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Table 3
Mean (SD) for angular excursion (deg) and rate of excursion (deg/ms)

Knee abduction Internal tibial rotation
Excursion Rate Excursion Rate
Single limb landing 6.6(3.6) 0.12(0.05) 214(6.4) | 0.15(0.06) |
Plant and cutting 98 (3.8)“| l" 0.13(0.04) 268(6.3)" ] ** 022(0.07) i
Both limb jump landing  11.2(3.6) 0.14(0.05) 12.1(4.9)"* 0.14 (0.05) **

*: p<0.05, **: p<0.01.

To each subject, 25 reflective markers of 9 mm diameter were
secured to the lower limb using double-sided adhesive tape, as
described in a previous study [ 14]. The markers were used to implement
the Point Cluster Technique (PCT) [18]. We calculated knee kinematics
using the joint coordinate system proposed by Grood and Suntay [19].
For PCT, the skin markers are classified into two groups: a cluster of
points representing a segment and points representing bony landmarks.
For a cluster of points, 10 and 6 markers were attached respectively to
the thigh and shank segments. The bony landmarks were the great
trochanter, the lateral and medial epicondyles of the femur, the lateral
and medial edges of the tibia plateau, the lateral (fibula) and medial
malleoli, and the fifth metatarsophalangeal joint.

2.4. Data analysis

The coordinate data obtained from the markers were not smoothed
because of the expected noise-cancelling property of the PCT. In each
trial, we calculated the angular displacements of flexion/extension,
abduction/adduction, and external/internal tibial rotation using the PCT.
The reference position for these measurements was obtained during the
static trial. We analyzed each variable at the time of foot contact and the
peak value from the foot contact to 200 ms thereafter. Additionally,
angular excursion for knee abduction and internal tibial rotation was
calculated. A rate of excursion for knee abduction and internal tibial
rotation was also calculated.

All dependent variables were calculated for each trial, then averaged
across the three trials. A repeated measures one-way ANOVA was used
to test for task differences in joint angle at the foot contact and peak joint
angle. The alpha level was set at p<0.05. A post hoc Bonferroni multiple
comparison test was performed for each variable to determine
differences among tasks. Intraclass correlation coefficients (ICC (1, 3))
were calculated to determine the measurement consistency.

3. Results

Acceptable ICC (1, 3) values at the time of foot contact and a peak value were
established for knee abduction/adduction (0.98, 0.97), external/internal tibial rotation
(0.93, 0.98), and flexion/extension (0.96, 0.89). Fig. 2 portrays mean time course
comparisons across tasks for the three angular displacements of the knee (abduction/
adduction, externalfinternal tibial rotation, and flexion/extension).

Means, standard deviations and observed power for all variables at the time of foot
contact are presented in Table 1. The adduction angle in plant and cutting was significantly
larger than that for either single-limb landing or both-limb jump landing (p<0.01,
respectively); that in single-limb landing was significantly larger than that of both-limb
jump landing (p<0.05). The external tibial rotation angle in plant and cutting was
significantly larger than for either single-limb landing or both-limb jump landing
(p<0.01); that in single-limb landing was significantly larger than that of both-limb
jump landing (p<0.01). The flexion angle in both-limb jump landing was significantly
larger than that of either single-limb landing or plant and cutting (p<0.01); that in plant
and cutting was significantly larger than that of single-limb landing (p<0.01).

Means and standard deviations of peak values for all variables are presented in Table 2.
The peak abduction angle in both-limb jump landing was significantly larger than that of
either single-limb landing or plant and cutting (p<0.01 and p<0.05, respectively). During
single-limb landing or plant and cutting, their knee was abducted from foot contact with
time. However, even at their peak, it is adducted. The peak internal tibial rotation angles in
plant and cutting and both-limb jump landing were significantly larger than that of single-
limblanding (p<0.05 and p<0.01, respectively). The peak flexion angle in plant and cutting
was significantly smaller than both-limb jump landing (p<0.05).

The angular excursion and velocity for knee abduction and internal tibial rotation
are presented in Table 3. The excursion for knee abduction in plant and cutting and

both-limb jump landing was significantly larger than that for either single-limb landing
(p<0.01, respectively). The rates of excursion for knee abduction among three tasks
were not significantly different. The excursion for internal tibial rotation in plant and
cutting was significantly larger than for either single-limb landing or both-limb jump
landing (p<0.01, respectively), whereas that in single-limb landing was significantly
larger than that of both-limb jump landing (p<0.01). The rate of excursion for internal
tibial rotation in plant and cutting was significantly faster than that for either single-
limb landing or both-limb jump landing (p<0.01, respectively).

4. Discussion

The primary purpose of this study was to analyze the biomechanical
characteristics of the knee joint during several athletic tasks, and to
examine what tasks present a risk for ACL injury. A plant and cutting
manoeuvre is a movement that commonly causes ACL injury, of which
most situations were single-foot push-offs [5]. However, biomechanical
characteristics of plant and cutting and several athletic tasks are unknown.
Therefore, to compare a plant and cutting and normal single-limb landing
as well as both limb landing, we can understand these athletic tasks and
examine what tasks are risky for ACL injury. The results of this study
showed that greater excursion and more rapid knee abduction occur in
plant and cutting than that which occurs in single-limb landing, in
addition to greater internal tibial rotation. Furthermore, compared to
similar single-limb tasks, both-limb jump landing knee flexion and knee
abduction were greater; external tibial rotation at the foot contact was
smaller.

4.1. Plant and cutting versus single-limb landing

Some recent studies have compared biomechanical characteristics
across different athletic tasks [8,15,20]. Nevertheless, these studies
present some limitations. Although Chappell et al. [8] compared knee
kinematics of forward, vertical, and backward stop-jump tasks, they did
not examine lateral movement. Sell et al. [15] compared two-legged
stop-jump tasks in three different directions. Although their results
indicate that lateral jumps are the most dangerous of the stop-jumps, all
tasks were two-legged tasks, not single-leg tasks. Besier et al. [20]
compared the joint load during running, sidestep cutting, and crossover
cutting. They inferred that external moments applied to the knee joint
during the stance phase of the cutting tasks place the ACL and collateral
ligaments at risk of injury, but they did not analyze joint kinematics and
the frequency of the motion analysis system was too slow to support
examination of high-speed athletic tasks. Therefore, the results of this
study, along with those of the prior study, provide some implications of
mechanisms causing ACL injury.

The results of this study showed that, during plant and cutting,
external tibial rotation at the foot contact and peak internal tibial rotation
were greater than during single-limb landing. During plant and cutting,
from foot contact, subjects rotated the tibia more rapidly and to a greater
degree toward internal tibial rotation than during single-limb landing.
Previous studies [8,15,16] that examined the mechanism of ACL injury
have not analyzed tibial rotation during high-risk movement, probably
because of technical issues. In this study, we analyzed tibial rotation
using PCT. An anatomical study has demonstrated that internal tibial
rotation increases the strain of ACL [21]. Therefore, biomechanically and
anatomically, plant and cutting presents a high risk for ACL injury.

During plant and cutting, subjects demonstrated more increased knee
adduction at foot contact than during single-limb landing. After foot
contact, during single-limb landing, subjects showed twin peaks of knee
abduction. During plant and cutting, subjects moved toward knee
abduction with time, although subjects did not exhibit a great magnitude
of knee abduction. Consequently, during plant and cutting, excursion of
knee abduction was greater than during single-limb landing. Therefore,
during plant and cutting, greater excursion of knee abduction occurred
than during single-limb landing combined with greater internal tibial
rotation to push off their body to the other side and change direction.
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4.2. Both-limb jump landing versus single-limb tasks

Some studies have analyzed kinematics or kinetics during bilateral
landing to examine ACL injury mechanisms [11,12,22]; other studies have
screened risks for ACL injury [13] or lower limb injury [23,24]. However,
few studies have examined the characteristics of bilateral landing in
comparison to single-limb landing. Only Pappas et al. [16] compared
bilateral and unilateral landings. Their results indicated that, in unilateral
landings, subjects performed high-risk kinematics with increased knee
valgus, decreased knee flexion, and decreased relative hip adduction.
However, they showed no peak knee valgus or tibial rotation during
landing.

The results of this study demonstrated that, during both-limb jump
landing, knee flexion at foot contact was greater than for single-limb
landing and plant and cutting, and that peak knee flexion was greater than
plant and cutting. These results were consistent with those of a previous
study [16]. Pappas et al. [16] speculated that subjects might attempt to
prevent falls by limiting excessive knee flexion during unilateral landing
compared to bilateral landing, while simultaneously increasing the forces
in ACL. Additionally, in slight knee flexion, i.e. less than 30, contraction of
the quadriceps strains the ACL [21,25,26]. For that reason, slight knee
flexion is inferred as a risk factor of ACL injury. During a process of
prevention training leading athletes to increased knee flexion can
decrease the incidence of ACL injury. On the other hand, during both-
limb landing, external tibial rotation at the foot contact was less than that
during single-limb landing and plant and cutting, while peak internal
tibial rotation was not significantly different with plant and cutting.
Unilateral landing has a greater excursion of tibial internal rotation than
bilateral landing. As described above, an anatomical study has demon-
strated that internal tibial rotation increases the ACL strain [21].
Consequently, characteristics of unilateral landing that have less knee
flexion and greater internal tibial rotation present a higher risk for ACL
injury than bilateral landings.

During both-limb jump landing, peak knee abduction was greater than
for either single-limb landing or plant and cutting, while knee adduction at
foot contact was smaller. These results did not support our hypothesis. We
speculate that knee abduction was limited compensatory for greater
internal tibial rotation and smaller knee flexion to prevent ACL injury
during single-limb tasks. The possibility of ACL injury arose when subjects
allowed greater knee abduction during single-limb tasks. Another reason
might be that, because ACL injury occurs not only in single-limb situations
but also in both-limb jump landing, the latter also poses a risk for ACL
injury. Krosshaug et al. [27] analyzed videos of ACL injury situations and
reported that ACL injury occurred during two-legged landing in 9 of 22
cases of female player situations, although it occurred in only four cases of
one-legged landing. Therefore, it is thought that both-limb landing with
greater knee abduction might also pose a risk for ACL injury.

Greater knee abduction was apparent during a both-limb jump landing
task. For screening of ACL injuries, we detected knee abduction well in this
task. It is difficult to detect a risk demonstrating greater knee abduction
during single-limb tasks because of these characteristics, which demon-
strate limited knee abduction. Moreover, knee abduction during both-limb
landing can be evaluated using a two-dimensional approach, which uses a
video recorder and analyzes a frontal projected knee valgus angle [17].
Some studies have been conducted using comparable methods [23,28].
Consequently, considering convenience and efficiency, both-limb jump
landing is thought to be valuable for screening the risk of ACL injury.

4.3. Limitations

This study has important limitations. Influences of the hip and ankle
have recently been suggested [9,29]. However, the present study
analyzed the kinematics of the knee only. Additionally, although joint
kinetics holds great importance for analyses of athletic tasks and for
examination of the mechanisms of injuries, we only analyzed knee
kinematics because we have not developed a joint-moment calculation
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system corresponding to PCT. Future studies should examine the
relation between kinematic data and kinetics data to assess the ACL
injury mechanism.

5. Conclusion

We compare the biomechanical characteristics of the knee joint for
several athletic tasks to elucidate the characteristics of single-limb
landing, plant and cutting and both-limb landing, and to examine what
tasks present a risk for ACL injury. The results indicate that, in plant and
cutting, knee abduction combined with internal tibial rotation poses a
risk of causing ACL injury. Both-limb landing with greater knee abduc-
tion might also pose risks for ACL injury.
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High tibial osteotomy using two threaded pins and figure-of-eight

wiring fixation for medial knee osteoarthritis: 14 to 24 years

follow-up results
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Abstract

Background. High tibial osteotomy (HTO) is an established
surgical treatment for medial knee osteoarthritis (OA). Several
studies have reported the deterioration of clinical results with
time, especially after more than 10 years. The purpose of this
study was to evaluate the long-term results after HTO using
our originally developed fixation method and to clarify the
factors affecting the long-term clinical outcome.

Methods. Sixty-eight HTO treatments in 55 patients were
evaluated. Eighteen patients were unable to be analyzed, thus
reducing the study to 48 knees in 37 patients. The follow-up
rate of the knee joint was 70.6% and the mean follow-up
period was 17.1 years. The first evaluation was performed at a
mean of 6.5 years postoperatively, and the most recent evalu-
ation was done at more than 10 years postoperative follow-up.
A closing-wedge osteotomy was performed, and the osteot-
omy site was fixed with two threaded pins and a figure-of-eight
wiring technique. The Japanese Orthopaedic Association knee
rating score (JOA score) was used for the clinical assessment.
The change of the femorotibial angle (FTA) and progression
of knee OA were radiographically analyzed. The whole knees
were subsequently divided into two groups, satisfactory group
and unsatisfactory group, according to the JOA score at the
most recent follow-up.

Results. The mean JOA score was 59.1 before HTO and 83.1
at the most recent evaluation. In comparing the satisfactory
and unsatisfactory groups, the JOA score before HTO was the
same, but the JOA score of the unsatisfactory group was sig-
nificantly lower at the first evaluation. The FTA in the unsat-
isfactory group was the same as in the satisfactory group
preoperatively, but it was significantly larger after HTO. The
radiographic OA was significantly progressed at the most
recent evaluation, but no difference was observed in the dis-
tribution of the preopérative OA grade between the two
groups. .

Conclusions. HTO with two threaded pins and figure-of-
eight wiring fixation showed an acceptable clinical ouicome,

Offprint requests to: G, Omori
Received: March 2, 2007 / Accepted: October 10, 2007

but careful attention was needed for correction loss in early
postoperative periods. In addition, the proper correction
angle is necessary in order to achieve satisfactory long-term
results.

Introduction

Osteoarthritis (OA) is the most common form of degen-
eration of the joints. The knee joint is the key structure
in the lower extremity and has much influence on the
activity of daily life (ADL) and the quality of life (QOL)
in elderly persons. These include standing, walking,
running, jumping, stair climbing, deep knee bending
such as squatting or Japanese-style sitting, and other
lower extremity tasks. Approximately 10% to 15% of
people aged 60 years and older have symptomatic knee
OA.! Therefore, knee OA is a major source of chronic
disability and is becoming a serious public health
problem.

High tibial osteotomy (HTO) is one of the successful
surgical treatments for medial compartment knee OA.
HTO was first described by Jackson and Waugh,? and it
is now widely accepted as an attractive procedure with
good pain relief and preservation of knee function. Pre-
vious studies of early to midterm results of HTO have
shown excellent outcomes in more than 80% of cases.>*
However, several studies with long-term follow-up
reported that the results of HTO deteriorated with time,
especially after more than 10 years. Several factors have
been identified as affecting the results of HTO, but they
remain controversial. These include sex, age at surgery,
body weight, preoperative severity of knee OA, method
of osteotomy and fixation, correction angle, amount of
preoperative adduction moment, and postoperative
period.*"
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Among these factors, the type of fixation following
osteotomy remains important, and, in the past, the
following methods have been reported: bone staples,
blade plate with screws, one third tubular plate with a
cortical screw (tension bend principle), L-buttress plate,
and external fixator>*® We developed a fixation
method using two threaded pins and figure-of-eight
wire and used this method for our consecutive HTO
cases.

The purpose of this retrospective study was to assess
the long-term results after HTO using our fixation
method and to clarify the factors affecting the long-term
clinical outcome.

Subjects and methods

Our indications for HTO were basically as follows: (1)
degenerative change was mainly located in medial com-
partment (medial knee osteoarthritis), (2) normal or
mild degeneration in lateral and patello-femoral com-
partment, (3) patient was younger than 70 years old and
had relatively high activity in ADL, and (4) good range
of motion and no remarkable knee joint instability.
Between 1980 and 1990, HTO was performed in 68
consecutive knees int*55 cases by our senior surgeon
(Y. K.). Seven patients died, 6 patients were unable to
be evaluated due to the presence of other severe medical
illnesses, and 2 patients were lost to follow-up. Three
knees in 3 patients were converted to total knee arthro-
plasty (TKA) at 10 years, 12 years, and 15 years after
- HTO, respectively. Therefore, the remaining 48 knees in
* 37 cases were available for the present study, and the
follow-up rate of the knee joint was 70.6%. There were
43 knees in 33 women and 5 knees in 4 men. The mean
age at -HITO was 59 years with a range from 40 to 69
years. The mean follow-up period was 17.1 years, but
individual follow-up ranged from 14 to 24 years. The
preoperative diagnosis was medial compartment knee
OA in all the cases, and the preoperative Kellgren-
Lawrence classification” showed grade II in 8 knees,
grade Il in 35 knees, and grade IV in 5 knees. All of the
patients were evaluated initially in 1993, with a mean
follow-up of 6.5 years, and evaluated at more than 10
years follow-up postoperatively. All of the patients were
fully informed about the procedures and gave their
informed consent.

Operative procedures and postoperative regimen

.Jn all knees, the closing-wedge interlocking osteotomy
»~through a lateral approach was performed according
to the technique described by Ogata.” The correction
angle was preoperatively determined to allow the
mechanical axis, which is the line connecting the center
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of the femoral head and the ankle joint, to pass through
the midpoint of the lateral compartment. The preopera-
tive planning was performed using non-weight-bearing
supine radiograph of the whole lower extremity accord-
ing to Ogata et al.® Ogata mentioned that the relative
angle of the articular surface (condylar-plateau angle)
in the weight-bearing knee changed after osteotofny,
and this might give unpredictable results postopera- _
tively. He also found that the condylar-plateau angle in
the postoperative standing radiograph was very similar
to that seen in the non-weight-bearing supine condition,
and recommended that a non-weight-bearing supine
radiograph was beiter for preoperative planning. The
femorotibial angle (FTA) that met this condition was
around 165° to 168° in the majority of cases. The fibula
was resected at the mid portion of the shaft. The oste-
otomy site was fixed with two threaded pins and a
figure-of-eight wiring technique. First, two threaded
pins, 2.4 or 3.0 mm in diameter, were inserted from distal
and lateral of the osteotomy site to the medial corner
of the proximal tibia passing through the medial half of
the osteotomy line. Next, figure-of-eight wiring, 0.8 to
1.0mm in diameter, was placed between the distal end
of the pins and lateral wall of the proximal tibia. After
the osteotomy site was fixed, leg alignment was checked
by X-ray and cancellous bone fragments harvested from
the resected bone wedge were grafted to the osteotomy
site (Fig. 1). Postoperatively, the knee joint was immo-
bilized with a cast for 6 weeks. Range-of-motion exer-
cise was started after the cast was removed. Partial
weight bearing was started 4 weeks after HTO and
full weight bearing was allowed at 8 to 10 weeks
postoperatively.

Clinical evaluation

All of the patients were directly interviewed and exam-
ined. The clinical result was evaluated using the Japa-
nese Orthopedic Association knee rating score (JOA
score).” The JOA score consisted of four categories and
100 points as full marks: pain and walking (30 points),
pain and ascending or descending stairs (25 points),
range of motion (35 points), and joint effusion (10
points). In this study, the preoperative JOA score was
compared with the JOA score at the first evaluation in
1993 and at the most recent follow-up. Subsequently, the
results of the JOA score were classified as excellent if
the most recent score was 91 to 100, good if 81 to 90,
fair if 71 to 80, and poor if the most recent score was
less than 70 points. Furthermore, all knee joints were
divided into two subgroups according to the result of
the most recent follow-up. The patients who were clas-
sified as excellent and good were referred to as the sat-
isfactory group, and the patients who were classified as
fair and poor were referred to as the unsatisfactory
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group. Thirty-seven knees in 22 patients (1 male, 21
female) were included in the satisfactory group, with
an average age at surgery of 57.9 + 5.0 years and average
follow-up period of 14.0 + 2.9 years. On the other
hand, 11 knees in 10 patients (3 male, 7 female) were
included in the unsatisfactory group,-with an average
age at surgery of 60.1 £ 8.7 years and average follow-up
period of 14.3 £ 3.1 years. N statistical difference was
observed in the demographic data between the two
groups.

Fig. 1. Radiography of the knee joint
before and after high tibial osteotomy
(HTO) with two threaded pins and
figure-of-eight wiring fixation tech-
nique. a Before HTO, b after HTO,
¢ first evaluation, d most recent
d  evaluation

Radiographic evaluation

The change of FTA and the grades of knee OA accord-
ing to the Kellgren-Lawrence classification were ana-
lyzed with a standing whole-leg X-ray taken before
surgery, at 1 to 3 weeks after HTO, and at each follow-
up point.
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Statistical analysis

The obtained data were expressed as the mean values
+ standard deviation (SD). The relationships of ana-
lyzed parameters were determined using the paired -
test and the Wilcoxon signed rank test. In all analyses,
a P value of less than 0.05 was considered to be
significant.

Results

Clinical results

The mean JOA. score of all patients improved signi-
ficantly from 59.1 * 7.6 before HTO to 86.3 * 6.5 at
the first evaluation (Table 1). At the most recent follow-
up, the JOA score had slightly declined to 83.1 £ 9.3
but this change was not significant. In each category of
JOA scores in all patients, the pain and walking score
improved from 14.5 + 5.2 before HTO to 26.6 + 5.6
at the most recent evaluation, the pain and stairs score
from 12.7 % 6.6 to 20.2 + 4.9, the score for range of
motion from 25.6 + 4.8 to 27.8 + 4.6, and the score for
joint effusion from 6.3 £ 5.7 to 8.5 £ 4.3. The mean
range of motion was 9.3° + 8.0° fixed flexion to 133.0°
+ 18.1° of flexion before HTO, and 2.6° £ 4.3° to
132.5° + 16.2° of flexion at the most recent evaluation.
In comparing the satisfactory group and the unsatisfac-
tory group, the mean JOA score was similar before
HTO, but at the first and the most recent evaluation,
the JOA score of the unsatisfactory group was signifi-
cantly lower than that of the satisfactory group. Fur-
" thermore, in the unsatisfactory group, the JOA score
had significantly declined from first evaluation to the
most recent follow-up (Table 1). In the current study,
there were two postoperative complications. One
patient had peroneal nerve palsy and spontaneously

recovered in 3 months after surgery. Another patient
had delayed'union and autologous iliac bone graft was
performed. Final bone union was obtained at 7'months
after HTO. These complications did not affect the clini-
cal results. '

»

Radiographic results

The mean FTA of all patients was corrected from 185.4°
+4.4° before HTO to 168.2° £2.9° postoperatively, and
this alignment was maintained at the most recent evalu-
ation. In the satisfactory group, the change of FTA was
almost same as the results of all patients. In contrast, the
FTA of the unsatisfactory group changed from 185.3° £
2.1° preoperatively to 170.2° +2.3° after HTO, and grad-
ually increased at first evaluation and increased even
more at the most recent follow-up. The FTA of the
unsatisfactory group was the same as the satisfactory
group preoperatively, but was significantly larger at
each time of postoperative evaluation (Table 2). Seven
of the unsatisfactory group (63.6%) had an FTA larger
than 168° (170°:"3 cases, 172°: 3 cases, 173°: 1 case). The
radiographic QA of all patients before HTO were clas-
sified as follows: 8 knees as Grade I, 35 knees as Grade
III, and 5 knees as Grade IV. At the most recent evalu-
ation, the distributions were 1 knee as Grade II, 18
knees as Grade III, and 29 knees as Grade IV. The
number of Grade IV OA at the latest evaluation was
significantly greater than that of before HTO (Table 3).
In comparing the satisfactory group and the unsatisfac-
tory group, no statistical difference was observed in the
distribution of preoperative radiographic QA grade
(Table 4). At the latest evaluation, the distributions of
OA in the satisfactory group were 1 knee in Grade II,
18 knees in Grade II, and 18 knees in Grade IV. On the
other hand, in unsatisfactory group, all knees were clas-
sified as Grade IV OA.

Table 1. Japanese Orthopaedic Association (JOA) score before high tibial osteotomy (HTO), at the first evaluation, and at the

latest evaluation

JOA score
Classification Number of knees Before HTO First evaluation” Latest evaluation®
All Patients 48 59.1 ”'_r7.6 86.3 -TF 6.5 831493
Fofe
Satisfactory group 37 59.1+9.1 200+54 873 +43
Unsatisfactory group i1 591 % 5.8 822 % 7i2 69.11i 5.8
o o ®

Data given as mean * standard deviation
* Ple 0.05; ¥+ P <001

*Mean follow-up 6.5 years

®Mean follow-up 17.1 years

- 166 -



