmed by
the radiograph, due to the pelvic inclination. in such
cases, it is not easy to determine the optimal amount of
lengthening. If the amount of leg lengthening is as the
same length as the preoperative patient-perceived LLD,
it is unlikely that the patient feel LLD postoperatively.
However, the true LLD and the inclination of the pelvis
remain postoperatively. Such a situation is not ideal
since the inclination of the pelvis has been suggested
to be the cause of the lumbar disease [8]. On the other
hand, if we lengthen the affected leg to the extent of
the true LLD, patients may perceive the LLD when the
pelvic inclination remains postoperatively. While the
optimal leg lengthening amount may lie between the
perceived and actual leg-length discrepancy values, the
determination procedure remains unclear.

We hypothesized that the degree of precperative
fumbar spine mobility plays a role in determining
perceived postoperative LLD: If the patient who has
a flexible lumbar spine receives leg lengthening equal
to the true LLD, it is less likely that they will perceive
a discrepancy postoperatively. On the other hand,
if the patient who has a rigid lumbar spine receives
leg lengthening equal to the true LLD, the chances
for perceived LLD are increased. By examining the
influence of preoperative lumbar lateral flexibility
on postoperative perceived LLD, this study aims at
creating a guideline for the optimal lengthening of
the leg during the operation in order to avoid patient-
perceived LLD problems.

Materials and Methods

Sixty two consecutive cases (63 female, nine male)
undergoing primary unilateral THA due to hip disease
between January 2004 and March 2005 were
investigated prospectively. Three patients whose
postoperative radiographic LLD were 10 mm or more
(the operative side was longer than the contralateral
side radiographically) were excluded from this study.
The average age at the time of the operation was
63.9 vears old (47 to 86). Of the 59 cases, 53 were
diagnosed as osteoarthritis {(secondary osteoarthritis
due to developmental dysplasia of the hip: 50, traumatic
osteoarthritis: one, primary osteoarthritis: two), three as
rapidly destructive coxarthrosis, and three as idiopathic
osteonecrosis of the femoral head. All the operations
were carried out in the lateral decubitus position using
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the posterolateral approach. Care was taken not to
lengthen the leg over the preoperative radiographic
LLD. Verification of the leg length via radiography or
navigation system was not employed intraoperatively.
All 59 cases were followed up for two years. With all
the cases, the following items were measured at one or
two weeks preoperatively: The teardrop tilting ansle,
radiographic LLD, bending range of the lumbar spine,
and perceived LLD. All the items except perceived LLD
were measured using plain radiographs. We defined the
terms and methods of measurement of these values as
below.
® Perceived LLD: In order to measure the patient’
s perceived LLD, we placed blocks beneath the leg
perceived to be shorter. We defined "perceived LL.D”
as the thickness of the block at the point at which
the patient did not perceive LLD. It was measured
repeatedly until the value was confirmed. It was
recorded in 2.5 mm unit intervals (Figure 1). A positive
value indicates that the patient feels the affected side
longer than the contralateral side.
® Radiographic LLD: Radiographic LLD was measured
on standard anteroposterior views of the pelvis with the
hips extended and internally rotated. Radiographic LLD
was defined as the difference between the distances
from teardrop line (a line that connects bilateral inferior
margin of the acetabular teardrop) to the center of
the lesser trochanter for each femur as in previous
studies [4, 9]. The value was corrected with magnifying
power of the radiograph which was calculated using
the known diameter of the metal head of the femoral
component in each case. A positive value indicates that
an affected side is longer than the contralateral side.
e Teardrop tilting angle: An angle between the teardrop
line and the horizontal line in the standing position. A
positive value indicates that the pelvis tilts toward the
affected side. Cases were classified into three groups
according to tear drop tilting angle: tilt-affected-side
group (tear drop tilting angle>2 desgrees). horizontal
group (-2 degrees < tear drop tilting angle<2 degrees),
and tilt-unoperated-side group (tear drop tilting
angle < -2 degrees) (Figure 2).
e [ umbar bending range: An angle between the upper
surface of the first lumbar vertebra and the Jacoby line
was measured using the anteroposterior radiographs
of the lumbar spine taken in standing position. A
positive value indicates that the lumbar spine bends
to the operative side. We defined “lumbar bending
range” of the lumbar spine as the difference of the
angles between the natural standing position and the
maximum lateroflexion to the affected side (Figure 3).



The effect of lumbar lateral flexibility on Preceived LLD after THA 71

Figure 1. Measurement of “perceived LLD".
Perceived LLD was defined as the thickness of the block at the
point at which the patient did not perceive LLD.

op. side

Tit-affected-side Horizontal o Ti!t-unoperated;;ie
group group group
Figure 2. Classification according to the preoperative pelvic
tilting.
Tilt-affected-side group: tear drop tilting angle > 2 degrees
Horizontal group: -2 degrees < tear drop tilting angle < 2 degrees
Tift-unoperated-side group: tear drop tilting angle < -2 degrees

Cases were classified into three groups according
to lumbar lateral flexibility: flexible group (lumbar
bending range > 15 degrees). mid group (5 degrees <
lumbar bending range <15 degrees), and rigid group
(lumbar bending range < 5 desgrees).

Additionally, radiographic leg lengthening and
lengthening beyond perceived LLD were measured
postoperatively. We defined the terms as below.

e Radiographic leg lengthening: Radiographic LLD
measured at three months postoperatively minus
preoperative radiographic LLD. A positive value
indicates that the operated side was lengthened.
Radiographic LLD was also measured at six months,
one year, and two years postoperatively.

e | engthening beyond perceived LLD: Preoperative
perceived (not radiographic) LLD plus amount of
leg lengthening. This value means the amount of leg
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‘op. side

B - o =lumbar bending range

Figure 3. Definition of the “lumbar bending range”.

Lumbar bending range was measured using the anteroposterior
radiographs of the lumbar spine taken in the natural standing
position and the maximum lateroflexion to the affected side. A
positive value of both a and B indicates that the lumbar spine
bends to the operative side.

lengthening beyond the preoperative perceived LLD.

We investigated the following: 1) the reilation between
the preoperative radiographic LLD and the perceived
LLD; the preoperative perceived LLD was compared
with the preoperative radiographic LLD in each group
classified according to the pelvic tilting, and in each
group classified according to the lumbar bending range.
2) The sequential change of the perceived LLD and
the radiographic LLD; measurement of the perceived
LLD was carried out the day before the surgery, at the
hospital discharge (one to two weeks postoperatively),
and at three months, six months, one year, and two
years postoperatively, and the postoperative sequential
change of the perceived LLD was investigated. The
postoperative sequential change of the radiographic
LLD was also investigated. 3) The relation between
the postoperative perceived LLD and the preoperative
lumbar bending range; in each group classified
according to the pelvic tilting, the average perceived
LLD at two vears postoperatively were compared
among the groups classified according to the lumbar
bending range. 4) Factors affecting the postoperative
perceived LLD; each subgroup classified according
to the pelvic tilting and the lumbar bending range was
divided into two groups: cases with the perceived
LLD and the cases without the perceived LLD. The
postoperative radiographic LLD, the radiographic leg
lengthening, and the lengthening beyond perceived LLD
were compared between the two groups to investigate
the significant factor affecting the postoperative
perceived LLD.



72 D. Koga et al.

J Med Dent Sci

Table 1. Relation between preoperative radiographic LLD and preoperative perceived LLD in each group according to pelvic tilting.

n preop. radiographic LLD (mm)

preop. perceived LLD

(mm)
tilt-affected-side group 32 -144 = 93 -70£60 p < 0.0001
horizontal group 24 60x 65 43+ 64 p=003
tilt-unoperated -side group 3 92 %107 -16.7 £ 153 p=052

(average £ SD)

We obtained informed consent about this study from
all the patients.

Statistical analysis: The preoperative radiographic
LLD and the perceived LLD were compared by a paired
t-test. The sequential change of the perceived LLD was
analyzed by a repeated measure one way ANOVA.
The average of postoperative perceived LLD in each
group classified according to the lumbar bending range
was compared by a one way ANOVA followed by a
Scheffe test. The postoperative radiographic LLD,
the radiographic leg lengthening and the lengthening
beyond perceived LLD were compared between the
cases with the perceived LLD and the cases without
the perceived LLD by a Mann-Whitney test. All the
analyses were performed using StatView for Windows
Version 5.0 data analysis software (SAS Institute Inc,
Cary, NC, USA). The level of significance applied was p
< 0.05.

Results

1) Relation between the preoperative radiographic
LLD and the perceived LLD

The pelvis in natural standing position inclined to the
affected side in excess of two degrees in 54.2% (tilt-
affected-side group), horizontal in 40.7% (horizontal
group), and inclined to the unoperated side in 5.1%
(tilt-unoperated-side group) preoperatively. Causes
of inclination to the unoperated side were severe
adduction contracture of the affected side hip joint, or
lumbar scoliosis. The relation between the radiographic
LLD and the perceived LLD in each group is shown in
Table 1 . In tilt-affected-side group, the absolute value
of the perceived LLD was significantly smaller than
that of the radiographic LLD (p < 0.0001). In horizontal
group, there was significant difference between the
radiographic LLD and the perceived LLD (p = 0.03),
although the difference was smaller than that of Tilt-
affected-side group. In tilt-unoperated-side group, the
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{paired t-test)

perceived LLD was greater than the radiographic LLD
in one of three cases, and the difference between
the perceived LLD and the radiographic LLD was not
significant {p = 0.52).

The relation between the radiographic LLLD and the
perceived LLD in each group according to the lumbar
bending range is shown in Table 1I . The absolute
value of the perceived LLD was smaller than that of
the radiographic LLD in all the groups, and there was
significant difference in mid group.

2) Sequential change of the perceived LLD and the
radiographic LLD

The sequential change of the perceived LLD is shown
in Figure 4. In 41 cases (70 %). the patients described
they felt that the affected side was longer at the time
of hospital discharge, and the postoperative perceived
LLD decreased with time. The change with time was
statistically significant (p < 0.0001).

In 12 cases (20.0%), the perceived LLD persisted
at two years after the surgery (Table 1 ). in all of
the 12 cases, the patients felt that the affected side
was longer, and no case felt that the affected side
was shorter. Eleven of 12 cases were osteoarthritis
secondary due to dysplastic hip, and one case was
traumatic osteoarthritis. No case of rapidly destructive
coxarthrosis or idiopathic osteonecrosis of the femoral
head felt LLD at two years after surgery.

In all the cases. there was no change of the
postoperative radiographic LLD after three months to
two years.

3) Relation between the postoperative perceived
LLD and the preoperative lumbar bending range

In tilt-affected-side group, five of eight cases in rigid
group perceived the LLD at two years postoperatively,
and the average perceived LLD in rigid group was 4.6
(0-15.0) mm. In mid group, 2 of 15 cases perceived
the LLD, and the average perceived LLD in mid group
was 0.7 (0-5.0) mm. In flexible group, one of nine cases
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Table 2. Relation between preoperative radiographic LLLD and preoperative perceived LLD in each group according to lumbar bending

range.

preop. radiographic LLD

preop. perceived LLD

(mm} {mm)
flexible group 13 -130 £ 102 -108 £ 24 p=0.66
mid group 34 -103 92 -46 £ 66 p < 0.0001
rigid group 12 93+79 6979 p=0.18

(average * SD)

perceived the LLD, and the average perceived LLD in
flexible group was 0.6 (0-5.0) mm. There was significant
difference among these groups in the average
perceived LLD (p = 0.013). Post hoc test revealed
significant difference between rigid group and mid
group (p = 0.023), and between rigid group and flexible
group (p = 0.037) (Figure 5).

In horizontal group. no case perceived the LLD in
flexible group (n = 2) and rigid group (n = 4) at two
years postoperatively, and 3 of 18 cases perceived the
LLD in mid group. The average perceived LLD in mid
group was 0.7 (0-5.0) mm, and there was no significant
difference among the three groups classified according
to the lumbar bending range.

In tilt-unoperated-side group, there were two cases
of flexible group and one case of mid group. One case
of mid group perceived the LLD, and the postoperative
radiographic LLD in the case was 5.5 mm.

4) Factors affecting the postoperative perceived
LLD

In eight cases of tilt-affected-side and rigid group.
there was no significant difference in the postoperative
radiographic LLD between the cases with the
perceived LLD postoperatively and the cases without
the perceived LLD. The difference in the radiographic
leg lengthening also was not significant between the
two groups. On the other hand, the lengthening beyond
perceived LLD was significantly greater in the cases
with the perceived LLD (p = 0.025) (Table V).

in 18 cases of horizontal and mid group, the
differences in the postoperative radiographic LLD, in
the radiographic leg lengthening and in the lengthening
beyond perceived LLD were not significant between the
cases with the perceived LLD and the cases without the
perceived LLD, although the postoperative radiographic
LLD tended to be greater in cases with the perceived
LLD than in the cases without the perceived LLD (Table
V ). For the three cases perceiving the LLD at two
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(paired t-test)

years postoperatively, the postoperative radiographic
LLD was 5.1 mm or more (see Table Il ).

In other subgroups, cases with the perceived
LLD postoperatively were none to only two cases.
Therefore, statistical analyses were not performed.

Discussion

Goodman et al. reported that preoperative accurate
planning and a number of intraoperative cues to assess
reproduction of the preoperative plan were helpful to
prevent postoperative LLD [3]. Bose also described
that the precise reproduction of the intraoperative
position of the femur (abduction/adduction) and the use
of an intraoperative measurement device assisted in
equalization of leg length during surgery [5]. However,
these articles aimed at radiographic equality of the
leg length, and none of them mentioned the difference
between the radiographic LLD and the perceived LLD.
Konyves and Bannister revealed that the patients
with the perceived LLD after THA had significantly
lower hip function. However, they also aimed at the
radiographic leg length equalization to avoid perception
of the LLD [10]. In cases with the horizontal pelvis
preoperatively where the compensatory lumbar
scoliosis is none or minimum, radiographic equalization
of the leg length would achieve satisfactory results.
In fact, in horizontal group in the current study, all
three cases who perceived the LLD postoperatively
had the postoperative radiographic LLD greater than
5.0 mm, whereas no patient perceived the LLD if the
postoperative radiographic LLD was 5.0 mm or less.
On the other hand, in cases with preoperative pelvic
tilting due to severe anatomical deformation such
as secondary osteoarthritis due to developmental
dysplasia of the hip, which is the commonest etiology of
the osteoarthritis of the hip in Japan, the radiographic
equalization of the leg lengthening cannot always
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Figure 4. Sequential change of the perceived LLD.
The average perceived LLD at hospital discharge was 5.0 (0-20.0) mm, and the
perceived LLD decreased with time. The data are given as average * SD.

Table 3. Cases with perceived LLD at 2 years after surgery.

lengthening  perceived

preop. preop. postop. radiographic beyond LLD
lumbar  perceived radiographc radiographic leg perceived  at 2 years
pelvic lateral LD LLD LLD lengthening LLD postop.
Age Sex tilting fiexibility (mm) {mm) (mm) (mm) (mm) {mm)
tilt-
51 F affected-  flexible -10.0 -16.8 -0.9 1569 59 5.0
side
tilt-
67 F affected- mid 0.0 -5.2 52 104 104 50
side
tilt-
64 M affected- mid -5.0 -7.8 6.9 14.7 9.7 5.0
side
tilt-
61 F affected- rigid -50 -5.3 6.2 115 6.5 100
side
tilt-
75 F affected- rigid -5.0 -7.0 4.3 1.3 6.3 25
side
tilt-
65 F affected- rigid 5.0 -6.9 52 1241 7.1 5.0
side
it
67 F affected- rigid -5.0 -21.1 -0.9 202 162 150
side
filt-
86 F affected- rigid -25 96 0.0 9.6 7.1 50
side
74 F horizontal mid 0.0 25 5.1 76 7.6 25
72 F horizontal mid -2.5 43 5.2 9.6 Al 50
65 F horizontal mid -125 -11.5 7.1 186 6.1 50
tilt-
61 F affected- mid 0.0 2.7 55 8.2 8.2 25
side
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Table 4. Comparison between cases with perceived LLD and cases without perceived LLD in tilt-affected-side and rigid group.

postop. radiographic

radiographic

lengthening beyond

n LLD (mm) leg lengthening (mm) perceived LLD {mm)
perceived LLD (+) 30+10 129+ 17 8414 (average + SD)
perceived LLD () 3 23+03 116149 3313
p=076 p =046 p=0.025
(Mann-Whitney test)

Table 5. Comparison between cases with perceived LLD and cases without perceived LLD in horizontal and mid group.

postop. radiographic

leg lengthening {(mm)}

radiographic lengthening beyond

perceived LLD (mm)

LLD {mm)
perceived LLD (+) 3 58+ 1.1
perceived LLD () 15 3842
p=040
(Mann-Whitney test)
{mm)
12 -
10
8
8
4
2 I
|
0 ——
rigid group mid group flexible group
*:p <0.05

Figure 5. The postoperative perceived LLD in tilt-affected-side
group by the group of the preoperative lumbar bending range. The
data are given as average *® SD.

The perceived LLD of rigid group was significantly greater than
those of other groups.

achieve the satisfactory result. In tilt-affected-side
group in the current study. there were three cases of
which the perceived LLD was 5mm or more although
the radiographic LLD was within 1mm (see Table 1
). The current study suggested that the preoperative
perceived LLD works as a reference to determine the
amount of leg lengthening in THA.

The factors related to the perceived LLD include
the radiographic LLD, the contracture of the hip
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120+ 59 69+ 08 (average *+ SD)
04+ 44 6.2 + 4.1
p=0.51 p=0.95

joint, the inclination of the pelvis due to the scoliosis
of the lumbar spine, and the flexion contracture of
the knee joint. in THA, leg lengthening and release
of the contracture of the affected side is possible,
and the pelvic inclination is expected to be more
horizontal postoperatively. By predicting the degree
of postoperative pelvic inclination, it would be possible
to determine the adequate amount of leg lengthening.
The lumbar spinal lateroflexion to the affected side
taken preoperatively in this study is a simulation of
the situation where a pelvis becomes horizontal in
connection with the leg lengthening and the release of
the contracture of the affected hip after THA. Cases
with high lumbar flexibility to the affected side seem to
have high reversibility of the pelvic inclination, so the
pelvis becomes horizontal due to leg length equalization,
resulting in the disappearance of the perceived LLD.
On the other hand, cases with low lumbar flexibility
to the affected side seem to have low reversibility of
the pelvic inclination, so the inclination of the pelvis
remains after THA: thus resulting in a situation where
the perceived LLD remains (Figures 6 and 7). In this
study, cases with rigid lumbar spine felt LLD at a high
rate after THA, and cases with flexible lumbar spine felt
LLD at a lower rate. The results can be explained by
the abovementioned mechanisms.

The reason that most of the patients felt the affected
side was longer immediately after THA would be
related to the pelvic inclination. Adduction restriction
of the affected side hip joint due to tight hip abductors,
which is often seen immediately after THA, accelerates
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Figure 6. Cases with high flexibility to the affected
side of lumbar spine.

The pelvis becomes horizontal due to leg length
equalization, resulting in the disappearance of the
perceived LLD.

pelvic inclination and causes this perception of LLD
[7]. As the hip abductors are stretched and relaxed by
postoperative rehabilitation, the pelvic inclination would
decrease and the perceived LLD found immediately
after the surgery would diminish. In fact, 70% of the
cases felt the LLD at the time of hospital discharge, and
only 20 % of the cases felt the LLD at two years after
surgery in this study.

in patients with hip joint disease, the affected hip is
usually restricted in abduction [11], and tends to be
adducted in the supine position. However, this study
showed that, in standing position, the pelvis tended to
incline the affected side downward and the affected
hip tended to become abducted in the majority of the
cases. This is explained as compensation for the leg
shortening of the affected side. In such cases (tilt-
affected-side group), the perceived LLD was smaller
than the radiographic LLD. In only three cases (tilt-
unoperated-side group), even in standing position,
the pelvis inclined towards the contralateral side
downward, and the affected hip was in adduction.

The present study has some limitations. First, it is
not a randomized study. We started this study after
we hypothesized that the preoperative lumbar lateral
flexibility would be helpful as a guideline of the optimal
amount of leg lengthening. As a result, we took care
not to lengthen the leg too much in some cases with
rigid lumbar spine. Secondly, although the morbidity
period may be a factor of the reversibility of the pelvic
inclination, it was not evaluated in the current study.
Finally, the ideal amount of the lengthening beyond
perceived LLD could not be decided in the current

J Med Dent Sci

Figure 7. Cases with low flexibility to the affected
side of lumbar spine.

The inclination of the pelvis remains after THA,
resulting in a situation where the perceived LLD
remains.

study. However, the lengthening beyond perceived LLD
in the cases with the perceived LLD was 84 £ 1.4 (6.3
to 15.2) and that in the cases without the perceived
LLD was 3.3 = 1.3 (-0.9 to 5.4) in tilt-affected-side and
rigid group (see Table IV ). Furthermore, all 12 cases
with the postoperative perceived LLD received the leg
lengthening beyond perceived LLD of 5.9 mm or more
(see Table II ). Therefore, the leg lengthening beyond
perceived LLD within 5 mm might be acceptable.

There is no publication, to our knowledge, that
addresses the adequate amount of leg lengthening
in planning of THA in order to avoid postoperative
perceived LLD. Our study suggested that the
preoperative evaluation of lateral flexibility of lumbar
spine and perceived LLD is helpful in determining the
optimal amount of leg lengthening in THA. In cases
with preoperative pelvic inclination downward to the
affected side and with rigid lumbar spine, amount of
leg lengthening should not be excessively greater than
preoperative perceived LLD. In other cases, lengthening
the leg to the same length as the contralateral side
rarely results in postoperative perceived LLD.
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Updates of Ossification of Posterior Longitudinal Ligament.
Electrophysiological diagnosis of spinal cord dysfunction
in ossification of posterior longitudinal ligament.

Department of Orthopaedic Surgery, Tokyo Medical and Dental University.

Shigenori Kawabata, Atsushi Okawa, Shoji Tomizawa, Kenichi Shinomiya

It is extremely difficult to make a correct diagnosis of the responsible lesion in multilevel continuous and
mixed-type ossification of the posterior longitudinal ligament (OPLL) even after magnetic resonance imaging
(MRI) . Understanding the function of the preoperative spinal cord is crucial for surgical planning and elec-
trophysiological diagnosis of spinal cord function is useful in such cases. Also, intraoperative spinal cord
monitoring is required for cervical OPLL surgery because OPLL patients show postoperative neurological
deterioration more frequently than any other pathogenesis.
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Bone Regeneration with Autologous Plasma, Bone Marrow
Stromal Cells, and Porous B-Tricalcium Phosphate
in Nonhuman Primates

Ichiro Torigoe, M.D., Ph.D.," Shinichi Sotome, M.D., Ph.D.,"2 Akio Tsuchiya, M.D., Ph.D.,’
Toshitaka Yoshii, M.D., Ph.D.,! Hidetsugu Maehara, M.D.," Yumi Sugata, M.D.,"?
Shizuko Ichinose, Ph.D.,* Kenichi Shinomiya, M.D., Ph.D.,"®%8 and Atsushi Okawa, M.D., Ph.D."

To potentiate the bone formation capability of bone marrow stromal cell (BMSC)/B-tricalcium phosphate
(B-TCP) constructs, we devised an autologous plasma-based construct. We tested its effectiveness and investi-
gated the effects of its components on a monkey ectopic bone formation model. The autologous plasma (platelet-
rich plasma, PRP, or platelet-poor plasma, PPP)/BMSC/B-TCP construct (R group or P group) showed signif-
icantly more bone formation at 3 and 6 weeks after implantation than a conventional BMSC/B-TCP construct
using a culture medium (M group). There was no significant difference between the P and R groups. Moreover,
the P group constructs with a 10-fold lower cell concentration yielded equivalent bone formation to the M group
at 5 weeks after implantation. To elucidate the effect of fibrin and serum contained in the plasma, five con-
structs were prepared using the following cell vehicles: autologous serum-fibrinogen (0, 1, 4, or 16 mg/mL) or
phosphate-buffered saline-+fibrinogen (4 mg/mL). The serum-+fibrinogen (4 mg/mL, physiological concentration
of monkeys) construct showed the most abundant bone formation at 3 weeks after implantation, though at 5
weeks no statistical difference existed among the groups. Autologous plasma efficiently promoted osteogenesis of
BMSCs/porous B-TCP constructs, and both fibrin and serum proved to play significant roles in the mechanism.

Introduction Although a variety of strategies to prepare BMSC/porous
ceramic constructs have been contrived, practical methods
HE SUPPLY OF autologous bone grafts is insufficient to  have still not been established. In well-accepted techniques,
repair large bone defects. Harvesting these bone grafts  after suspended in culture medium, BMSCs were seeded into
has risks of infection, nerve damage, and cosmetic disabil- porous ceramics, and the cells were cultured on porous ce-
ity."”* Despite the development of various porous ceramics ramics for a few hours,#® 1 week,">® or 2 weeks'"™ to
with osteoconductivity,? including hydroxyapatite (HA) and  attach the cells to the scaffolds and induce osteogenic differ-
tricalcium phosphate (TCP), by themselves, these ceramics entiation of the cells. In these constructs, it is probable that
have little osteoinductivity*”® and are insufficient to repair ~BMSCs proliferated two-dimensionally by creeping along the
massive bone defects. To overcome these problems, bone tis-  surface of the pores, and the nutrient was supplied from the
sue engineering methods have been developed that combine culture medium at the early stage of implantation. Con-
bone marrow stromal cells (BMSCs) with porous ceramic sidering that the range of nutrient diffusion from surroun-
scaffolds. BMSCs are easily isolated from bone marrow and  ding tissue is limited within the surface area of cell/scaffold
have a proliferative capability and multilineage differentia- construct,*® BMSC survival after implantation could be
tion potential, including the capacity for osteogenic differ- impaired at the center of the constructs.

entiation.®” There are many reports that demonstrate the To provide preferable environments to BMSCs seeded into
in vivo bone formation capability of BMSC/porous ceramic  porous ceramics, we devised a construct that utilized auto-
constructs.* logous plasma of either platelet-poor plasma (PPP) or
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