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Relation Between Vertical Orientation and
Stability of Acetabular Component in the
Dysplastic Hip Simulated by Nonlinear
Three-dimensional Finite Element Method
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Abstract: In acetabular dysplasia, more vertical orienta-
tion of the acetabular component is often used to minimize
the superolateral bone grafting. This study was designed to
determine the effects of vertical orientation of the cup on
the stability and polyethylene wear of the acetabular com-
ponent in uncemented total hip arthroplasty (THA).
Three-dimensional finite element models of the hemipelvis
with dysplastic acetabulum were developed. Metal-backed
hemispherical cups were placed in the true acetabulum
with abduction angles of 35, 45, 55, and 65 degrees. It was
found that more vertical orientation of the cup was associ-
ated with larger relative motion of the metal shell between
the acetabulum and metal shell. Furthermore, tilting and
torsional shear stresses in the model of the cup abduction
angle of 65 degrees were found to be 1.7 times larger than
that in the model with 35 degrees at the bone-metal shell
interface. More vertically oriented cups caused larger con-
tact stresses at the articulating surfaces of the polyethylene
liners. The results suggest that the abduction angle of
the acetabular component significantly influences cup
loosening and polyethylene wear in THA. Key Words:
Cup abduction angle—Acetabular component—Relative
motion—Shear stress—Contact stress.

In congenital dysplastic hips, uncemented fixation
of the acetabular component may be associated with
certain complications. Bony defect in the superolat-
eral portion of the acetabulum is frequently encoun-
tered during total hip arthroplasty (THA). In many
cases with dysplastic hips, the acetabular components
need to be covered with bone grafts. Resorption of
the bulky autografts is a major problem at long-term
follow-up (1,2). In smaller grafts, resorption is not a
significant feature (3). Several methods have been

Received February 2004; revised May 2004,

Address correspondence and reprint requests to Dr. Hisashi
Oki, Department of Orthopaedic Surgery, Faculty of Medicine,
University of Fukui, Shimoaizuki 23, Matsuoka, Fukui 910-1193,
Japan. E-mail: SEIKEI68@fmsrsa.fukui-med.ac.jp

proposed to minimize the bone grafting, including
the use of a special implant (4), more vertical orien-
tation of the cup (5), medialization of the cup (6),
and higher positioning of the cup relative to the true
acetabulum (7-9). Controversy continues regarding
the best method of treatment.

Although maore vertical orientation of the cup can
reduce the size of the bone graft, several studies have
shown that more vertical orientation of the cup cor-

" relates with increased risks of cup loosening (5,10)

1050

and polyethylene wear (11-13). Several reports, how-
ever, showed no relationship between the cup abduc-
tion angle and polyethylene wear (14,15).

Ito et al. (16) showed that vertical migration and
increase in vertical rotation tend to occur in acetab-
ular components using bone grafting during early
period after hybrid THA.

The purpose of this study was to investigate the
effect of varying cup abduction angles in uncemented
THA using nonlinear three-dimensional (3-D) finite
element (FE) method on relative motion between
the acetabulum and the metal shell, shear stress at
the bone—-metal shell interface, and contact stress at
the articulating surface.

MATERIALS AND METHODS

Three-dimensional FE models were developed
based on CT scan data of the right female hemipelvis
with dysplastic acetabulum. Metal-backed hemi-
spherical cups with 48mm outer diameter were
placed in the true acetabulum at abduction angles of
35, 45, 55, or 65 degrees. In the models with cup
abduction angles of 35, 45, and 55 degrees, some
elements were added to simulate superolateral can-
cellous bone grafting (Fig. 1). These cups had a poly-
ethylene liner without elevated rim. These acetabular
components articulated with 22.225 mm cobalt—chro-
mium ball head with 0.05mm radial clearance
between the head and inner surface of the polyeth-
ylene liner.

The head consisted of 120 eight- and six-node ele-
ments and 173 nodes. The polyethylene liner con-
sisted of 96 eight-node elements and 147 nodes. The
metal shell consisted of 48 eight-node elements and
98 nodes. The polyethylene liner had two layers and
the metal shell had a single 3-mm thick layer. The
pelvic bone consisted of 6506 four-node elements and
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FIG. 1. Anterolateral views of the three-dimensional finite element models. Metal-backed hemispherical cups were placed in the true
acetabulum with abduction angles of 35 (A), 45 (B), 55 (C), and 65 degrees (D). In the models with cup abduction angles of 35 (A), 45
(B), and 55 degrees (C) some elements were added to simulate superolateral cancellous bone graft (the bone graft is painted gray).

1780 nodes. The graft bone with cup abduction angle
of 35 degrees consisted of 141 four-node elements
and 68 nodes; the graft bone with cup abduction
angle of 45 degrees consisted of 57 four-node
clements and 36 nodes; and the graft bone with
cup abduction angle of 55 degrees consisted of 21
four-node elements and 21 nodes. The clements
of the pelvic bone and graft bone were constructed
automatically.

Coefficients of friction, determined for ecarlier
studies, were included at the interfaces between the
head and polyethylene liner (4 =0.065) (17), and
between the bone and the metal shell (u=0.61) (18).
The interface between the graft bone and the pelvic
bone was considered to be fully bonded, simulating
only the situation that the graft bone was firmly fixed
to the host bone. The interface between the metal
shell and polyethylene liner was also fully bonded.

Material properties, elastic modulus, and Poisson’s
ratio were based on the values reported in previous
studies (19,20).

The hip joint reaction force was applied to the
center of the ball head. Its direction and magnitude
during the single-stance phase of normal gait were
based on the data of Keaveny and Bartel (21). The
pelvic models were assumed to have fixed support at
the sacroiliac joint and the pubic symphysis.

We calculated the relative motion between the
acetabulum and the metal shell on the medial, lat-
eral, anterior, and posterior portions. Furthermore,
we evaluated the tilting and torsional shear stresses

at the bone-metal shell interface (19) and the contact
stress at the articulating surface of the polyethylene
liner. These analyses were performed by using a
commercial FE package (ADINA, ADINA-IN and
ADINA-PLOT, Adina Engineering, Watertown,
MA, US.A)) (22).

RESULTS

The maximum relative motions of the metal shell
among the four nodal points correlated with the cup
abduction angle (Fig.2). Increasing the cup abduc-
tion angle from 35 to 65 degrees resulted in an
increase of the maximum relative motion between
the acetabulum and the metal shell from 65.7 to
96.9 um. The lateral portion showed the largest rela-
tive motion in each model, suggesting that the ace-
tabular component changed in valgus position under
loading.

On the more vertical orientation of the cup, we
found that the maximum tilting shear stress at the
bone-metal shell interface was increased (Fig. 3).
Increasing the cup abduction angle from 35 to 65
degrees resulted in an increase of the maximum tilt-
ing shear stress at the bone-metal shell interface
from 9.7 to 16.9 MPa. The maximum torsional shear
stress at that interface showed similar change to the
maximum tilting shear stress (9.7-17.0 MPa) (Fig. 3).

In more vertically oriented cups, the maximum
contact stress at the articulating surface of polyeth-
ylene liner was enlarged (Fig.4). Increasing the cup

Artif Organs, Vol 28, No. 11, 2004
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FIG. 2. The maximum relative motions between the acetabulum and the metal shell in each model. The value is the maximum relative
motion among the medial (A), lateral (B), anterior (C), and posterior (D) nodal points on the outer surface of the metal shell.

MPa ~a- Tilting shear stress MPa
Y - ~oo Torstonul shear stress
20 30-
201
10 -
10
0 : , ; , 0
35 45 55 65 degree 35 45 55 65 degree
Cup abduction angle Cup abduction angle
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angle from 35 to 65 degrees was associated with
increased maximum contact stress at the articulating
surface from 23.4 to 26.8 MPa.

DISCUSSION

In clinical cases, vertical migration of loosening
cup with bone grafting is often encountered. Our
results suggest that all our models of the acetabular
component tended to move to valgus position under
loading in the simulation of the initial stability.

The development of press-fit prostheses is depen-
dent on initial stability for promotion of bony
ingrowth. To achieve bony ingrowth, relative motion
between the implants and the surrounding bone
should be minimized (23-27). Engh et al. (28) dem-
onstrated that bony ingrowth could occur in the pres-
ence of relative motion <40 um and implants could
be well fixed, while excess relative motion of
>150 pm results in stabilization of implant by fibrous
tissue.

In a 3-D FE study (29), debonding of the stem-—
cement interface in THA was found to precede clin-
ical failure of femoral components. This debonding
was governed by the shear stress at the interface
between components. Others demonstrated using FE
analysis that tilting shear stress at the cement~bone
interface was up to threefold greater in cases with
severe dysplasia than in those with mild dysplasia
(19). In uncemented model, the interface is stressed
as the shear stress is related to the probability of
mechanical failure and interface disruption (30).

Previous studies showed that the wear and failure
of polyethylene surface contribute to long-term
problems of the acetabular component. The polyeth-
ylene wear debris can cause osteolysis and loosening
of implants (31,32). Other studies reported that con-
tact stress at the articulating surface is associated
with surface damage of the polyethylene liner
(13,33-35), although the precise mechanism relating
contact stress to wear debris remains unclear.

A number of investigators have demonstrated that
the cup abduction angle correlates with cup loosen-
ing and polyethylene wear, clinically or biomechani-
cally. Knight and Fujii (1993) used radiography to
identify the factors that affect cup loosening in
patients with bone grafting during THA. They con-
cluded that acetabular component loosening was
associated with initial cup abduction angle of =50
degrees. With 3-D radiographic examination of poly-
ethylene wear, Devane and Horne (1997) reported a
significantly greater volumetric wear rate in patients
with vertically oriented acetabular cup. Other groups
(14,15), however, reported that polyethylene wear

did not significantly increase with widening of the
cup abduction angle, based on radiographic exami-
nation. Furthermore, Kurtz and Edidin (1997) inves-
tigated the effects of cup orientation on contact stress
associated with surface damage in polyethylene liner
by using 3-D FE methods. They showed that the con-
tact stress at the articulating surface of vertically
oriented acetabular cup was larger than that of hor-
izontally oriented one.

The results of this study suggested that more ver-
tical orientation of the uncemented acetabular com-
ponent caused larger relative motion between the
bone and the metal shell, larger shear stress at the
bone-metal shell interface, and larger contact stress
at the articulating surface of the polyethylene liner.
Thus, more vertical orientation of the cup was asso-
ciated with cup loosening and polyethylene wear, We
conclude that the cup abduction angle significantly
influences cup loosening and wear generation in
THA.
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Abstract: The present study was designed to determine the
resultant force acting on the hip joint during walking using
a new dynamic analysis method. Our model utilized joint
motion, ground reaction force, and muscle strength data
from 18 women (6 normal women aged 20-24 years, 6 nor-
mal women aged 50-57 years, and 6 female patients with
osteoarthritis, aged 50-66 years). We analyzed the resultant
force using the multibody dynamic analysis system. To
determine the factors that influence the force acting on the
hip, we examined the effect of age and total hip arthro-

plasty. The maximum resultant force acting on the femoral
head was dependent on the subject body weight and cor-
related with muscle strength and walking speed. The results
of this study highlight the agreement between computer
simulation analysis and actual measurement of the result-
ant force acting on the hip. Our results suggest that muscle
strength and walking speed are significant determinants
of the resultant force acting on the hip. Key Words: Hip
joint—Mathematical model—Resultant force—Electro-
myography—Total hip arthroplasty.

Total hip arthroplasty (THA) is a widely used
method for treatment of patients with degenerative
hip osteoarthritis (OA). It is well recognized that
long-term stability of THA is significantly affected by
wear of the implants and the quality of the implanted
materials (1-3). In addition, even in patients who
undergo THA with a uniform surgical technique, the
magnitude of wear of the implants and biomechani-
cal stability vary considerably and thus the longevity
of THA is the most difficult issue to be considered
(4,5). To predict the fate of individual THA, biome-
chanical simulation (6,7) and load analysis to test the
stability of the implants and mechanical tests (8)
have been advocated. However, it is essential to con-
sider and analyze the resultant force acting on the hip
joint under walking conditions. Several investigators
have analyzed the resultant force in an individual
candidate, but the magnitude and direction of the
force are still major unknown issues (9-14). At
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present, the best method for investigating the load
force is the in vivo analysis through built-in telemet-
ric sensors in THA patients (12-15), but this method
is difficult for serial analysis of the force or at an
arbitrary point in each patient.

In the present study, to analyze the resultant force
acting on the individual hip joint before and after
THA, we used a three-dimensional computer simu-
lation based on gait analysis data and electro-
myographic (EMG) data. We also investigated the
influence on the force of age of the subject, the walk-
ing speed, and surgical intervention.

SUBJECTS

Table 1 lists the mean age, height, and weight of
the 18 subjects who participated in the study. The
subjects comprised 6 healthy women aged 20-
24 years, 6 healthy women aged 50-57 years, and 6
female patients with unilateral OA of the hip joint,
without any physical handicap, aged 50-66 years. In
patients with unilateral OA of the hip joint, gait anal-
ysis was performed preoperatively and repeated at
least 6 months after THA. We used cementless cup
(AMS Cup, Japan Medical Materials, Osaka, Japan)
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TABLE 1. Female subjects

Young normal group
(n=6)

Old normal group Hip OA group
(n=6) (n=6)

21.2%1.6 (20-24)
152.3£6.3 (142.5-160.2)
47.9£5.5 (42.0-56.5)

Age (year)
Height (cm)
Body weight (kg)

53.1+2.6 (50-57) 58.2£5.5 (50-56)
150.3 £ 4.4 (147.0-158.5) 150.4 £ 7.0 (141.5-163.0)
5238 (44.5-62.5) 557+ 9.4 (40.0-66.0)

Data are mean £ SEM and (range). OA, osteoarthritis.

and cementless stem (FMS-Anatomic Stem, Japan
Medical Materials) with a 28-mm alumina head in all
6 patients. They had a successful clinical and radio-
graphic outcome, and could walk without support
such as canes. The study protocol was approved by
the Human Ethics Review Committee of Faculty of
Medicine, Fukui University, and a signed consent
form was obtained from each subject.

PROTOCOL

We used two software programs to analyze the
resultant force acting on the hip joint. The first one
was the musculoskeletal modeling software (SIMM/
Gait, MusculoGraphics, Chicago, IL, U.S.A.) (16),
and the second was the multibody dynamic soft-
ware package (ADAMS/Android and ADAMS/
View version 9.04, Mechanical Dynamics, Ann
Arbor, MI, US.A.) (17). SIMM/Gait can calculate
muscle strength using the Hill type model from
sequential changes in the joint angle and percent-
age maximum voluntary isometric contraction (%
MVIC) (18) of each muscle. ADAMS/Android can
create a rigid body model based on various physical
attributes (e.g., body height, weight, and the length
and circumference of each body section) automati-
cally. ADAMS/View can also simulate dynamic
analysis of the resultant forces acting on the hip
joint by inserting sequential changes in the joint
angle, muscle strength, and ground reaction force
into the model.

( Gait analysis with telemetric EMG ]
L =P 1 input

— QUPTL
I I

{ Kineticdata | [ Ground reaction force |

r: N

Gravitational force
Inertial force

[ Resultant Force acting through hip center ]

FIG. 1. Flow chart of the dynamic analysis of resultant force.
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A flow chart of this analysis is shown in Fig. 1.
Reflective markers were mounted at 13 sites includ-
ing the anterior superior iliac spine, sacrum, {emoral
center, lateral knee joint, center of the lower leg,
lateral malleolus, and head of the third metatarsal.
The subject was instructed to walk along an §-m-long
pedestrian passage of a 10-m-long walkway (Fig. 2).
For the gait analysis, three conditions such as normal
walking, fast walking, and slow walking were sel
without any restrictions. Angle changes on the fron-
tal, horizontal, and sagittal surfaces were determined
for the pelvis, hip joint, and foot joint by using a
three-dimensional movement analysis apparatus
(VICON 370, Oxford Metrics, Oxford, UK.)
equipped with 6 high-speed video cameras. The
angles were calculated with reference to adjacent
segment orientations. Ground reaction forces were
recorded synchronously with the kinematic data
using four force platforms (LG6-4 by AMTI, Water-
town, MA, US.A.) located in the center of the 10-
meter-long walkway. Muscle activities were recorded
using electromyographic telemeters (TEL-EMG,
BTS, Milan, Italy). We recorded the EMG of the
muscles that were considered most important in
walking rather than all muscles because it was not
possible to record and analyze the electric activities
of all lower limb muscles. The electrodes were placed
over the ghiteus maximus, gluteus medius, adductor
longus, rectus femoris, and tensor of fascia lata.
These measurements described above were auto-
matically synchronized with the first heel contact on

LLHC LL.TO RL HC Rt.TO Li.HC

HC : heel contact
TO : toe off

7

FIG. 2. Model for dynamic analysis of one gait cycle.
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the device to record the ground reaction force as a
trigger. We recorded these measurements 6 times for
each of the 3 walking patterns (normal, fast, and
slow walking patterns).

All data were fed into software for 3-dimensional
analysis of actions (VCM, Oxford Metrics) in order
to calculate the sequential changes in joint angle,
sequential changes in the ground reaction force,
cadence, walking speed, and EMG activity of each
muscle. From the EMG activity during walking and
at maximum muscle contraction by manual examina-
tion of the muscle activity obtained from the elec-
tromyographic telemeter, the percentage MVIC was
computed and the muscle strength was estimated by
using the SIMM/Gait software. The duration of the
stride temporal phase was expressed as a percentage
of the duration of a single gait cycle. All data (joint
motion, ground reaction force, muscle strength) rep-
resenting the time-course of different variables were
normalized in time (the duration of the whole gait
cycle was considered as 100 percent, divided in time
to yicld a normalized gait cycle of 50 phases (19,20)).
A rigid body model was formed by the ADAMS/
Android software. We calculated the changes in mus-
cle strength during walking using SIMM/Gait, which
calculates muscle strength using the Hill type model
from changes in the main muscle based on joint
motion and percentage MVIC recorded using the
VCM (16,21). First, we transformed the raw muscle
activity to percentage MVIC value among items set
beforehand, generating each muscle strength in the
property of the SIMM/gait software. Second, we fed
the changes in three-dimensional joint angle in each
of the hip, knee, ankle joints that occurred in a single
gait cycle into the SIMM/gait software after exclud-
ing the activities of other muscles recorded from the
gait analysis. Finally, we did simulation analysis and
calculated the muscle strength in every phase. For the
data from the VCM and SIMM/Gait installed in this
model, we added 5 spring components that generated
the above-mentioned muscle contraction force as
internal forces in anatomical positions of the rigid
body model. The center of the hip joint of a subject

was selected from the anteroposterior and lateral

views of the X-ray photograph. We also measured the
distance from the hip joint center to the anatomic
origin and insertion of each muscle. We plotted the
origin and halt of spring model generating muscle
strength on the coordinate, which assumed a hip joint
center (0,0,0) in a rigid body model formed by the
ADAMS/Android. We also attached a damper com-
ponent of the external force, due to the contact
between the foot and ground, which was obtained
from the ground reaction force in the [oot segment.

DATA PROCESSING AND ANALYSIS

The computer simulations for dynamic analysis of
the resultant forces were generated using ADAMS/
View. We did simulations for each joint in the simu-
lation model that was generated as described above;
the joint movement was generated from the sequen-
tial changes in the joint angle, the muscle strength
generated by the spring model from SIMM data, and
the ground reaction force was generated in the foot
segment. For the analysis, each joint of the upper
extremities was constrained, the pelvis kept station-
ary, and the angle of each joint of the lower extrem-
ities maintained in a symmetrical position. All data
were converted to Akima spline functions. The fric-
tion in the joint, represented by hinges, is extremely
small and can therefore be ignored. The local axes
are orthogonal. For the transformation to the coor-
dinate system, the local z axis (longitudinal axis) of
the hip joint coordinate system was determined by a
vector from the center of the femoral head to the
pelvis. The local x axis (anteroposterior direction)
was defined by drawing a line perpendicular to the
local z axis. The local y axis (mediolateral) was
defined by drawing a line perpendicular to the local
z-axis (22). We calculated the components of the
force in the x, y, and z directions; that is, Fx, Fy, and
Fz. The square of the resultant force was defined as
|[FxI* + |Fyl? + |FzI%. We output the direction of result-
ant force by plotting the numerical values of Fx, Fy,
and Fz for every phase as a coordinate on the xy
plane (horizontal plane), xz plane (sagittal plane),
and yz plane (coronal plane). We examined the
effects of the resultant force based on walking speed,
age, and preoperative and postoperative walking
status. We used several parameters (walking speed,
cadence, and ratio of single stance phase and double
stance phase, moment) for the analysis.

All data are expressed as mean = SEM. Differ-
ences in the resultant force between paired data of
the young normal group, old normal group, preoper-
ative OA group and postoperative OA group were
examined for statistical significance using the Stu-
dent’s r-test. The relationships between the resultant
force and various gait parameters were examined by
Pearson correlation analysis. A P value less than 0.05
denoted the presence of a statistically significant
difference.

RESULTS

The wave pattern of the dynamic resultant force
curve recorded in one gait cycle showed two peaks
in both the normal group and OA group. The maxi-
mum force occurred at the first peak in the gait cycle.
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TABLE 2. Individual and mean resultant force of each subject and group (normal walking speed)
Osteoarthritis group
Subjects Young normal group Old normal group Preoperative Postoperative
1 396.2 3194 246.0 292.4
2 336.8 309.6 265.9 290.4
3 3785 291.9 283.7 314.4
4 362.7 322.6 2464 301.6
5 3214 316.6 3022 3337
6 308.9 268.5 265.3 289.6
Mean + SEM 350.7+34.0 304.8+£209 2683 +21.8 303.7+174
The resultant force is expressed as % of body weight.
Force (Newtons) :
g@“’l}; s s 8
Lheullt) L

BRG]

e

FIG. 3. Direction of resultant force acting
on the hip. Analysis in a representative
young normal subject (Subject 1).

XZ plane

The maximum value of the resultant force during
normal walking speed, in both the normal group and
OA group was about two or three times the body
weight in most cases (Table 2). The direction of the
maximum resultant force was anteromedial and pos-
teromedial above the center of the femoral head
(Fig. 3). The maximum resultant force increased by
walking speed in the same subject when the speed
was actively changed, and a steeper wave pattern was
evident (Fig.4). The resultant force changed signifi-
cantly with walking speed, step length, and the single
leg support period in the two different age groups
(young normal group and old normal group). Signif-
icant differences were also noted in flexion, exten-
sion, and adduction moment with regard to muscle
strength between the two age groups (young normal
group and old normal group).

The anteroposterior direction force (Fx) and ver-
tical direction force (Fz) of the old normal group
were smaller than those of the young normal group.
Similarly, the resultant force was significantly differ-
ent between the two groups (young normal group
and old normal group) (Fig.5). The resultant force
was significantly different between old normal group
and preoperative of OA group but the resultant force

Artif Organs, Vol. 29, No. 5, 2005

YZ plane

was not significantly different between old normal
group and postoperative of OA group. Walking
speed, step, and single leg support period ratio
improved postoperatively in the OA group com-
pared with the respective preoperative values.
Abduction moment also improved significantly post-
operatively, and extension moment measured post-
operatively was larger than the preoperative value.
The postoperative resultant force, progress direction

== Fast gait (1.55m/s)
wew  Normal gait (1.03m/s)
=@~ Slow gait (0.66m/s)

40
% Gait Cycle

20 60 80 100 (%)

FIG. 4. Resultant force acting on the hip as a function of walking
speed. Analysis of a representative young normal subject
(Subject 1).
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FIG. 5. Comparison of resultant force between young and old
normal subjects at normal walking speed. Data are mean + SEM.

component force (Fx), and plumb direction compo-
nent force (Fz) showed significant improvement
relative to the preoperative values (Fig.6). The
resultant force correlated significantly with muscle
strength and also with various gait parameters
including gait speed, stride, single stance phase, flex-
ion moment, extension moment, abduction moment,
and adduction moment (Table 3).

DISCUSSION

Studies that estimate the resultant forces acting on
the hip joint during locomotion are generally divided
into two groups: studies that use mathematical
models (9-11) and those in which actual data are
obtained from telemeters implanted into joint pros-
theses (12-14). Instrumented telemetric implant
studies can provide the most accurate measurements
and many activities, but such studies are difficult eth-
ically, and have several problems (costly, technically
complex, offer no direct benefit to the patients, and

(%)
400 *P < 0.05

%

P < .01

Preoperative
Postoperative

350

X
=]
=1

%Body Weight
[ - N ~
@ wm = tn
< = = =

2]
e

<

Resulium Force
™

N)

FIG. 6. Comparison of preoperative and postoperative resultant
force in patients with OA (normal walking speed). Data are
mean + SEM.

TABLE 3. Results of correlation analysis of resultant force
and various gait paramelers in patients with OA afier total
hip arthroplasty

Correlation coefficient P value
Gait speed 0.801 <0.01
Stride 0.402 <0.01
Single stance phase 0.486 <0.05
Flexion moment 0.667 <0.01
Extension moment 0.731 <0.05
Abduction moment 0.675 <0.01
Adduction moment 0413 <0.01

cannot study truly normal subjects). Accordingly, we
used mathematical models in the present study. How-
ever the principal limitation of mathematical predic-
tions lies in making one or more assumptions, which
should be validated. Interestingly, the results of
previous reports in the literature suggest that the
predicted hip resultant force is consistently higher
than direct-force measurements, although both the
predictions and measurements exhibit reasonable
internal consistencies (9-15).

By employing mathematical models, the resultant
force was reported to be 330-500% body weight
(BW) according to Crowninshield and Brand (9),
410-690% BW by Rohrle et al. (10), and 190-260%
BW by Komistek et al. (11). In our study, the force
was 250-360% BW. The resultant force measured
directly by telemetry was reported at 260-280% BW
by Davy et al. (12), 280% BW by Bergmann et al.
(13),and 260% BW by Kotzor et al. (14). Brand et al.
(15) stated that the analytical data obtained from
mathematical models tend to be over a wider range
and generally higher than the measured values and
few approximate the actual data. On the other hand,
the analytical data obtained in the present study for
the resultant force were comparable with the actual
figures. The curve lines were similar in that they
showed a double-peak pattern with spikes on the first
peak. However, the analytical data from the present
study on the directions on both the sagittal and fron-
tal planes generally agreed with those reporied by
Bergmann et al. (13) (those exceeding 75% of the
maximum resultant force).

With regard to the relationship between walking
speed and resultant force, Bergmann et al. (13)
reported that the resultant force increased when
walking speed increased in the experiment that
used a telemeter type artificial joint in an in vivo
study. These results were confirmed by Komistek
etal. (11) who used a mathematical model. The
results of the in vivo telemetry study by Crownin-
shield et al. (23) showed that the resultant force
was influenced by muscle strength and walking

Artif Organs, Vol. 29, No. 5, 2005
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speed. Our results confirmed the findings of these
earlier studies.

The resultant force acting on the hip joint
increased in most subjects with the recovery of mus-
cle strength and increased walking speed postopera-
tively. We think that various morphological changes
(anteversion angle, femoral offset, neck shaft angle,
leg length discrepancy) after THA have a great effect
on improvement of muscle strength. We considered
this problem in cach subject by changing the plotting
origin and halt of spring model that generates the
muscle strength in a rigid body model. The Newto-
nian model of the lower extremity is designed to
estimate the intersegmental resultant forces. Appli-
cation of this model required maneuvering the hip
center into the natural position during surgery, which
reduced the resultant force acting on the hip joint
(24). On the other hand, Kotzlar et al. (14) reported
increase in the resultant force on the hip joint after
operation. Among the impairments reported in the
present study, the hip extensor moment decreased
compared with the preoperative value in patients
with OA (25). The decrease in the hip extensor
moment correlated with walking speed. THA
resulted in restoration of the muscle strength and
increase in walking speed. Our results suggest that
the resultant force acting on the hip joint increases
as walking speed increases. Our conclusion in this
study is that prediction by computer simulation
depends on making some assumptions, and that the
latter cannot be applied to all cases. For example, we
think it is difficult to provide accurate simulation in
certain patients such as those with severe develop-
mental dislocation of the hip, deformed large femoral
head of Perthes disease, and severe leg length dis-
crepancy. However, our study emphasizes the impor-
tance of analysis of the resultant force on the hip
joint for prediction of the durability of THA implant.
To assess the hip joint force during daily life would
help to solve these problems.
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Locking of the knee caused by localized pigmented villonodular synovitis:

a case report
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Abstract Pigmented villonodullar synovitis (PVS) occurs in
two forms: diffuse PVS and localized pigmented villono-
- dular synovitis. In this report, a 40-year-old woman pre-
sented with a history of recurrent episodes of knee locking
and pain. Arthroscopy revealed a nodular pedunculated
mass occupying the area anterior to the intercondylar notch
of the femur. Histological examination of the tissue con-
firmed the diagnosis of PVS. After surgery, the patient’s
symptoms of pain and recurrent locking promptly resolved.

Key words Arthroscopy - Knee - Pigmented villonodular
synovitis (PVS)

Introduction

Pigmented villénodullar synovitis (PVS) occurs in two
forms: diffuse and localized (LPVS). The knee joint is the
site most commonly affected, although lesions have been
described in a variety of other joints. Most consider PVS to
be a benign inflammatory process, whereas others think
that the pathological characteristics of some lesions suggest
a neoplastic condition.! We present a case of LPVS of the
knee that caused it to lock recurrently. Arthroscopic proce-
dures to remove the lesion were performed, and no recur-
rence was observed.

Case report

A previously healthy 40-year-old woman presented with a
1-year history of pain in her left knee. It began when the
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patient started to kneel and felt her left knee lock, prevent-
ing full extension. She saw her local physician immediately,
who manipulated the knee into extension. Approximately 3
months after the initial injury, the patient again experienced
locking of her left knee while running. During this second
occurrence, the patient was unable to unlock her knee, and
she visited her local physician for treatment. One week after
her second injury, the patient visited our hospital. She had
no history of remarkable swelling or hemarthrosis of the left
knee joint. _

Examination revealed a slight limp and restricted range
of motion in the knee joint. There was no ligamentous
abnormality, and she had no typical meniscus tear signs. No
biochemical disorders in the blood examinations were seen.
Radiographs did not reveal any abnormal shadows. How-
ever, magnetic resonance imaging (MRI) did reveal a mass
in the anterior intercondylar space near the insertion of the
anterior cruciate ligament. She had experienced both me-
dial and lateral knee pain, which was exacerbated by squat-
ting, standing, and walking. Prior to surgery, her symptoms
worsened after prolonged standing, and she could not squat
or fully extend her left knee because of pain.

Arthroscopy revealed a nodular pedunculated mass
occupying the area anterior to the intercondylar notch of
the femur (Fig. 1). The mass was round with a smooth
surface and yellow-brown pigmentation. The remaining
synovium was seen within the joint space, and all structures
were noted to be normal. No other similar lesions were
detected. The entire lesion was completely removed
through the anteromedial portal. Histological examination
of the lesion demonstrated the presence of multinucleated
giant cells, hypercellularity, fibroconnective tissue, and pig-
mentation (Fig. 2). These features established the diagnosis
of PVS. ,

The patient’s symptoms of pain and recurrent locking
promptly resolved. At her 7-month postoperative follow-
up, the patient remains symptom-free and has returned to a
low level of sports participation.
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Discussion

Pigmented villonodular synovitis occurs in large joints,
bursa, or tendon sheaths. The etiology is unknown. It occurs
in two forms: a diffuse pigmented villonodular synovitis
involving the entire synovium or a localized pigmented
villonodular synovitis.

The localized form of PVS is a rare pathological condi-
tion. The knee joint is most commonly affected, and the
disease is generally characterized by the presence of a single
pedunculated nodular lesion. The patient occasionally pre-
sents with various symptoms such as pain, swelling, or a

palpable mass in the knee.” There are a few previous case

reports of localized PVS lesions producing meniscal symp-
toms.*® In the present case, prior to surgery the patient had
a recurrence of her knee locking, such as might occur with a
locking bucket handle tear of the meniscus.

Fig. 1. Localized pigmented villonodular synovitis lesion located ante-
rior to the intercondylar notch

Fig. 2. a Pathology of localized
pigmented villonodular synovitis
demonstrates multinucleated
giant cells, hypercellularity, and
fibroconnective tissues. b At
higher magnification,
pigmentation (arrows) is seen to
be present. H&E. a X100,

b X200

185

Histologically, PVS is characterized by a fibrous stroma,
proliferation of round histiocytic cells or spindle cells, and
hemosiderin deposits in macrophages and synovium. The
lesions are predominantly villous or nodular in appearance,
and in some cases both are seen. The degree of pigmenta-
tion ranges from barely yellow to dark brown.!

Although radiographic findings are usually normal
when examined in localized PVS, a soft tissue mass is occa-
sionally seen. In patients with a diffuse form of PVS, bony
changes are observed in a few cases and consist of cyst
formations, cortical erosions, and osteopenia.“'5 The MRI
finding of a localized form of PVS is relatively specific, and
the signal intensity is similar to that of the diffuse form
of PVS, which is characterized by a hypointense area on
both T1- and T2-weighted images. This pattern correlates
with intralesional deposits of hemosiderin. However, this
appearance is not specific for the localized form of PVS
and can be confused with synovial chondromatosis or
fibroxanthoma.’

The localized form of PVS has a good prognosis, in con-
trast to the diffuse form. Recurrence has been reported but
appears to be uncommon."® Although there is a paucity of
literature on localized PVS, arthroscopy can be used as an
effective diagnostic method to identify localized PVS in the
knee."!

Conclusions

We described a case of localized PVS of the knee presenting
as a recurring locked meniscal tear in a 40-year-old woman.
The patient was treated via arthroscopy to remove the mass,
and the diagnosis was confirmed by histological findings.
At her most recent follow-up, the patient is doing well,
is symptom-free, and has returned to low-level sports
participation.
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Quantitative MRI of the wrist and nerve conduction studies
in patients with idiopathic carpal tunnel syndrome
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Obiective: To correlate morphological findings of idiopathic carpal funnel syndrome (CTS) with the
function of the median nerve.

Methods: In this study, 105 wrists of 105 women patients with idiopathic CTS, and 36 wrists of 36 female
volunteers were subjected to nerve conduction studies and MRI. Cross sectional area, signal intensity ratio,
and the flattening ratio of the median nerve, carpal tunnel area, flexor tendon areq, synovial areq, and
intersynovial space, and the palmar bowing of the fransverse carpal ligoment (TCL) were quantified by
MRI and correlated with the severity of the disease determined by nerve conduction studies. .

Results: Cross sectional areas of the median nerve, flexor tendons, and carpal tunnel, and the palmar
bowing of the TCL of the CTS groups were greater than in the control group, but differences were not
detected among the CTS groups for the area of the flexor tendons and the carpal tunnel. Enlargement,
flattening, and high signal intensity of the median nerve at the distal radioulnar joint level were more
significant in the advanced than in the earlier stages of the disease. Increase in palmar bowing of the TCL
was less prominent in the most advanced group. Linear correlation between the area of the carpal tunnel
and palmar bowing of the TCL was noted.

Conclusion: Severity of the disease could be judged by evaluating not only longitudinal changes of signal
infensity and configuration of the median nerve, but also palmar bowing of the TCL. Increcsed palmar
bowing of the TCL was found to be associated with an increase in the area of the carpal tunnel.

common entrapment neuropathy in the upper extremity;

however, its aetiology remains unclear. With the develop-
ment of imaging techniques, new evidence related to the
carpal tunnel has been reported.'? Previous studies on the
carpal tunnel using MRI compared the median nerves of
patients with CTS with those of normal individuals, and
determined the specific changes inside the carpal tunnel that
determine diagnostic accuracy.?® Proximal swelling, {latten-
ing, and high signal intensity of the median nerve on the T2
image and an increased bowing of the transverse carpal
ligament (TCL) were regarded as the characteristic findings
for idiopathic CTS.** However, results were not always
consistent because of differences in sample size and the
inclusion of individuals with various stages of the disease or
of patients of both sexes. Furthermore, quantitative analysis
of the structures inside the carpal tunnel, rather than the
median nerve, is very limited, although they are probably
related to the pathophysiology of idiopathic CTS.

In this study, we quantified the structures inside the carpal
tunnel on MRI and correlated findings with nerve conduction
studies in patients with idiopathic CTS to evaluate if disease
severity had an effect on morphological changes. We
investigated only women because idiopathic CTS is more
often seen in women than men,® and differences in area of
the flexor tendons and the carpal tunnel are known to exist
between the sexes.'® !

Idiopathic carpal tunnel syndrome (CTS) is the most

MATERIALS AND METHODS

"We prospectively studied 105 wrists of 105 consecutive
women patients diagnosed with idiopathic CTS, and 36
wrists of 36 female volunteers. Exclusion criteria for this
study were history of any surgery or wrist fracture of the
affected hand, double crush injury, diabetes mellitus, gout,
rheumatoid arthritis, or other systemic disease. Written

informed consent was obtained from all subjects, and the
hospital ethics committee approved the study protocol.

All subjects underwent clinical examination, nerve con-
duction studies, and MRI. Posterioanterior and lateral plain
x ray films were taken of the affected wrist of the patients to
check for bony abnormalities such as lunatomalacia, incor-
rect union of a distal radial fracture, bone tumour, or bony
erosion. Clinical examination included Phalen’s test, percus-
sion test at the carpal tunnel, determination of area of
sensory disturbance, Semmes-Weinstein monofilament test,
and a pinch and grip strength test. Chronicity of the disease
was determined based on the duration of numbness reported
by the patients. The diagnosis of idiopathic CTS was made on
the basis of medical history and physical examination. Nerve
conduction studies were conducted using Neuropack MEB-
5504 (Nihon Kohden, Tokyo, Japan) to determine motor
distal latency (MDL) and sensory conduction velocity (SCV).
Details of the measurement procedure have been reported
previously.*

MRI of the carpal tunnel was performed on the affected
hand of the patients and the right hand of the volunteers. The
protocol for the MRI was as follows: field strength,1.5 Tesla
(Toshiba VISART EX, Tokyo Japan); coil type, circular
extremity coil (GPFLEX); arm wrist position was prone with
the arm extended over the head, the forearm in pronation,
wrist in neutral position and fingers extended; and imaging
direction was the axial plane from the distal radioulnar joint
to the carpometacarpal joint level. T1 weighted spin echo
images and T2 weighted gradient echo images were obtained
(repetition time 600 and 380 ms; echo time 18 and 15 ms for
T1 and T2 respectively; section thickness, 3 mm; intersection
space, 0.3 mm; number of signals acquired, 2 for T1 and 2.6
Abbreviations; CTS, carpal tunnel syndrome; MDL, motor distal
latency; SCV, sensory conduction vefz/:cify; TCL, transverse carpal
ligament
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