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Lumbar Disorders of Judo Players
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®Abstract

The purpose of this work is to study lumbar disorders, and their relationships with spon-
dylolysis and spondylolisthesis, in highly trained Judo players. From 1991 to 1993, the
follow-up survey of Judo players was carried out with or without lumbar disorders. And
their X-ray findings were evaluated of spondylolysis and spondylolisthesis. Judo players
showed high incidence of spondylolysis (33%). It suggests that spondylolysis results from
stress reaction of the pars interarticularis in growth. Through this study, another spondyloly-
sis was not occured nor spondylolisthesis were developed. It suggests that well-trained trunk
muscles prevent the development of spondylolisthesis.
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Introduction

Judo is one of traditional martial arts in Japan,
and that age bracket is very wide. Almost Judo play-
ers began to practice Judo in their growth.

From 1991 to 1993, the follow-up survey of Judo
players was carried out with or without lombar dis-
orders. And their X-ray findings were evaluated of
spondylolysis and spondylolisthesis.

Materials and Methods

Subjects of our study were twenty one Judo play-
ers. They were between 19 and 33 years old. Average
age was 26.3 years old. They began to practice Judo
at about ten years old, and have been training for
six to twenty five years. Average Judo experience
was thirteen years. Their average height was 178
cm, average weight was 94.5 kg. They were training
for three hours a day and six days a week.

All of the subjects were checked in 1991, 1992
and 1993 at Miyazaki Medical College Hospital. Lum-

bar spine X-ray films including AP, lateral, oblique,
flexion and extension postures were taken on 21

Judo players. And trunk muscle powers were ex-
amined by KIN-COM machine (Fig.1).

Results

Nineteen Judo players of twenty one had episodes
of low back pain and six had been suffering from
lumbago during the period of this study. But no one
developed neurological deficit.

X-ray films proved that seven of all subjects
showed spondylolysis and three of seven showed
spondylolytic spondylolisthesis. No one had degen-
erative spondylolisthesis. Two cases showed spondy-
lolytic spondylolisthesis in the fourth lumbar verteb-
ra, one case showed in the fifth lumbar vertebra.
Four cases showed spondylolysis in the fifth verteb-
ra (Tablel).

All cases were pointed out spondylolysis or spon-
dylolisthesis on their X-ray films in 1991. But
through this study, another spondylolysis did not
occurred nor spondylolisthesis were developed.

Table 1 : Subjects with spondylolysis

Case Age Experience (yr.) X-ray findings
1. 30 20 L4 spondylolytic spondylolisthesis
2. 33 25 L4 spondylolytic spondylolisthesis
3. 24 12 L5 spondylolytic spondylolisthesis
4. 28 18 L5 spondylolysis
5. 28 19 L5 spondylolysis
6. 25 13 L5 spondylolysis
7. 23 12 L5 spondylolysis

: Muscle Power Test by KIN-COM

Fig. 1
This is flexion power test of trunk. His pelvis and
crura were fixed for his maximum performance
of trunk flexion. Strength was evaluated by isom-
etric contraction at zero degree of lumbar spine.

Maximum flexion and extension power of trunk
was evaluated (Fig. 2). There was not significant
difference between Judo players with spondylolysis
and without it. There was statistical difference be-
tween Judo players and normal controls in lumbar
extension.

Discussion

Top level Judo players in Japan began to practice
Judo in their growth, so sports disorders in growth



B2 K4 VOL.14 NO.4 389

- Lumbar Fle.
: Lumbar Ext.

*P<0.05

12
10
8
6
4
2
0
Lysis(-) Lysis(+)
Judo Players

Fig. 2 : Strength of Trunk

Controls

Lumbar extension power is stronger than lumbar flexion power in every
group. There is no signficant differrence between Judo players with sp-
ondylolysis and without it. In lumbar extension power, there is a signifi-
cance between Judo players without spondylolysis and normal control.

spurt occurred frequently. Judo is a combative
sports, and Judo players have repeated movement of
extension to flexion of the trunk with heavy loads
on their low back.

We experimented with a cause of spondylolysis

\“ﬂ’

_-—‘
s WO
—
s

Fig. 3 : Three Dimentional Finite Element Model
The simulated loads (arrows) were applied to the
surface on the superior and the inferior facet joints
vertically.

using a three dimensional finite element method. The
simulated loads were applied to the surface on the
superior and the inferior facet joint vertically (Fig.
3). There were heavy stress at the pars interarti-
cularis. It suggests that stress reaction of the pars
interarticularis leads spondylolysis.

Technique of Judo, especially in throwing techni-
que, needs lumbar hyper-extension to hyper-flexion
with rotation (Fig. 4) . This motion is so over-
loaded to the facet joint, that spondylolysis occurs
frequently in Judo players.

The incidence rate of spondylolysis of our sub-
jects was 33% . Ichikawa reported high incidence of
spondylolysis in Judo players of 29.2% and Yamaji
reported 20.2% of spondylolysis in college Judo
players. It is considered that high incidence of spon-
dylolysis in Judo players results from stress frac-
ture in school boy age.

Another spondylolisthesis was not occurred nor
developed during the period our study. It is sus-
pected that well-trained trunk muscles prevent the
development of spondylolisthesis.

Trunk muscle power tested by KIN-COM machine
proved that Judo player without spondylolysis has
stronger trunk extension power that normal control.
It is thought that strong trunk extension power is
one of characteristics in Judo players.

It is reported that trunk muscle strength of pa-
tient with spondylolysis is inferior to it of normal
without spondylolysis. But Judo players with spon-
dylolysis had equal strength in lumbar flexion and
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Fig. 4 : Judo play
Technique of Judo, especially in throwing technique,
needs lumbar hyper-extension to hyper-flexion with
rotation. This motion proved lumbar hyper- extension
with left lumbar rotation.

extension to Judo players without it. It is expected
that strong trunk muscle power and excellent lum-
bar extension/flexion ratio prevent low back pain on
Judo player with spondylolysis.

It is necessary to observe further muscle weak-
ness after retirement of Judo. We are going to carry
out follow up suryey of retired Judo players.

Conclusion

1. Judo players showed high incidence of spondy-
lolysis (33%).

It suggests that spondylolysis results from
stress reaction of the pars interarticularis in
growth.

2. Through this study, another spondylolysis was
not occurred nor developed. It suggests that
well-trained trunk muscles prevent the develop-
ment of spondylolisthesis.

2)

4)

10)
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The Difference of Hop Biomechanics
between Normals and Patients Who Have
Deficiency in Anterior Cruciate Ligament
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Doreen Birac
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@®Abstract

The purpose of this study was to investigate the difference in biomechanics of hopping be-
tween normals and patients who had deficiency in anterior cruciate ligament (ACL). Nine
male chronic ACL-deficient patients, 26-45 years old, and 7 male normal subjects, 21-38
years old, were studied in a gait laboratory performing single legged double-hop. All subjects
performed double-hop for their maximum distance with single leg. The hop test included hop-
ping onto and off of force platform using one leg. Data of the hip, knee, and ankle were
obtained bilaterally using a 3-dimensional video-based optoelectronic system for motion
analysis (CFTC, computerized functional testing corporation) and a force platform for
measurement of 3 -D ground reaction force.

In the results from all subjects, two mechanisms of hopping were identified based on the
pattern of external flexion moment about the knee. First pattern (pattern 1) showed a
smooth convex curve and second pattern (pattern 2) showed a sudden decrease curve in ex-
ternal knee flexion moment just at maximum knee flexion. The majority of patients showed
pattern 2, which produced lower loads at the knee compared with pattern 1.

Significant differences between normals and patients were found in the maximum eccentric
knee power just after landing and knee angular impulse. Patients tended to use 65-70% of
normal knee power and 70% of normal knee angular impulse. Patients with ACL rupture
tended to reduce contraction of quadriceps during hopping.

=R 1) Department of Orthopaedic Surgery,
T078 JfEJITHPEHE 4455 3 D11 Asahikawa Medical College,
TBINERFKFERN B E 2) Department of Orthopedic Surgery,
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AFFEOBMIIREE LA +FHE (ACL) BiEBOFR Yy TNNAF X H =7 ADMHER R
HTAILTHL, HRIIHIBYE ACLIEHEFR M I & (Fi26—45F) LREBHTS
#21—38F) ThHhot:, BBEIRKEELZ?OS L-E G 2HEAy 72 RS OTo7, 2
FOVEANOFy TR IBEA~DOER, RICZIHLORETCINS 2 —EOEEL L CHi
TL7. FRIMERAESY A4 4 — FERVZ 3 RTEIEBITEE (CFTC) & 3 RILKRRIIKIC
) TR OEEKDFER T £ LI L7, HatMITICIT student-t test Z I\ P <0.05%
HEEL L7, BRI, BKEROKRCTOTHEO/REREE— 2 >~ Ml (RBPES £ —
AV M) ICHEEIICENAON, 2FVREBOLZCIIEL RN — T TRAED KE
WOIZK L, ACLEBEDEZ L BIHAPHTO N —T7DELERAAREIR/SY — 2R 1
BAMBEL/NE o7z, T2 ACL BIRE TRERMEROROHER 7 - L THRORAEE
bEBINEDo72, UbEX ) ACLWEE I+ y TEMECUERBIERZ2BL &, BED
KERE T 2 BE LA EMAHT 2BEICERL TS EEZ S,

The functional changes of the lower extremity that
could occur in patients who had rupture of anterior
cruciate ligament (ACL) have been undefined, espe-
cially during sports activities. Functional test in
high demand activities could provide useful know-
ledge of optimum management of patients who
should continue sports activities after ACL rupture.

Several investigators have studied the locomotor
change of patients after ACL rupture”?®® to iden-
tify the functional disability of ACL-deficient pa-

tients. However, there were few reports studying
biomechanical change in hopping of patients who
had ACL rupture. The assumption of this study was
that the functional changes of lower extremity could
occur to prevent abnormal displacement of tibia onto
femur in ACL deficient patients. Therefore, the
biomechanical study about strenuous activities could
provide the strategy in management of ACL deficient
patients.

q -e— hop direction

- f\‘, | F
- 1.‘ & & - E
force platform %g‘ =/

A: upper margin of iliac crest on lateral view,

B: greater trochanter, C: center of lateral femoral condyle,
D: lateral malleolus, E: center of calcaneus,

F: base of fifth metatarsus

Figure 1

A stick figure of hop test. Subjects performed double hop, first was onto and
second was off of a force platform with one leg for their maximum distance.



Materials and Methods

Nine male chronic ACL-deficient patients, 26-45
years old, and 7 male normal subjects, 21-38 years
old, were studied in the gait laboratory performing
single legged double-hop. All patients were di-
agnosed as complete ACL rupture under arthrosco-
pic examination. Patients who had less than 12
months time after injury, and showed thigh muscle
weakness and significant damage to secondary res-
traints and/or menisci were not included in this
study. All patients kept level 27 sports activity at
the time of this study. All subjects were instructed
to perform stable double-hop for maximum distance
on a single leg. The hop test included hopping onto
and off of the force platform using one leg (Figure
1). Each subject performed two trials of hop at
their maximum distances. Each trial was considered
an independent event for statistical analysis. The
hop mechanism and hop difference between normals
and ACL deficient patients were investigated.

The instrumentation, which has been described
previously by Andriacchi (CFTC, computerized
functional testing corporation) ', included a two-
camera optoelectronic digitizer, lighting- emitting
diodes, a multicomponent force-plate (BERTEK),
and a minicomputer. Placement of light- emitting
diodes on the test subjects, determination of the
geometric centers of the joint, and recording of the
kinetic data for the hip, knee, and ankle were per-
formed as previously described”. The external mo-
ments about three joints were converted into vector
components along the axes of flexion-extension,
abduction-adduction, and internal-external rotation
for each of the joints. All moments were normalized
to body weight and height.

Angular impulse (total work during stance phase)
and power curves of each joint were also obtained.
Net internal moments of hip extensors, knee exten-
sors, and ankle plantar flexors were defined as
absolute value of measured moments in this study.

For statistical analysis, student’s t-test was used
and significance difference was defined at P <0.05.

Results

Mechanism of Hopping

During hopping, the changes in external flexion
moment about the knee that tended to flex the knee
joint from ground were related to the angle of knee
flexion. There were two kinds of patterns in hopping

B ZREEE VOL.14 NO.4 393

Foot Strike Take Off

65.61 ‘ ‘
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i
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22.98
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Net Quadriceps
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Figure 2 Drawing showing typical two patterns
of hop test. First pattern (pattern 1
thin line) showed a smooth convex
curve and second pattern (pattern 2

bold line) showed a sudden de-
crease curve in external knee flexion
moment just at maximum knee flexion
(upper drawing). The maximum
knee flexion moment was smaller in
pattern 2 compared with that in pattern
1 (lower drawing). The majority of
patients showed pattern 2, which
produced lower loads at the knee
compared with pattern 1.

Pattern {—

Pattern 2 s

Knee Flexion Moment
(%BWxHT)

)
wu
0
—

mechanism based on the curve pattern of knee
flexion-extension moments. First pattern (Pattern 1)
showed a smooth convex curve during stance phase
of hop test. The magnitude of this moment was con-
stantly positive during stance phase, which was ba-
lanced by a net internal moment that was produced
by contraction of the quadriceps and that maintained
equilibrium. On the other hand, second pattern
(pattern 2) showed a sudden decrease and jagged
curve pattern, which was poorly balanced by inter-
nal moment (Figure 2). 82% of hop trials in nor-
mal subjects showed pattern 1. 61% of hop trials in
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Table 1 Biomechanical results of hop test depended on two patterns in knee flexion moment# 1.

Pattern 1 (n=33)#2 Pattern 2 (n=31)#2

Max. knee flexion moment
during mid-stance

Max.eccentric knee power
at landing

Max. concentric knee power
at take off

Max.knee anterior force

Knee angular impulse
Hop distance(%HT)

15.8£3.7

88+ 35

3.7%1.1
16540

127227

60X 21

36t16 21t12
10818 93+18

25+0.8
141217

#1: Mean and standard deviation,

# 2 : Number of hop trials classified into

each pattern. All items have significant difference (p <0.05) between two
patterns. unit of moment : % body weight (BW) x height (HT), power :
%BW x HT x radian/second, force : %BW, impulse : %BW x HT x second, HT

-cm.

affected side and 80% in unaffected side of patients
showed pattern 2.

Table 1 shows biomechanical results of hop test of
each pattern. The source of this data was all hop
trials, which included 36 trials of patients and 28
trials of normal subjects. Pattern 2 hop showed sig-
nificantly lower value than pattern 1 in maximum
knee flexion moment, maximum eccentric knee power
just after landing, maximum concentric knee power
at take-off, maximum knee anterior force, which
acted the center of the knee from posterior to anteri-
or direction at mid-stance, knee angular impulse
(total work), and hop distances. There was no sig-
nificant difference in the value of knee flexion angle
at landing between two patterns.

Differences between Normals and Patients

Table 2 shows the kinetic and kinematic data of
hop test in normals and patients. Significant differ-
ences between each group were observed at the time
just after landing and in mid-stance during hop test.
Just after landing, the maximum eccentric knee pow-
er of patients and maximum medial force about knee
of affected side of patients were significantly smaller
than that of normal subjects. Patients tended to use
65-70% of knee power of normal subjects just after
landing (60+24, 64+21 compared with 92+ 37 per
cent of body weight multiplied by height and radian
per second). Another significant finding just after
landing was observed in maximum inferior force ab-
out knee joints. The magnitude of this force in the
affected side of patients was significantly smaller

than that in unaffected side of patients and in both
sides of normal subjects (241 £ 46 compared with
276 + 52 and 277 * 63 per cent of body weight).
There was no significant difference in the value of
knee flexion angle at landing between each group.
During mid-stance, maximum knee flexion moment
(net quadriceps torque) of the patients was signifi-
cantly smaller than that of the normal subjects (13.4
+2.6 in the affected knee and 13.7 2.5 in the un-
affected knee compared with 15.8 = 4.4 per cent
body weight multiplied by height). The maximum
knee flexion angle during stance phase in the
affected side was significantly smaller than that of
the normal subjects (58 + 7 compared with 66 £ 15
degrees). Overall, the value of hop distance, hip
angular impulse in the affected side, and of knee
angular impulse in the both side of the patients were
significantly smaller than that of normal subjects
(135 =+ 18 compared with 163 £45 per cent of height,
2.2%+1.6 compared with 3.4 = 2.3 per cent of body
weight multiplied by height and second, 2.7 £ 0.6,
2.8+ 1.1 compared with 3.8 1.2 per cent of body
weight  multiplied by  height and second,
respectively).

Discussion

Two mechanisms of hopping described in this
study (Figure 2) proposed functional changes be-
tween normals and patients who had ACL-deficient
knees. Pattern 1 produced high loads at the knee,
and was seen in the majority of normal subjects,
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Table 2 Kinetic and kinematic results of hop test of normals and ACL-deficient patients.

Normals Patients
Unaffected Affected
(n=28) (n=18) (n=18)
Ma"‘e“e""'c RIS Pl 92+37 60+24* 64x21*
(%Bw Qsec)
about knee "k
just after landing (%BW) 277+63 27652 24146
Knee flexion angle (degrees) 20+9 23+9 2418

Max.flexion moment about

during stance phase(%BWxHT) 15.8+4.4
wmkmm??egrees) 8615
Double hop distance(%HT) 16345
Angular impulse(%BWxHTxsec)
Hip 34x23
Knee 3812

Ankle 3.7+09

137£25%  134226"*

6012 58+7%
147+14 135+18%
3.0+12 22+16*"
28+1.1* 2.7+06*
34+12 3.5+0.6

* : Significant difference (p<0.05) from normals, * * : Significant dif-
ference (p<0.05) from normals and unaffected side of patients.

while Pattern 2 produced lower loads, and was seen
in the majority of ACL deficient patients. The most
important finding was that the subjects who showed
Pattern 2 in knee flexion moment had lower magni-
tude not only in the peak value of several valuables
but also in total work (angular impulse) of knee
extensors (Table1). This result suggested that the
patients who had ACL rupture tended to avoid
potential muscle function in the strenuous activities,
and also indicated that the majority of ACL deficient
patients (80% of contralateral side showed pattern
2), also developed contralateral adaptation that re-
duced loading at the knee.

The significantly small magnitude of eccentric
knee power in both knees of patients (Table 2) in-
dicated that patients with ACL rupture tended to
avoid contraction of quadriceps at landing. This
functional adaptation was also reported in gait
study”, in jumping”, and in running”. These find-
ings might be protective mechanisms from abnormal
anterior translation of tibia.

Significant small values in medial and inferior
knee force just after landing in affected side of pa-
tients (Table 2) indicated ACL-deficient knees
could adapt to decrease shear force in coronal plane
and joint compression force.

In hop data described in this study, the angular

impulse about the hip of affected side was also signi-
ficantly smaller than that of normals but not about
the ankle (Table 2). These results were different
from that of runing study for ACL deficient
patients” . This difference may be caused from the
kinetic difference between hopping and running.

External knee extension moment (net hamstring
moment) during hopping was absolutely small.
Therefore, hop test could not be recommended for
testing functional change of hamstring.

In the management of patients after ACL rupture,
more flexed knee position at landing is recommended
to prevent abnormal anterior translation of tibia
onto femur”, resulted in suppressing degenerative
change of the knee joint.
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Causal Factors in Four Accidental
Deaths Caused by Skiing Injuries
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@®Abstract

We evaluated 4 cases of accidental deaths sustained while skiing. Patients were seen at
Critical Care and Emergency Center, Iwate Medical University during the winter seasons be-
tween 1987 and 1993. We analyzed causal factors related to the individual skiers, the equip-
ment and the environment. Deaths were due to head injuries sustained by colliding with an
obstacle at a high speed. The individuals were young male students of an intermediate or ex-
cellent level of fitness and were intermediate or skilled skiers. There was no problem with
their equipments. Accidents in those cases occurred on fine or cloudy days with good visibil-
ity, week days, light skiing traffic and excellent snow condition, all favorable conditions for
downhill skiing. Unfavorable conditions were the subjects’ fatigue and the use of narrow runs
with a high risk of going off the course. The rate of accidental deaths was 0.38 per million
skier days, which was very low compared with that of other countries.
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Introduction

With the development of high-tech skiing equip-
ment and the improvement of skiing areas, more
skiers now enjoy high-speed downhill skiing. There
has been a concomitant increase in severe skiing in-
juries. While the analysis of severe skiing injuries
and accidental deaths would help in developing im-
proved safety measure, few such studies have been
published .

Iwate Prefecture is one of the most popular ski re-
sorts in Japan. In fact in 1993, one of the World
Cup circuits was held there. More than 15 million
skier-days were spent at Iwate Prefecture during
the ski seasons between 1987 and 1993 (Report on
trends in ski visitsor in Iwate Prefecture by Com-
merce and Trade Division, Iwate Prefecture, Japan).

The Critical Care and Emergency Center, Iwate
Medical University is the main emergency hospital
in this Prefecture. Cases of severe skiing injuries
are sent to this hospital either directly or via
another hospital. We evaluated data on four

accidental deaths due to skiing injuries treated at
this hospital during the winter seasons between 1987
and 1993.

The following factors were analyzed : Individual
factors including age, sex, education, skill, and pre-
sence of alcohol ; equipment factors including owner
of the skis and type of binding ; and environmental
factors including time of accident (year, month, day,
hour, date), the terrain and snow conditions
(gradient, weathers, nature of snow, snow surface),
traffic on the course, width of the run, speed upon
impact, and mode of injury. Data on the subject’s ski
equipment, on environmental factors, and circumst-
ances were obtained from the injury report provided
by the rescue team for that area. Data on individual
factors were obtained from medical record at the
hospital.

Case report

We analyzed 4 cases referred from two ski areas
in the Iwate Prefecture, males whose average age

Table 1 Causal factors in 4 fatal cases of head injury sustained while skiing
Case 1 Case 2 Case 3 Case 4
Age 16 22 18 19
Sex Male Male Male Male
Family relation Eldest son Eldest son S Eldest son
Educational High school student University student High school student University student
Fitness level Excellent Intermediate Excellent Intermediate
Alcohol No No No No
Skis His own His own His own His own
Binding Step in Stepin Step in Stepin
Binding released Yes Yes Yes Yes
Skill Excellent Intermediate Excellent Intermediate
Date January/89 Feburuary/90 March/91 March/93
Weekday Weekday Weekday Weekday
Time 11:50 8:40 16:40 15:30
Gradient Intermediate Intermediate Gentle Intermediate
Weather Fine Fine Fine Cloudy
Visibility Good Good Good Good
Surface Smooth Smooth Smooth Smooth
Snow condition Fresh Fresh Wet ley
Traffic Moderate. Moderate. Light Light
Speed High High High High
Width of run (m) 25 30 35 30
Circumstances  While descending straight Lost control and collided While descending straight He lost control while
down at the right side of with a lift tower. down the right side of the  descending an icy slope

the course, he tried to turn
to the left, but failed, and
collided with a tree.

course, he looked aside, and collided with a tree.

then collided with a tree.
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was 18.8 years, range 16 to 22 years. They were
brought to the Critical Care and Emergency Center,
Iwate Medical University within 2 hours after the
accident. Details appear below.

Case 1 : This 16-year-old male high school stu-
dent, an advanced skier was comatose on admission.
Glasgow coma scale (GCS) was E, V.M., (total
score ; 4 points). His blood pressure was 161/89
mmHg and his pulse rate was 51 beats per minute.
Respirations were shallow and rapid at 32 breaths
per minute. Chest X-rays showed pneumonitis prob-
ably due to aspiration. The size of the pupils was
unequal (R <L) and the light reflex was delayed.
There was bleeding with leakage of spinal fluid from
the nose. X-ray films of the head showed a posterior
linear skull fracture. A CT of the head revealed dif-
fuse swelling in the brain, subarachnoid hemorrhage,
brain contusion, pneumocephalus. Examination of the
blood coagulation parameters showed a platelet
count of 96,000/mm°, an activated partial thrombo-
plastin time of 106.0 sec (normal : 37.1 sec.), a
prothrombin time of 24.2 sec. (normal : 14.6 sec.),
fibrinogen of 19.0 mg/ml, and an antithrombin 11l of
75.3% diagnosed as disseminated intravascular
coagulation. The trachea was immediately intubated
and patient was placed on a respirator. The adminis-
tration of barbiturate therapy for reduction of in-
tracranial hypertension was instituted using a
thiamylal sodium. However, there was marked swell-
ing in the brain and the brain stem reflex including
the light reflex disappeared on the first day. Both
the auditory brainstem response (ABR) and
electroencephalo-graphy (EEG) became flat on the
second day. The patient died on the 19 th hospital
day.

Case 2 : This 22-year-old male university student,
an intermediate level skier, was comatose on admis-
sion; the GCS was E, V. M,, (total score : 7 points).
His blood pressure was 138/77 mmHg and his pulse
rate was 64 beats per minute. Respiration was con-
stant at 14 breaths per minute. The light reflex was
rapid, and pupillary inequality (R < L) was pre-
sent. X-ray films of the head revealed no significant
fractures, and CT of the head revealed a subarach-
noid hemorrhage, and an intradural hematoma (about
50 ml) in the subcranial region of the left medial
skull. There was a mid-line shift from left to right.
The trachea was immediately intubated and the pa-
tient was placed on a respirator. The administration
of barbiturate therapy for reduction of intracranial
hypertension was instituted using a thiamylal
sodium. The hematoma was removed in an emergen-
cy operation. However, the patient showed marked
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swelling of the brain and the light reflex dis-
appeared on the first hospital day. The ABR became
flat on the 4 th day. A transcranial Doppler test re-
vealed no blood flow in the brain. The patient died
on the 9 th hospital day.

Case 3 : This 18-year-old male high school stu-
dent, an advanced skier, was in cardiac and respira-
tory arrest on admission. A comminuted skull frac-
ture was observed in the parietal region with result-
ing prolapse of the brain. Despite attempts at car-
diopulmonary resuscitation the patient could not be
revived, and was pronounced dead 1 hours after
admission.

Case 4 : This 19-year-old male university student
was an intermediate-level skier. On admission, his
GCS was E;V:M; (total score : 11 points). His
blood pressure was 134/94 mmHg, and the pulse was
64 beats per minute. Respirations were constant at
24 breaths per minute. The light reflex was rapid
and there was no pupillary inequality. Hemorrhage
from the right ear with leakage of spinal fluid were
noted. X-ray films of the head revealed a contusion
of the bilateral frontal lobe. The intracranial press-
ure was controlled by the infusion of mannitol. On
the first hospital day, the patient experienced a
generalized chronic spasm. CT of the head revealed
cerebral edema, so that tracheal intubation was car-
ried out and barbiturate therapy was instituted.
However, the patient’s pupils became dilated and the
light reflex was lost. The ABR became flat and he
died on the 6 th hospital day.

Conditions at the injury : Contributory factors in
the 4 cases are listed in the Table 1. Two were high
school students and two were university students.
Two were of excellent fitness and 2 were of in-
termediate fitness. Two were advanced and two
were of an intermediate level of skiing competence.
No alcohol was detected in their serum on admis-
sion. The accident occurred in January in one case,
in February in one case and in March in 2 cases. All
accidents occurred on weekdays when the ski area
was not crowded. In each case the ski run was 25 to
60 m wide. The accident occurred in the morning in
1 case, around noon in 1 case, and in the evening in
2 cases. The victims all wore their own skis. Bind-
ings were of the step-in type. At least 3 of the sub-
jects had sufficient knowledge about adjusting the
bindings. The weather was clear in 3 cases and
cloudy in one case, while visibility was good in all 4
cases. In 3 cases, the gradient of the slope was in-
termediate (10-20 degrees), while it was gentle
(about 5 degrees) in the other case. The snow sur-
face was smooth, it was fresh in 2 cases, wet in one

13
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case, and icy in one case. In each instance, the sub-
jects collided with a tree in 3 cases, and a lift tower
in the other case. The run in which the 3 subjects
collided with a tree ranged from 25 to 40 m wide.
These 3 subjects were skiing at the edge of run, then
ran off the course and collided with a tree. In case
1, the course was set along the ridge. The lift tow-
er with which case 2 collided was located at the edge
of the run. A protective net was in place.

Discussion

All four accident victims were young male skiers
who collided with obstacles at a high speed, and sus-
tained fatal injuries to the head. Findings resembled
those in previous reports'” as to age range, sex, and
mechanism of injury. However, according to the sta-
tistical report on skiing injuries during the ski sea-
sons between 1988 and 1992 in one of the ski areas
reported here®, the average age was 30.5 years with
only 3.8% of the injuries caused by collision with
an obstacle, and about 12.5% had sustained a head
injury. These findings resemble those reported in
other countries®" and in other regions of Japan
(reports on ski injuries by Safety Measure Division
of the Japan Ski League and by All Japan Skiing
Safety Measure Conference written in Japanese) .

Other common factors in the accidental death
cases ; male student, eldest son, and of intermediate
or excellent level of physical fitness. Equipment was
owned by the victim and was apparently not a
casual factor. Accidents occurred on fine or cloudy
weekdays with good visibility on an empty course
and on a smooth surface. While these conditions
make for excellent skiing, they can also be regarded
as risk factors for high-speed collisions.

Fatigue may have been a contributing factor since
the accidents occurred at the end of either the morn-
ing or the afternoon session in 3 of the 4 cases. A
narrow run with a high risk of going off the course
may also have been a contributory factor. The width
of run where the 3 subjects collided with a tree
ranged from 25 to 40 m, and both sides of the run
were forested. Ski runs in Japan are usually con-
structed by deforestation. There is a great accumula-
tion of snow on the ski runs than in the forest so
that the course is elevated. Thus, once a skier runs
off the course, he can collide with a tree. The energy
of impact is the sum of the kinetic and the potential
energy » severe and even fatal injuries are the re-
sult. In the subject who collided with the lift tower,
the run (30 m) was narrow. Lift towers in Japan

are often located on the ski course with a high risk
of collision.

In reviewing almost 7800 reports of all skiing in-
juries in these two ski areas during the ski seasons
between 1987 and 1993, no accident victims died at
the scene ; the only fatal injures were those re-
ported here. The number of visitors to those two ski
areas was estimated to be 11 million skier-days®:
thus the rate of ski injuries was calculated to be
0.71% and the death rate was calculated to be 0.38
per million skier-days, lower than that in other
countries, i. e, - 0.81 per million skier-days in
Canada®‘, 0.25 in Australia’, and 1.71 in the USA°’
The rate in Australia was underestimated since the
study excluded deaths that occurred more than 24
hours after the accident.

Most of such head injuries may be prevented if
the following preventive measures are taken : 1)
Expansion of ski runs, elimination of obstacles, and
fencing off or marking of dangerous zones. 2)
Education of youths to prevent reckless speeding
and encourage falling on the slope before colliding.
3) The use of helmet. Oh et al. discovered in an ex-
perimental study that a collision at a speed of adout
16 km/h may result in a depressed skull fracture
and therefore advocated the use of a helmet”.

Foot notes

The GCS evaluates the patient’s level of con-
sciousness in three ways verbal response, eye
opening, and motor response. The GCS score is
obtained by adding the individual scores for each of
the three components. A fully oriented, alert patient
would receive the maximum score of 15. A mute,
flaccid patient who has no eye opening to any stimu-
li would receive a score of 3.
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Fracture of the Shaft of the Radius and Ulna
Due to Entanglement of a Volar
Protector During Horizontal Bar Exercise
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@®Abstract

Fracture of the shaft of the radius and ulna due to entanglement of a volar protector with a
rod during horizontal bar exercise is an uncommon injury. We presented two cases and stu-

died via a questionnaire the gymnastics members and analysed their answers.

The cause of this accident was mainly forceful palmar flexion of the wrist joint according

to using stretched protector.

In terms of prevention of this injury, the gymnasts should pay attention to the length of the

protecter and the use of well-fitting protector.
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Introduction

A volar protector is an apparatus used for the
horizontal bar, flying rings, parallel bars, and un-
even paraller bars in gymnastics. Its purpose is
mainly to protect the hand from injuries and to
facilitate grasping the bars. Demands for difficult
skills have led to improvement in the protector, and
subsequently the appearance of the new protector
with a rod (Fig. 1). There is a trend that skilled
gymnasts use volar protectors with rods, whereas
unskilled gymnasts use those without rods.

We have experienced two rare cases of fractures
of the shaft of the radius and ulna due to the entang-
lement of a volar protector during horizontal bar ex-
ercise. This report presents these two cases and dis-
cusses causes and prevention.

Materials and Methods

We have experienced two cases of fracture of the

radius and ulna due to entanglement of a volar pro-
tector with a rod during the period from 1985 to
1992.
We present these two cases, and then report the re-
sults of a related questionnaire to fifteen members of
Tokai University gymnastics club (Table. 1) . All
members are male.

Case Reports

Case 1
In May 1985, a 20-year-old male who had begun

Table 1. Questionnaire

1. Have you ever experienced entanglement of
a volar protector during horizontal bar exer-
cise ?

Which types of protector did you use then—with
or without a rod ?

2. What kind of exercise were you doing at the
time ?

3. If you experienced entanglement, what kinds
of complications did you have ?
What kind of treatment did you get for them ?

4. If you experienced entanglement, how many
years had you practiced gymnastics until then ?

5. What kind of aftereffects or sequelae did you
get?

6. Which type of the protector do you use now ?
(to all members)
A. without a rod B. with a rod

7. What are the merits and demerits of using a
volar protector with a rod ?

8. What causes and prevents the entanglement
of a volar protector in your opinion ?

gymnastics 6 years previously was practicing the
giant swing on the horizontal bar. He wore a volar
protector with a rod. Suddenly, his left wrist joint
was fixed due to entanglement of this protector dur-

Without a rod

With a rod

Figure 1.



ing exercise from giant swing backward : 1/ 2 turn
to momentary handstand and backward swing in
hang (Fig. 2-a). Then, his body was rotated, while
his wrist joint was fixed in palmar flexion. He felt a
severe pain and deformity of left forearm which
made him visit our hospital. Plain films revealed
fractures in the distal third of left radius and ulna
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Fig.2-a From giant swing backward : 1/2 turn to
momentary handstand and backward swing
in hang
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Fig.2-b L giant swing
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—
Fig.2-c¢ From giant swing forward 1/2 turn to
momentary handstand and forward swing in
hang
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He was operated on with A-O narrow plates. He has
approximately 5 degrees limitation of supination
seven years after the operation (Fig. 3) He re-
turned to full sports activities four years ago and
works as a the junior high school teacher now.
Case 2

In October 1989, a 17-year-old male who had be-
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Fig.2-d Giant swing forward
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Fig. 2-e Russian giant swing
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Fig. 2-f Giant swing backward

Figure 2.
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gun gymnastics at 11 years of age was trainning for
the giant swing on the horiznotal bar. His protector
was caught on the bar, leading to immobilization of
the left wrist in palmar flexion, while he was in the
midst of L giant swing (Fig. 2-b) .Only his trunk
was rotated, and his left forearm was injured. Roent-
genograms revealed fractures of the left radius and
ulna. He underwent open reduction and internal
fixation with a plate and a Kirschner wire in
another hospital. Unfortunately, this fracture did not
heal but developed non-union. In November 1990,

he was reoperated with inlay graft using A-O
plates. Two years postoperatively he has returned to

Post. Ope. 8 Mos.

active gymnastic at Tokai University (Fig. 4 ).
Results of Questionnaire study

Fifteen members of the gymnstics club of Tokai
University were studied with the questionnaire.
(including case 1 and excluding case 2) Average
age was 19.9 years (range 18 to 23), a history of
gymnastics experience varied from 5 to 15 years
(mean, 9.5 years). Age at the time of beginning
gymnastics was from 6 to 18 years old (mean, 10.5
years). 9 members (60%) have experienced en-

Post. Ope. 11 Mos.

Figure 3.

Pre. Ope.

Post. Ope. 1 Yr.

Reoperated with
inlay graft

Figure 4.
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tanglement of the volar protector during horizontal
bar exercise (Table. 2). All gymnasts used volar
protector with a rod, and had injuries of soft tissue
or bone. Four out of the nine cases had fractures.
Their history of gymnastics varied from 3 to 6 years
(mean, 5 years). Two cases, with avulsion fractures
of the ‘wrist joint’, were treated conservatively.
The other two cases, who had fractures in the shaft
of radius and ulna, were treated operatively. All
cases have returned to full sports activities. Only
these two cases had a little limitation of supination
of forearm subsequently.

Performances of horizontal bar exercise which
caused the injuries consisted of four cases of L giant
swing (Fig. 2-b), two cases of giant swing forward

: 1/2 turn to momentary handstand and forward
swing in hang (Fig 2-c), two cases from giant
swing backward : 1/2 turn to momentary handstand
and backward swing in hang (Fig. 2-a), one case
from giant swing forward (Fig. 2-d).

We asked nine responders, who had experienced
entanglement of a protector, the following question :
What did they think were the causes of
entanglement ? In the majority of cases (6 cases),
the cause was that they had used the protector with
became lengthened due to wear and tear, and,
secondly, that the individual could not turn to the
position of dorsal flexion of the wrist joint (3
cases). Also they used a protector not correctly fit-
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ting their hands in two cases, or grasped the bar
with excessive force (2 cases). In one case the bar
was thought to be ‘too big’. These answers were
same as other member’s opinions.

Discussion

The fractures of the radius and ulua due to en-
tanglement of a volar protector on the horizontal bar
exercise are uncommon. To our knowledge, only
eleven cases have been reported to date in Japan'*.
Eight out of the eleven cases were reported in detail
(Table. 3) ***. Their ages ranged from 13 to 23
years (mean, 16 years). Our two cases 17 and 20
years were in the same age range. These injuries
occurred 8 months to 10 years (mean, 3.4 years)
since the beginning of the horizontal bar exercise.
Both our two cases were 6 years. Exercise associated
with these injuries were the following : two cases
from giant swing forward : 1/2 turn to momentary
handstand and forward swing in hang, two cases
from giant swing forward, one case from Russian
giant swing (Fig. 2-e), one case from giant swing
backward : 1/2 turn to momentary handstand and
backward swing in hang, one case from giant swing
backward (Fig. 2-1).

The mechanism of these injuries was reportedly
forceful palmar flexion of the wrist, which is same

Table 2. Case of Entanglement of a Volar Protector

?‘ﬁ? bleony o(fygr\;mnastics Exercise Fractures
Casel | 13 5 From G.S.F | Shaft of radius and ulna
2 8 3 L.G.S Avulsion Fx of right wrist joint
3| 13 8 From G.S.F
41 18 1 G.S.F
5| 16 5 L.G.S
6| 17 6 L.G.S Avulsion Fx of right wrist joint
7| 16 3 L.G.S
8| 14 4 From G.S.B
9| 20 6 From G.S.B | Shaft of radius and ulna

From G.S.F------ From giant swing forward : +turn to momentary handstand and
forward swing in hang

From G.S.B - From giant swing backward : %turn to momentary handstand and
backward swing in hang

L.G.Smssasavisass L Giant swing

G Frostiesnicns Giant swing forward
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Table 3. Reported Cases in Japan

Age | History of ) Reported
(yr) gvm(yzrs)st-cs Exercise Fractures by
Casel | 13 2 From G.S.F | Shaft of radius and ulna (R)*? | Ohtsuka
2| 18 3 From G.S.F | Galeazzi Fx. (L)*3 Ohtsuka
3| 15 1 R.G.S Shaft of radius and ulna (R) Ohtsuka
Shaft of radius and ulna (L) ;
411 3 G.S.F Epiphyseolysis of radius end (L) Ohtaki
51| 14 2 From G.S.B | Epiphyseolysis of radius end (R)| Ohtaki
Epiphyseolysis of ulna end (R) .
6|15 4 ? Styloid process of ulna (R) Ohtaki
71 23 10 G.S.F Shaft of radius and ulna (L) Takao
g"| 16 5 G.S.B Shaft of radius and ulna (L) Takao

From G.S.F---- From giant swing forward : %turn to momentary handstand and

forward swing in hang

From G.5.B----- From giant swing backward : -lz-turn to momentary handstand and
backward swing in hang

RG G mrivnsbsinives Russian Giant swing
G, SiF oromconrentons Giant swing forward
G.S B weoerinserieie Giant swing backward

*10nly this case used a volar protector without a rod.

with our cases. Concerning the types of fracture, a
case of non-arrested epiphysis line had epiphyseoly-
sis, an arrested case had a shaft fracture.

On the questionnaire, all responders indicated
they used protectors with a rod. They said that the
merits of those with rods were that they could grasp
the bar easily, forceful grasping was not necessary,
corresponding to the demands of higher grade tech-
nique, etc.. Demerits mentioned were mainly entang-
lement of a volar protector. They mention the
causes, including assumed ones : The protector was
lengthened excessively (10 cases, 75%). They
could not turn to the position of dorsalflexion of
wrist joint from the position of palmar flexion (8

Table 4. Causes of Entanglement

1. The protector was lengthend excessively - 10 cases

2. They couldn't turn to the position of dorsal-
flexion of the wrist joint

3. They grasped the bar with excessive force 4 cases

4. They used a protector not correctly fitting
their hands

5. A rod was too big
Total 15 cases

22

*2Right **Left

cases, b4%). They grasped the bar with excessive
force (4 cases). It did not fit to their hands (2
cases), etc. (Table. 4).

To prevent these accidents, the gymnasts should
pay attention to the above mentioned factors and
make it a rule to check their protectors before train-
ning.

In performing the giant swing, the protector cros-
ses the horizontal bar obliquely. Then, the protector
is loosened adding to turn to delay of dorsal flexion
of wrist joint. This situation is most dangerous for
this accident (Fig.5).

The gymnasts should pay particular attention to
exercise of L giant swing and giant swing forward
(backward) : 1/2 turn to momentary handstand and
forward (backward) swing in hang.

Conclusions

1. We reported two cases who sustained fractures
of the shaft of the radius and ulna due to entangle-
ment of a volar protector with a rod during horizon-
tal bar exercise.

2. We studied via a questionnaire the gymnastics
members of Tokai University and analysed their
answers.

3. The cause of entanglement of the volar protec-
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Figure 5. In performing, when the gymnasts play the giant swing,
the protector crosses the horizontal bar obliquely.
Then, the protector is loosened adding to turn to delay
of dorsal flexion of wrist joint.

tor was mainly forceful palmar flexion of the wrist
joint according to using stretched protector.

4. The gymnasts should pay particular attention to
trainning of L giant swing, and giant swing forward
(backward) : 1/2 turn to momentary handstand and
forward (backward) swing in hang.

5. In terms of prevention of this injury, the gym-
nasts should pay attention to the length of the pro-
tecter and the use of a well-fitting protector.

References

1) Kondo Y : Injuries in gymnastics. A#E%EF
BT EIME (BE) ORAERREEFHEIZD
. JPN. J. ORTHOP. SPORTS MED. 5 :
55-58, 1986.

2) Ohtaki H, Shimanuki T, Mukai T. : $k#E#EH

3)

THELZTuT7 275 —D&BEZ AR L BT
BEHD 36, The Journal of Clinical Sports
Medicine 4 : 81-83, 1987.

Ohtsuka K, et al. : AR#RBEH P I24E U 7wk
BEHIO 2 FEHFIZ DT, The Journal of
Clinical Sports Medicine 7 : 63-66, 1990.
Tabuchi K et al. : Injuries of forearm and
hand in gymnastics. Orthop. Surg Traumatol.
24 1 601-607, 1981.

Takao Y, et al. © Fractures of the shaft of the
radius and ulna due to impingment of a volar
protector during horizontal bar training-a re-
port of two cases. JPN. J. ORTHOP. SPORTS
MED. 2 :83-93, 1983.

23






B ZREEE VOL.14 NO.4 409

Factors Involved in Ski-related
Traumatic Dislocation of the Hip
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@ Abstract

We evaluated factors involved in 6 cases of traumatic dislocation of the hip that occurred
during skiing at the Appi Ski Resorts in the past 6 years. Five of the 6 accident victims were
men. The injury was caused by a fall in 4 cases and by a collision with a tree in 2 cases. Of
the 4 cases of injury related to a fall, 3 were an anterior, and one was a posterior dislocation.
Five of the 6 patients suffered their injuries in March, most often around noon and a clear
day. The snow was sugar-like in 5 of 6 cases. The maximum temperature on the days on
which the injury was sustained was 0.8-6.9°C higher than the mean daily maximum. In 5
cases, injury occurred on a crowded slope. Difficulty in controlling the skis, an increased load
on the lower part of the body, and a large number of skiers on the slopes may contribute to
produce a dislocation of the hip joint.
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Introduction

Dislocation of the hip related to skiing is rare, and
the causal factors are unclear'”. To determine the
causal and contributory factors in cases ski-related
traumatic dislocation of the hip, we analyzed the
mode of injury, the situation in which injury was
sustained and the skiing conditions in 6 cases of
such injuries.

Subjects and Methods

Data were collected at the Appi Ski Resorts in the
northwestern part of Iwate Prefecture, one of the
largest ski areas in Japan. The total number of
skier-days for this resort in the six years between
December 1987 and April 1993 was 7,178,000".
During this period, 5,616 cases of injuries were tre-
ated at the resort’s first aid station, and six of these
had dislocated hips. The diagnosis was confirmed
using medical records and radiograms from the hos-
pitals to which the patients were transferred.

Deta on the maximum atmospheric temperature
and hours of sunlight were obtained from the Iwate
Matsuo Meteorological Observatory, the observatory
closest to the ski resort”.

Results

Patients ranged in age from 8 to 46 years (Table
1). Five of the six patients were males. The injury
affected left hip in 4 cases, and the right hip in 2

cases. Three of the 4 cases whose injury was related
to a fall during skiing experienced anterior disloca-
tions (Case 1-3), while one had a posterior dis-
location (Case 4). The 3 cases of anterior disloca-
tion resulted from forced abduction, external rota-
tion and extension of the legs while the tips of the
skis were open. In the case of posterior dislocation,
the patient fell while he was attempting to take a
photograph while skiing at a very low speed.

Both cases of collision involved posterior disloca-
tions, accompanied by contralateral femoral fracture
in one case (Case 5) and by ipsilateral distal
epiphyseal disruption and a patellar fracture in the
other (Case 6). These accompanying injuries sug-
gested that a strong direct force was applied from
the distal side of the femur along the long axis.

Five of the 6 patients suffered their injuries in
March. Most of them occurred around noon, a clear
day (5 cases) ; the day was cloudy in 1 case. The
mean duration of sunshine was 3.7 hours in Janu-
ary, and 5.6 hours in March. On the days on which
injuries were sustained, that mean durations of sun-
shine was longer by 1.2-4.4 hours. Visibility was
good in all instances. Snow on the slope was sugar-
like in 5 cases. Five of the injuries occurred on a
crowded slope either on, or the day before, a holi-
day. In 3 cases the injury occurred on a gentle slope,
and in 3 on an intermediate slope. The mean daily
maximum temperature was 1.4C in January and
5.8C in March ; the maximum temperature on the
days on which the injury was sustained was 0.8-
6.9C higher than the mean daily maxium.

With regard to skiing skill, 3 of the accident vic-
tims were novice and 3 were intermediate skiers.
The speed was considered safe speed in 3 cases and

Table 1 Summary of 6 Cases of Traumatic Dislocation of the Hip

CASE 1 CASE 2 CASE 3 CASE 4 CASE 5 CASE 6
Date 3/23/90 1/13/91 3/6/93 3/27/88 3/21/89 3/22/91
Time 13:30 11:00 11:30 12:00 11:30 11:15
Age 21 25 26 33 46 8
Sex man women man man man man
Type of anterior dislocation anterior dislocation anterior dislocation posterior posterior posterior
dislocation Epstein IIA Epstein 1A Epstein IIA Epstein Type | Epstein Type Il Epstein Type |
Mode of injury fall on the slope fallonthe slope  fall onthe slope  fall while taking photo collision with a tree collision with a tree
Level of experience  intermediate novice intermediate intermediate novice novice
Speed excessive excessive stationary stationary excessive stationary
Gradient gentle gentle moderate gentle moderate gentle
Weather clear clear clear clear cloudy clear
Sushine duration(hr) 8.8 55 6.8 10 7.3 9.8
Surface smooth deep snow rough gapped gapped smooth
Type of snow sugar snow fresh sugar snow sugar snow sugar snow sugar snow
Maximum temperature 12.7 (°C) 32 9.3 9.9 6.6 8.0
Traffic heavy heavy light heavy heavy heavy

26



Fig. 1 : Radiogram of the left hip joint of Case3
on the examination, showing anterior
dislocation of the joint (Epstein type I
A).

reckless speed in 3. Bindings were of the newest
“step-in type” in all cases, and were released at the
time of injury in all but one case. Each patient was
immediately transferred to a hospital. Manipulative
reduction was performed under general anesthesia
within 2.0-4.0 hours after the injury.

Discussion

Ski-related traumatic dislocation of the hip joint
is rare. This injury accounted for only 2(0.022%) of
the 9,120 ski injuries included in an American re-
port for the years 1939-1976°and only 2(0.025%) of
the 8,000 ski injuries included in an Anstralian sur-
vey issued in 1986°. We found nearly 5-fold higher
incidence (0.11%), suggesting an increase in its
incidence. Nagata et al., who studied ski injuries that
occurred at the Ishiuchi ski area in Nigata Prefec-
ture, also voted an increased incidence of hip joint
dislocation'.

Collision with a tree during downhill skiing pro-
duces severe injuries’. A strong force was likely to
be applied from the distal side of the femur along
the long axis similar to injuries sustained by col-
lding with the dashboard in an auto accident. In
cases of falling, the external force was unlikely to
exceed that incurred in other ski injuries. The type
of injury seemed to be attributable to the position of
the skier while falling.

Five of the 6 patients suffered their injuries in
March, most often around noon and a clear day. At
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Fig. 2 : Radiogram of the left hip joint of Case5
on the first examination, showing post-
erior dislocation of the joint (Epstein
type I). The patient underwent
manipulative reduction under intravenous
anesthesia 2 hours after sustaining injury.

this time of year, direct sunlight and an increased
temperature during the day can melt the surface of
the snow, making it difficult for skiers to control
their skis, and increasing the load on the lower part
of their body. At this time of year, the slopes are
often crowded with young students on vacation,
which may increase the risk of ski accident. Difficul-
ty in controlling the skis, an increased load on the
lower part of the body, and a large number of skiers
on the slopes may force some of them off the course
to collide with a tree, or increases the occurrence of
accidental falls, in rare cases producing a disloca-
tion of the hip joint.
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Lumbar Spondylolysis of Judo
Players and Long Distance Runners
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@®Abstract

The purpose of this study was to evaluate lumbar injuries of Judo players and long dis-
tance runners. Nineteen male judo players and twenty-five long distance runners were evalu-
ated by history, physical examination and standard radiogrdphs. Judo players showed higher
incidence of spondylolysis rather than long distance runners. It suggests that high incidence
of spondylolysis in Judo players was brought from such factors as unique lumbar motions,
specific spine stress, and vertebral bone maturity at the age when Judo players began to prac-
tice.
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Introduction

Lumbar spondylolysis of Judo players has become
one of the most widely discussed topics in ortho-
paedic lectures. But now, we do not have appropri-
ate answer for the risk factors of the occurrence.
The purpose of this study was to characterize the
incidence of lumbar spondyolysis between Judo play-
ers and long distance runners in Japan.

Materials and Method

Subjects of this study were twenty-one male Judo
players and twenty-six long distance runners. Aver-
age age, height and weight of Judo players were
25.3 years old, 178 cm, 94.5 kg. Those of long dis-
tance runners were 23.3 years old, 169 cm, 55.4 kg.

Judo players began to practice Judo at 9.9 years
old, and log distance runners began to run at 13.5
years old. Their average period of practicing Judo
was 15.3 years, and it of long distance run was 9.8
years. At present, Judo players were training for 3
hours a day and 6 days a week. Long distance run-
ners were training for 3 hours a day and 7 days a
week.

They were evaluated by history, physical ex-
amination and standard radiographs. Some cases
were taken of computed tomography or Magnetic Re-
sonance Imaging.

Result

Episode of low back pain was in 19 of all Judo
players (90%) and in 21 of runners (80%). But no
one indicated neurological deficit.

On the lumbar spine X-ray fims, seven of Judo
players (33%) showed spondylolysis (Fig. 1). Two
cases of them showed spondylolytic spondylolisth-
esis in the fourth lumbar vertebrae, one case showed
in the fifth. Four cases showed psondylolysis in the
fifth. Three of runners (12%) showed spondyloly-
sis. One of runners showed spondylolysis in the
forth and two of the them showed spondylolysis in
the fifth (Table.1).

Discussion

The average incidence of spondylolysis in
Japanese people is from four to seven percent. It is
commonly proved that athletes shows high incidence
of spondylolysis. The incidence rate of Judo players
in our subjects was 33%. Ichikawa repotted 29% in
Judo players. The incidence rate of long distance
runners in our subjects was 12% . Kobayashi re-
ported 21% of spondylolysis in runners and jum-
pers.

Every report proved that the incidence of lumbar
spondylolysis in Judo players was higher than in
long distance runner. Why does Judo player have

Table 1 : X-ray findings

Judo Players Long Distance Runners

L4 spondylolysis 0
L4 spondylolytic 2
spondylolisthesis
LS5 spondylolysis 4
L5 spondylolytic 1
spondylolisthesis

1
0

total 7/21 (33%)

3/26 (12%)
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TTINRTETTY TN

Fig. 1 : Lumbar Spine of Judo players (34 yr.)
X-Ray films proved that lumbar spine had spondylolytic spondylolisthesis
of L4. The grade of spondylolisthesis by Myevding is gradel. Osteoarthritis
in L4/5 is also seen.
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Fig. 2 : Judo players (24 year-old)
MRI Left side : TW 1, Right side : TW 2
He is one of elite Judo players in Japan. Lumbar disc degeneration and
herniation can be seen in L4/5.

Fig. 3 : Marathon Runner (34 year-old)
MRI Left side : TW 1, Right side : TW 2.
He was a Marathon runner of Olympic game. Lumbar disc degeneration can be
seen in L4/5 and L5/S1.
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higher incidence of lumbar spondylolysis?

Technique of Judo, especially in throwing, needs
lumbar hyperextension to typer-flexion with rota-
tion. This motion is so over-loaded to the facet
joints, that spondylolysis occurred frequently in
Judo players.

We experimented with a cause of spondylolysis
using a three dimensional finite element method.
That result shows when vertical force was put on
the interarticular joint, that loads concentrated on
the pars interaticularis. It suggests that stress reac-
tion of the pars interarticularis leads spondylolysis.

And bone matuity when a athlete participated in
sports is one of the factors causing spondylolysis. In
our subjects, Judo players began to practice Judo at
9.9 years old. And long distance runners began to
run at 13.5 years old. We suspected that almost
spondylolysis occurs under fourteen or fifteen years
old.

When does spondylolysis develop into spondylol-
isthesis ? From our follow-up survey from 1991 to
1994 of Judo players, another spondylolisthesis had
not occurred nor developed during the period of
study. It was suspected that spondylolsthesis occur-
red at just time when spondylolysis occurred or as
soon as later in growth period. And it was thought
that spondylolysthesis would not increase worse
step by step.

Some cases of our subjects were examined by
magnetic resonance imaging. Both cases do not have
spondylolysis. Fig. 2 shows a elite Judo athlete and
Fig. 3 shows Olympic Marathon runner. These Fig.
1 & 2 proved degeneration in intervertebral disc.
We shall study degeneration of intervertebral disc
in players.

Conclusion

1. Judo players showed higher incidence of
spondylolysis rather than Long distance runners.

2. It suggests that high incidence of spondyloly-
sis in Judo players was brought from such factors as
unique lumbar motions, specific spine stress, and
vertebral bone maturity at the age when Judo play-
ers began to practice.

1)

2)

3)

12)
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Muscle Strength Characteristics of
Knee and Trunk in Judo Players
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@®Abstract

The purpose of this study was to evaluate muscle strength of knee and lumbar spine in
Judo players. Nineteen male Judo players were evaluated by history, physical examination
and standard radiographs. There was no significant difference between Judo players with
lumbar spondylolysis and them without it. Judo players with meniscus injuries showed lower
knee extension muscle strength (32.78 Nm/Kg) rather that intact Judo players (39.69 Nm/Kg)
(P <0.05). Judo players with meniscus injuries, especially, need knee extension muscle
training for their extended competitive capacity.
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Introduction

The purpose of this study was to characterize the
muscle power capabilities and to evaluate sports in-
juries of knee and lumbar spine of Judo players in
Japan.

Materials and Method

Subjects of this study were nineteen male Judo
players and ten controlled male who had not prac-
ticed Judo. Their average age, weight and height of
Judo players were 24.4 years old, 178 cm, 103.5 kg.
Each of them in controlled group was 26.8 years old,
174.3 cm and 80.1 kg.

Judo players have been practicing Judo three
hours a day and six days a week. They had been
practicing for 15.3 years. They had started to prac-
tice Judo at 9.9 years old in average.

These two groups were evaluated by physical ex-
amination and standard radiographs of knee and
lumbar spine. Knee and trunk muscle strength were

evaluated at maximum isometric powers by
KIN-COM (Chattecx USA).
Results

Lumbar X-ray films proved that seven of all Judo
athlete had lumbar spondylolysis or

40
35
(Nm/ k%)o

25

20
15

10
S

Table 1 : Lumbar Spine Disorders of Judo Players

L4 Spondylolytic-

Spondylolisthesis 2
LS Spondylolysis 4
LS Spondylolytic- 1
Spondylolisthesis
Total 7/19 (33%)

spondylolytic-spondylolisthesis. Two cases showed
spondylolytic spondylolisthesis in the fourth lumbar
spine. Four cases had spondylolysis in the fifth. One
case had spondylolytic spondylolisthesis in the fifth
(Table1).

Fourteen knees in ten Judo players had
ligamentous injuries. Medial collateral ligamentous
injuries were recognized in eight cases, anterior
cruciate ligamentous injuries were in four cases,
lateral collateral ligamentous injuries and posterior
cruciate ligamentous injuries were in two cases each.
Three cases showed meniscus injuries (table 2).
Two of three menicus injuries were proved under
arthroscopy.

From trunk muscle strength tests, both trunk fle-
xion and extension power indicated no significant
differance between Judo players and controls. And
there was also no significant differance between

48
= Flexion
E& Extension

A

Lysis(+)

Lysis(-)
Judo Players

Controled G.

Fig. 1 : Trunk Strength
From trunk muscle strength tests, both trunk flexion and extension power proved
no significant differance between Judo players and normal controls.
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Table 2 : Knee Injuries of Judo Players

MCL Injury 8
ACL Injury 4
LCL Injury 2
PCL Injury 2
Meniscus Injury 3

Total 15/19 ( 79% )

(Nm/Kg)
40 39.36
30 25.79
20)

17.39

10
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Judo players with spondylolysis or spondylolytic
spondylolisthesis and without such a lesion (Fig. 1).

[sometric power was measured at thirty degree,
forty-five degree and sixty degree. Maximum knee
extension power was obtained at sixty degree. But
knee extension power test showed no significant dif-
ferance (Fig.2).

Maximum knee flexion power was obtained at
thirty degree. Knee flexion power test proved that
Judo players had significant (P < 0.05) stronger
power than normal controls (Fig.3).

Subsequently, Judo players were divided into
three groups ; the first : players who had no trouble

Judo Players

39.29
30°
16.50 60’
Controled G.

Fig. 2 : Knee Extension

Isometric power was measured at thirty degree,

forty-five degree and sixty degree.

Maximum knee extension power was obtained at sixty degree. But knee extension power

test showed no significant differance.

% P<0.05

(Nm/Kg)
30
26.29
12032
20 0
13.46
10

22.64
19.07

7130°
[ 45°
11.71[J 60°

Judo Players

ControledG.

Fig. 3 : Knee Flexion
Maximum knee flexion power was obtained at thirty degree. Knee flexion power
test proved that Judo players had significant (P <0.05) stronger power than

normal controls.
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in knee joints, the second : ligamentous injuriy, and
the third : menicus injuries they had. Judo players
with ligamentous injuries had statistically the same
level power as normal knee group. Judo players with
meniscus injuries showed statistically (P <0.05)

lower knee extension power (32.78 Nm/Kg) rather
than normal Judo players (39.69 Nm/Kg) (Fig.4).

Discussion

Technique of Judo play, especially in throwing
technique for another Judo players, needs lumbar
hyper-extension to hyper-flexion with rotation. It
was thought that this trunk motion made stress for
lumbar spine and these continuous stress brought
low back pain on Judo players.

The incidence rate of spondylolysis of our sub-
jects was 33% . Ichikawa reported high incidence of
spondylolysis in Judo players 29.2% and Yamaji re-
ported 20.2% of spondylolysis in college Judo play-
ers.

In the point of extension-flexion ratio of trunk
muscle strength, Kanazawa reported that Judo play-
ers who had low back pain, showed increase of
extension-flexion ratio. In our study, there was not
significant change of extension-flexion ratio. We
suspected that excellent extension-flexion ratio of
trunk prevented low back pain on Judo players who
had spondylolysis.

At thirty degree, there was statistical differance
in maximum knee flexion power between Judo play-
ers and normal controls. Prior to attack in standing
tricks, knee should be slightly flexed at about thirty
degree, because it is impossible to take enough pow-
er on complete extension of knee. Effective perform-
ance is ensured when knee eccentric flexion power
is strong for maximum energy output. We consi-
dered that strong knee extension power at thirty de-
gree proved one of characteristics in Judo.

Judo players with meniscus injuries, showed lower
knee extension power. It was thought that weak knee
extension power resulted from feedback phenomenon
of meniscus injuries. So they must be not only tre-
ated appropiately but they need knee extension mus-
cle training for their extended competitive capacity.

Conclusion

1. There was not significant change of exten-
sion-flexion ratio in trunk power between Judo
players with and without spondylolysis. We
considered that excellent extension-flexion ratio
of trunk prevented low back pain on Judo play-
ers who had spondylolysis.

2. There was statistical differance in maximum
knee flexion power between Judo players and
normal controls. We considered that strong
knee flexion power proved on of characteristics

¥ P<0.05

(Nm/Kg)
40 39.69 38.18

Extension
32.78 B Flexion

Meniscus Injuried

Fig. 4 : Knee of Judo Players
Judo players with ligamentous injuries had statistically the same level power as normal
knee group. Judo players with meniscus injuries showed statistically (P <0.05) lower
knee extension power (32.78 Nm/Kg) rather than normal Judo players (39.69 Nm/Kg).
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in Judo.

Judo players with meniscus injuries, showed
lower extension power of knee. They needs
knee extension muscle training for their ex-
tended competitive capacity.
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A Dynamic Proximal Realignment Procedure
for Recurrent Patellar Dislocation and
Subdislocation in Young Athletes
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@®Abstract

The purpose of this study was to evaluate the clinical and radiological results of a dynamic
realignment procedure with semitendinosus muscle in young athletes. There were 10 patients
(1 top athete, 5 competitive athletes and 4 recreational athletes) with a mean age of 13.4
years. Seven of them had recurrent patellar dislocation and 3 had recurrent patellar subdis-
location. The surgical technique was modified from that reported by the Uezaki. During
follow-up for a mean of 62.5 months, pain and giving way disappeared in 4 patients, de-
creased in 5 and did not decrease in one. The tilting angle improved from a mean of 20.1° to
8.8° and the lateral shift ratio improved from 27.2% to 12.4%. There were no recurrences
of patellar dislocation or serious complications associated with the surgery during the
follow-up period. Using our rating system for overall results, we found that in 2 patients the
results were excellent, in 6 they were good, one was fair and one was poor. It was concluded
that this dynamic realignment procedure with semitendinosus muscle can help to prevent
further patellar dislocation or subdislocation and to allow a quick return to athletics.

FIIEA Department of Orthopaedic Surgery,
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Recurrent patellar dislocation or subdislocation is
a common cause of patellofemoral disorders in young
athletes. Various surgical techniques’ ? ¥ for its
treatment have been described. These can be broad-
ly classified into proximal and distal realignment
procedures. Distal realignment procedures have been
widely used, but some serious complications associ-
ated with surgery, such as growth plate damage and
osteoarthritic changes, have been reported. In
contrast, the complications of proximal realignment
procedure are relatively few and minor, and we
have, therefore, used this procedure for patients
under fifteen years of age.

The purpose of this study was to evaluate the
clinical and radiological results of a dynamic pro-
ximal realignment procedure in young athletes with
recurrent patellar dislocation or subdislocation.

Materials and Methods

Between 1986 and 1990, 10 athletes were treated
with a dynamic proximal realignment procedure
with semitendinosus muscle (Table 1). There were
8 girls and 2 boys with a mean age of 13.4 years
(range : 12 to 15 years). Seven of the patients had
recurrent patellar dislocation and 3 of them had
recurrent patellar subdisocation. The follow-up
period averaged 62.5 months, with a range of 35 to

Table 2 Causative Sports

Volley Ball ......... 2

Gymnastics ........ 2

Field and Track... 2

Events
Side Jumping...... 2
Bascket Ball ...... 1
Lo R 1

93 months.

The patients were either frequently injured dur-
ing various sports activities or related the onset of
their symptoms to sports events (Table 2).

We modified the surgical procedure® described by
Uezaki (Fig. 1). A small medial parapatellar skin
incision was made and semitendinosus muscle was
exposed and cut at its insertion. A bony tunnel with
a diameter of 5 mm and a key hole were made in the
patella. The tendinous portion of semitendinosus

Table 1 Materials
Patients : 10 cases , 10 knees ( 8 girls and 2 boys)
Age : a mean of 13.4 years (12-15 years )
classification: 7 recurrent disloction, 3 recurrent subdislocation

Follow-up time : a mean of 62.5 months ( 35-93months)
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Table 3 Criteria for assessment of the results
items |  pain or radiolocical limitaion of | overall results
assess giving way improvement ROM

ment

Excellent none normal none all is excellent

good sometimes more than 50% =10° worst is good

fair often less than 50% 11—20° worst is fair
poor usual none or worse =21° worst is poor
preop. varue - postop. varue
radiological improvement ratio = X100 (%)

muscle was passed through the tunnel and pulled
tightly. The distal end of tendon was rolled and
sutured, and inserted in the key hole.

The knee was not immobilized and ROM exercises

with CPM as well as isometric quadriceps drill were
begun on the second postoperative day. Weight bear-
ing was begun from 2 weeks after surgery and full

weightbearing was permitted 6 weeks postoperative-

ly.

The subjective evaluntion consisted of the symp-
toms of pain and giving way. The objective evalua-

lateral release

Fig. 1

preop. varue - normal varue

tion consisted of range of motion and radiological
findings. The tilting angle® and the lateral shift
ratio were measured with the knee flexed 30 degrees
axially. The overall results were assessed with pain
or giving way, radiological improvement, and the
limitation of range of motion. The results were rated
as excellent, good, fair, or poor according to the
worst rating obtained for each evaluation item
(Table 3).

Surgical procedure
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Table 4 Sports activities

Table 5 Over all results

activity level preop. postop.
Excellent 2 cases
top athlete 1 case
Good 6 cases
competitive athlete 5 cases 2 cases Fai
air 1 case
recretional athlete 4 cases 2 cases Poor 1 case
non athlete 0 6 cases Total 10 cases

Results

After surgery, pain and giving way disappeared in
4 patients, decreased in 5, and did not decrease in
one. The tilting angle improved from a mean of
20.1° to 8.8°, and it was within normal limits in all
patients (Fig. 2). The lateral shift ratio improved
from 27.2% to 12.4% , and it was within normal
limits in 7 patients.

4 as recretional athletes (Table 4). Four of them
returned to sports postoperatively : 2 as competitive
athletes, and 2 as recreational athletes. The reasons
that the other 6 discontinued sports activities were
: no time to spare (n=2), no reason (n=3), and
pain (n=1).

By our rating system for overall results, 2 of the
patients were rated excellent, 6 good, 1 fair and 1
poor (Table 5).

During follow-up, there were no recurrences of

Before surgery, one of the patients had been clas- patellar  dislocation or serious complications
sified as a top athlete, 5 as competitive athletes, and associated with the surgery.
degree Tilting Angle % Lateral Shift Ratio
30 60
257 50 ] \
207 40 ] \
] : \ N

15 30 ] N \

103 20_:

5. 10

0 ; 0.3 '

preop. postop. preop. postop.

Fig. 2 Radiological results
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CASE REPORT

CASE 1 : 12-year-old girl

She twisted her left knee during the shot put in
1986 and visited our hospital immediatly. The knee
was markedly swollen and the patella was dislocated
laterally. A total of 70 ml of blood was removed
from the joint. A manual reduction was performed,
but radiographic examination after reduction
revealed patellar subdislocation with a large osteo-
chondral fracture. An operation was done.

At the time of the operation, an osteochondral
fragment (2 cm X2 cm) was found and was fixed to
the patella with absorbable sutures. Then semitendi-
nosus muscle was transferred to the patella.

The osteochondral fracture was completely united

Fig. 3a : A preoprative roentgenogram of
the knee in case 1. : The tilting
angle was 21° and the lateral shift
ratio was 52.5%.

Fig. 4a : A preoprative roentgenogram of
the knee in case 2. : The tilting
angle was 26° and the lateral shift
ratio was 38%.
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1 year after surgery. By 89 months after surgery,
the tilting angle and the lateral shift ratio were in
their respective normal ranges (Fig. 3). She has
since returned to her life as a student without any
symptoms.

CASE 2 : 12-year-old girl

She twisted her right knee during the high jump
in 1983. After that, she often felt her knee giving
way during sports. She belonged to the All Japan
junior of volley ball team. She wanted to return to
athletic competition and visited our hospital in 1986.

By 93 months after surgery, the radiological ex-
amination demonstrated that the tilting angle and
lateral shift ratio was in the normal range (Fig. 4).
She feels mild pain during sports but works as an
instructor at a swimming club.

Fig. 3b : A postoperative roentgenogram of
the knee in case 1. ! The tilting
angle improved to 7° and the
lateral shift ratio was improved to
20%.

Fid. 4b : A postoperative roentgenogram of
the knee in case 2. : The tilting
angle improved to 5 and the
lateral shift ratio improved to 10%.
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Discussion

Recurrent patellar dislcation frequently occurs in
young people with patellofemoral malalignment®
such as genu valgus, increased quadriceps angle,
patella alta, and imbalance of quadriceps muscle.
Abnormal tracking of the patella causes pain or giv-
ing way, and may damage the articular cartilage, and
may eventually result in osteoarthritis. MacNab’
found that untreated recurrent dislocation can even-
tually result in severe patellofemoral osteoarthritis.

Surgical procedures are therefore aimed at cor-
recting patellofemoral malalignment and preventing
osteoarthritis. The treatments for malalignment are
usually successful, but some serious complications
have been reported. Heywood" reported 4 cases of
genu recurvatum when the distal realignment proce-
dure was performed in children under the age of 14.
MacNab also emphasized the risk of this procedure
before the fusion of epiphysial growth plate. Accord-
ing to Hampson? , Hauser's procedure may hasten

rather than retard the development of osteoarthritic
changes in the patellofemoral joint.

The results of this study suggest that dynamic
proximal realignment can relieve symptoms and pre-
vent further patellar dislocation. There were no se-
rious complications associated with the surgery after
a mean of 62.5 months of follow-up. This procedure
is relatively simple and safe for the treatment of
young patients with open epiphysis. Moreover, post-
operative immobilization is not necessary, which
avoids the limitation of knee motion and allows for a
quick return to sports.

Patellofemoral stability and congruity depend on
the balance'” of the quadriceps muscle. It might be
expected that the transferred semitendinosus muscle
would pull the patella medially during knee motion
and prevent patellar dislocation, but this has not
been investigated in detail. To find out how dynamic
proximal realignment stabilizes the patella, we
analyzed the electromyogram (EMO) records with
ARIEL CES (Fig. 5a). EMG records were obtained
after surgery with surface electrodes from the rec-

Fig. 5a : The electromyogram Fig.5b :
analysis with ARIEL
CES.
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The results of the electromyogram analysis.
TC : torque Curve, FK : flexion angle of the
knee, RF : EMG activity of rectus femoris
muscle, MH : EMG activity of medial hams-
trings musle, ST : EMG activity of transfered
semitendinosus muscle



tus femoris muscle, medial hamstrings and transfer-
red semitendinosus muscle. EMG activity was
observed in transferred semitendinosus muscle dur-
ing both knee extension and flexion (Fig. 5b).
These data suggest that transferred semitendinosue
dynamically stabilize the patella, and pulls it medial-
ly during knee motion.

Summary

We evaluated the clinical and radiological results
of a dynamic proxymal realigment procedure in 10
young athletes with recurrent patellar dislocation or
subdislocation. The tilting angle improved from a
mean of 20.1° to 8.8° and the lateral shift ratio im-
proved from 27.2% to 12.4% . The overall results
were rated as excellent in 2 cases, good in 6, fair in
1, and poor in 1. There were no serious complica-
tions associated with the surgery after a mean of
62.5 months of follow-up. Electromyogram analysis
with ARIEL CES suggested that tranferred semiten-
dinosus muscle dynamically stabilizes the patellar
tracking. This procedure can help to prevent further
patellar dislocation and subdislocation and to allow
for a quick return to sports.

1)

2)

3)

7)

8)

10)
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Superior Labrum Injury of the Shoulder in Sports
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@®Abstract

We treated nine patients who had been diagnosed with superior labrum injuries by arthro-
scopic methods. All patients complained of pain when the shoulder was elevated, 5 patients
complained of a feeling of instability, and 1 patient complained of a feeling of the shoulder
catching when moving.

Arthroscopic debridement was performed in 2 cases, arthroscopic resection of labrum in 2
cases, arthroscopic stapling in 1 case, and arthroscopic multiple suture (Caspari method) in
4 cases. Elevation pain disappeared completely in 8 cases, the instability sensation
disappeared in 5 cases, and the click disappeared. 8 cases started playing their sports again,
and 5 out of these 8 cases made a complete recovery. We believe that arthroscopic treatment is
the best method for treating superior labrum injuries in athletes.
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Introduction

A superior labrum injury of the shoulder
sometimes occurs in sports due to trauma or over-
use. Patients with superior labrum injuries have
vague complaints such as elevation pain, instability,
and a catching sensation in the shoulder.

A definite diagnosis is difficult without using
arthroscopy. Also treatment by arthroscopic
methods is difficult.

We treated a total of nine cases with superior
labrum injuries by arthroscopic methods. Here we
report the clinical results and the degree of the re-
covery of the sports activities.

Materials & Methods

Nine patients who had been diagnosed with
superior labrum injuries were the subjects of this
study. The injuries resulted from following sports :
two cases from baseball, two from skiing, one from
water skiing, one from snow board, one from ice
hockey, one from soccer, and one from sumo-wrest-
ling. Each of them had an episode of trauma. Four
cases occurred by direct blows to the shoulder and
five cases from indirect blows (Table 1). The
average age was 23.8(16-33) years old.

All patients complained of pain on shoulder
elevation, 5 of a sensation of instability and 1 of a
catching sensation. Six patients showed a positive
painful arc sign, 4 patients showed a positive imping-
ement sign, 4 showed a positive Speed test, and 4

Table 1 Type of Injury

1) direct blow 4
o ski
o ice hockey
o sumo-wrestling
o soccer

2) indirectblow 5
o ski
o water ski
° snow board
0 baseball
o baseball

Table 2 Clinical signs

1) Painful arc sign 6 (67%)
2) Impingement sign 4 (44%)
3) Speed test 4 (44%)
4) Apprehension test 4  (44%)
5) Clunk test 1 (11%)

showed positive anterior or inferior apprehension.
One case showed a positive in the Clunk test (Table
2).

We confirmed detachment of the superior labrum
from the glenoid in six of the nine cases (67%) by
pre-operative CT arthrogram. Arthroscopic
debridement was performed in 2 cases, arthroscopic
resection of labrum in 2 cases, arthroscopic stapling
in 1 case, and arthroscopic multiple suture (Caspari’
method) in 4 cases.

Results

According to Snyder’s classification”, 2cases had
type 1 SLAP lesion, 5 had type 2, and 2 had type 3 in
the operation (Table 3), Elevation pain
disappeared completely in 8 cases, the instability
sensation disappeared in 5 cases, and the click
disappeared. Five of the 9 patients were able to
make a complete come back in their previous sports,
3 patients were able to make a partial come back, and
1 patient was not able to make a come back at all.

Case presentation

A-29-year-old male. His chief complaint was
elevation pain of the right shoulder.He had a episode
of a traum that was falling while riding a snow
board and suffering forced abduction forward

Table 3 Arthroscopic findings

o TYPE 1 (fraying)

°© TYPE 2 (detachment)
© TYPE 3 (bucket-handle tear)
© TYPE 4 (degeneration)

o N O N




flection. In the examination of his shoulder, the posi-
tive clinical signs were anterior apprehension, im-
pingement sign, and a painful arc sign. As conserva-
tive treatment was ineffective, so we decided to car-
ry out arthroscopic treatment.

Arthroscopy revealed that the patient was a type
2 SLAP lesion of Snyde’s classification. We repaired
the lesion using Caspari’s suture method (Fig1).
In the pre-operative CT arthrogram, we could see
air interposed between the labrum and the glenoid
rim. And 5 months after the Caspari's suture repair,
air interposed between the labrum and the glenoid
rim was not seen (Fig2).

Discussion

The superior labrum is the attachment of the long

B2 RLEE VOL.14 NO4 432

head of the biceps, which contributes to anterior in-
stability. According to Cooper?® in superior labrum
injuries, torsional rigidity decreases and inferior
glenohumeral strain increases, whice gives rise to
anterior instability. A superior labrum injury is
caused by trauma or overuse of the shoulder from a
movement such as throwing. In trauma, Snyder
emphasizes compression loading of the shoulder in a
flexed and abducted position. Andrews” emphasizes
throwing stress on the anterosuperior labrum at the
cocking phase, and on the posterosuperior labrum at
the follow-through. Grauer” emphasized traction
and active biceps contraction (Fig3).

Snyder called the superior labrum injury, an
SLAP lesion, and classfied it into 4 types : fraying
(type 1), detachment (type2), buckethandle tear
(type 3), and degeneration (type4 ) (Fig4).

Diagnosis of a superior labrum injury is difficult.

post ope

Fig.1 Arthroscopic findings

pre ope
air interpose (arrow)

post ope (5 months)

Fig.2 CT arthrogram
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type 4
type1 type2 buczgthandl Wpo
fraying detachmentlyaar degeneratio

Fig. 4 Classification of Snyder

A CT arthrogram can only be effective before an op-
eration. Arthroscopy is the best method for diagno-
sis. Usually conservative treatment is ineffective,
and surgical treatment with debridement, resection
and repair is necessary. We use the staple and
suture method. Staple fixation is easy and stable but
sometimes causes loosening or impingement on the
humeral head, and now, we basically use Caspari’s
suture technique (Fig5).

Conclusion

Superior labrum injuries sometimes occur in
sports activities. Diagnosis of the lesion is difficult
because of the unclear symptoms. A CT arthrogram
is useful for pre-operative diagnosis of the lesion.

We believe that arthroscopy is the best method
for treating superior labrum injuries in athletes.
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Fig.5 Operation methods
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Arthroscopic Reduction and Pull-out
Suture for Displaced Fractures of the

Intercondylar Eminence of the Tibia

Jin Hwan Ahn
Jong Hoon Cho
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@®Abstract

The purpose of this paper is to demonstrate the effectiveness of the arthroscopic treatment
for the displaced fractures of the intercondylar eminence, and the technique of the
arthroscopic-assisted reduction and the fixation with pull-out suture.

Seven patients underwent the arthroscopic surgery for these displaced fracures and were
followed up from fifteen months to thirty-one months. There were five fresh fractures and
two of the displaced nonunion of fractures resulted in the lack of extension at the involved
knees.

In all of the patients the avulsed fragments were reduced arthroscopically, and fixed by the
arthroscopic-assisted pull-out sutures. At follow up, all but one patient returned to nomal life
activity and preinjury sports activity level without any symptom.

The advantages of arthroscopic-assisted pull-out suture were to obtain the secure fixation
for a small or comminuted avulsed fragment and to promote early rehabiliation. But it is tech-
nically demanding.

Department of Orthopedic Surgery

School of Medicine
Kyung Hee University
Seoul, Korea
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Introduction

Most intercondylar eminence fractures of the tibia
occur as the result of violent knee twisting, hyper-
flexion, hyperextension, or valgus-varus forces
generated during motor vehicle or athletic accidents.

Meyers and McKeever”? classified these fractures
into theree types according to the displacement.

In the type I fracture there is minimum displace-
ment of the avulsed fragment. The type II is a frac-
ture with displacement of the anterior third to half
of the avulsed fragment. Still the posterior portion is
contact with the fracture site. In the type Il frac-
ture, avulsed fragment is completely separated from
it.

The type I fractures are divided into type I A
that the avulsed fragment is merely separated, and
type I B that it is separated and rotated. Zaricznyj
Y added type VI which the fragments are commi-
nuted. Meyer and McKeever® recommended the con-
servative treatment for type 1 and type II frac-
tures, and the open reduction and the internal fixa-
tion for type Il fracture. However the treatment of
Type I has been controversial. Some authors prefer
the conservative treatment®'”.

Others are in favor of the open reduction'”*"- It
has been reported that if the displaced fragment is
not reduced completely, it may block mechanically
knee extension permanently or result in the anterior
instability. The operative arthroscopy provides an
effbctive alternative to arthrotomy in the treatment
of these fractures.

McLennan® reported 35 these factures treated
with the arthroscopic reduction and maintained
either cast immobilization or percutaneous pin fixa-
tion.

Loon® described a case report treated with the
arthroscopic fixation using the interfragmental com-
pression technique.

The techniques of arthroscopic fixation with
pulled-through polyester thread'”’, multisuture” and
Link dynamic staple” have been reported. However
the operative tecnique is not established.

The purpose of this study is to demonstrate the
effectiveness of the arthroscopic reduction and fixa-
tion in the treatment of the displaced fractures of
the intercondylar eminence of the tibia, and to show
the arthroscopic fixation techniques with pull-ott
sutures.
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Materials

Seven patients who had been treated with arthro-
scopic surgery for displaced fractures of intercondy-
lar eminence of the tibia from September 1991 and
January 1993 were reviewed.

One patient was a child and six-were adults. Four
patients were male and three were female. The age
of patients at the time of operation was ranged from
ten to fifty eight years old (mean 34.7 years old).
The right knee was involved in five patients, and
left was in two patients. Five patients had fresh
fractures and two patients had displaced nonunions
for six months in one patient and two years in
another. Nonuions had cocured after the conserva-
tive treatment with plaster cast immobilization for
type A fractures.

The causes of injuries were car accidents in five
patients (the pedestrian injuries were in four pa-
tients, the falling off from a motorcycle in one
patient) , ski injuries were in two patients. On
physical examination, all of the knees with the fresh
fracture had limitation of full extension, hemarthro-
sis and positive Lachman test.

Two patients who had non-union complained of
limitation of full exnension and feeling of instability
at the involved knee joint. Four of the seven patients
had the following associated lesions. Two patients
had the associated injury to medial collateral liga-
ment, one patient had lateral collateral ligament rup-
ture and fibular neck fracture, one patient had frac-
ture of femoral shaft. If severe varus or valgus in-
stability was noted on examination after fixation of
fracture, surgical repair of collateral ligament was
required through separated incision. One of the two
patiens with nonunion had the associated injury of
severe medial collateral ligament to be reconstructed
through separated incision and the other one had a
healed fracture of ipsilateral femoral shaft. The
others patients who had associated mild varus or
valgus instability were conservatively treated for
collater]l ligament injury. Among the five patients
with fresh injuries, three had type I A, two had
type I B.

Treatment

All of the seven fractures were reduced under
arthroscopy. The reduction was maintained by
arthroscopic-assisted poll-out suture.

Surgical Technique :



The 4.0 mm telescope with 30 degrees of angula-
tion was introduced into the knee joint through an
antero-lateral or antero-medial portal. In some
cases, lateral midpatellar approach (Patel) provided
better visual field for intercondylar area than an-
terolateral approach. It was necessary to excise the
ligamentum mucosum and some portion of infra-
patella fat pad in order to improve the arthroscopic
visual field. Blood clots, fibrous tissues and the
small osteochondral fragments were removed. The
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anterior horn of lateral or medial meniscus might be
interposed at the fracture site. It should be retracted
with a probe.

Even though the avulsed fragments were complete-
ly separated from the fracture bed, it might be con-
nected to the soft tissue around the facture site with
a thin bundle of the anterior cruciate ligament. The
fractures might have comminuted fragments which
had not been seenon radiographs. Most of the com-
minuted fragments were not separated from each

Fig. 1 Diagrammatic representation of the arthroscopic-assisted pull-out
suture technique.
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other because they were connected with the anterior
cruiated ligament (Fig. 2-A).

After cleaning the fracture site, an ordinary nee-
dle with silk (No. 2 Vicryl) was put into the joint
through anteromedial portal (Fig. 1-A).

The needle was passed the anteior cruciate liga-
ment over the fragment, passed again the thin bun-
dle of anterior cruciate ligament connecting the frac-
ture fragment and around the soft tissue, then pulled
out through anteromedial portal (Fig. 1-B, Fig. 2-B).

As the same manner, one more suture was placed.
Two sutures were placed at the anterior cruciate
ligament. A 3 cm vertical incision was mede approx-
imately 3 cm distal to the joint line on the anterome-
dial surface of the tibia. Two parallel holes were
drilled obliquely from anteromedial proximal tibia to
the crater of fracture site with the 2.4 mm guide

C

wire using Acufex guide systeme. Each end of the
silk was pulled out through hole using Arthex su-
ture retriever (Fig. 1-C, Fig. 2-C).

McLennan® described that displaced fragments
had been reduced with a probe. However in this
series, the majority of displaced framents could not
be reduced into anatomic position with a probe, be-
cause it was impossible to correct the rotation of
fragment by probing. But the rotation of avulsed
fragment could be easily corrected by handling with
a saall towel clamps inserted through anteromedial
portal instead of a probe. Two sutures were tied at
the anchoring screw and washer inserted at the pro-
ximal tibia (Fig.1-D, Fig. 2-D).

The stability of fixation was arthroscopically ex-
amined with the flexion and the extension of passive
knee motion and probing.

Fig. 2 Arthroscopic finding viewing through the lateral mid-patellar portal during the

arthroscopic -assisted pull-out suture.

A) The avulsed comminuted fragments are completely separated from the fracture bed
and covered with the bundle of the anterior cruciate ligament.

B) An ordinary needle with No. 2 Vicryl is put into joint through the antero-medial portal
and passing the anterior cruciate ligament over the fragment.

C) The end of silk is pulling out through the tibial hole with suture retriever.

D) The fracture is perfectly redued into the anatomic position and firmly fixed with the

pull-out sutures.
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When the displaced fragment is connected with
around the soft tissue by some bundle of the anter-
ior cruciate ligament, two transverse pull-out su-
tures were enough to fix the fracture securely.

However when the avulsed fragments were commi-
nuted or had not intact some bundle between the
fragment and the soft tissues around the fracure,
transverse pull-out sutures might result in the frag-
ment tilted anteriorly or posteriorly. In this cir-
cumstance, three paralled drill holes should be
placed each other 120 degrees angle around the
frachure bed and three sutures passed the anterior
cruciate ligament over the fragment should be placed
opposite to drill holes (Fig. 3). Three sutures
placed aroud the fracture fragment were enough to
prevent the tilt of the fragment.

It should be emphasized that varus-valgus stress
test should be performed before and after arthrosco-
pic fixation of fragment. If a severe medial or lateral
ligamentous injury was noted on examination after
fixation of the displaced svlused fragment, it should
be repaired through the separated incision.

Postoperative Care

After the arthroscopic reduction and fixation, the

Fig. 3 : Diagrammatic representation of arthro-
scopic-assisted fixation with three pull-
out sutures pased through three parallel
tibial drill holes.
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knee was immobilized with long leg cast for 1 or 3
weeks depending on the stablility of the fragment.
Then limited motion brace was applied and knee mo-
tion was gradually increased.

Results

No patient needed analgesics to relieve postopera-
tive pain. The average of duration of hospitalization
was five days.

The follw-up period ranged from fifteen months to
thity-one months with the mean of twenty months.
All of seven fractures were radiogically united at
the follow-up study. The average union time includ-
ing non-union was twelve weeks. No patients had
anterior instability tested with the clinical examina-
tion and K-T 1000 arthrometer except one patient
who had asymptomatic plus 1 Lachmant test and 4
mm side-to-side difference.

All of the patients but one returned to normal life
activity and preinjury sports activity level without
any symptom. The only one patient who was a
45-year-old woman had the the limitation of knee
motion and showed patella baja on radiographs
which seemed to be resulted from exessive excision
of the infrapatellar fat to improve arthroscopic
visual field. She was needed to perform arthroscopic
adhesiolysis and manipulation to increase range of
knee motion four months after the initial operation.
Her knee motion increased to 125 degrees flexion af-
ter manipulation. She was only one patient who had
limitation of sports activity.

Discussion

For the treatment of displaced fractures of inter-
condylar eminence of the tibia, arthroscopic surgery
provides a new mode of treatment?.

However a few repots about athroscopic treatment
for these fractures were published in English litera-
tures***'” . Arthroscopic surgical technique is quite
complicated. It is very important to master arthros-
copic skill for successful result in the treatment of
these fractures.

If the arthroscopic field of the view is poor to see
the fracture site through standard anterior
approaches, the better field of the view could be
obtained through lateral mid-patellar approach.

McLennan (1982) ¥ reported that reduction was
considered satisfactory if three was less than two
millimeters of offset. But the avulsed fragments can
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be arthroscopically reduced into a perfect anatomic
position by handling with towel clamps instead of
probing

Arthroscopic percutaneous pinning had the advan-
tage to fix fragment easily. The disadvantage is that
it is difficult to fix a small or comminuted avulsed
fragments.

Arthroscopic fixtion with screw using AO/ASIF
principe of interfragment compression” had the
advatages of rigid fixation and early mobilization.
But it can not fix a small fragment firmly.

On the other hand the advantage and disadvantage
of arthroscopic -assisted pull-out suture are vice
verse with those of percutaneous pin fixation. Espe-
cially arthroscopic suture with a needle is technical-
ly demanding. An easier arthroscopic suture techni-
que is that a 18 gauge spinal needlle is inserted into
the knee joint percutaneously and passed the anter-
ior cruciate ligament just above the fragment, then
#1 PDS is introduced into the hole of spinal needle
to suture the anterior cruciate ligament. Berg” re-
ported the cases of failure after arthroscopic multis-
uture for the treatment of these comminuted frac-
tures. In the study, it has been found that the
arthroscopic-assisted transverse pull-out suture
passed through two parallel tibial holes is very
effective to fix a fragment with some bundle connect-
ing the soft tissue around the fracture site. But it
may result in tilting of fragment anteriorly or post-
erorly in the comminuted or completely separated
svulsed these fractures. For that situation, three su-
tures passed three parallel tibial holes around the
crater of fracture site are required to fix the frac-
tures securely (Fig. 3).

It has been reported that in children drilling
across the tibial physis does not cause any growth
dishurbance” . In this series authors were care ful
not to damage the tibial physis in children.

The fracture of intercondylar eminence of the
tibia in adult with the ligamentous injury usually
has an unsatisfactoy results®. In this series, three
patients had associated collateral ligament lesions.
One of the two medial collateral ligament ruptures
required the surgical treatment through the sepa-
rated incision. But others associated with varus and
valgus instability were treated by conservative
method because the instability was signifcantly de-
creased after the fixation of fracture.

Baxter and Wiley (1988)" have reported that
although no patient complained of any subjective
feeling of knee instability, 51% of patients had a
positive anterior drawer test. However in'thie series,
only one patient had 1+ positive Lachman test on
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examination at follow up, even though the patient
was asymptomatic. And no patient had more than 10
degrees of loss of extension, because the fractures
were perfectly reduced into the anatomic position
arthroscopically and the krees were immobilize the
knee in extension for as short period as possible.

In the tretment of fracture of the intercondylar
eminence of the tibia, arthroscopic surgery provides
anatomic reduction and rigid fixation, assesses
possible associated lesion accurately, promotes early
rehabilitation and minimizes morbidity.

Conclusion

Arthroscopic reduction and pull-ont sture are an
effective treatment for displaced fracture of the in-
tercondylar eminence of the tibia.

Athroscopic-assisted pull-out suture poovides a
secure fixation for small or comminuted avulsed
fragments, promotes early rehabilitation and mini-
mize morbidity.
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Osteochondral Fracture of the Talar Dome

Evaluation of Clinical Features and Results of Arthroscopic Treatment
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@®Abstract

We reviewed osteochondral fracture and/or osteochondritis dissecans of the talar dome of
15 ankles in 15 patients who underwent surgical treatment at Seoul National University Hos-
pital from Jan. 1987 to Dec. 1992. Twelve were males and 3 were females. The mean age at the
operation was 26 years (range, 17-44 years). The mean follow up period was 20 months
(range, 12-54 months). All the 15 patients had history of conservative treatment including
physical therapy and medication under the diagnosis of ankle sprain, and the mean period of
conservative treatment was 10.4 week (range, 4-16 weeks). Twelve of 15 patients (80%)
had definite history of trauma ; 8 of 11 medial lesions (73%) and 4 of 4 lateral lesions
(100%).

We could almost confirm the osteochondral fracture with simple X-ray. Bone scan was per-
formed in 6 ankles, and CT or MRI, in 10 ankles. The location of the lesion was on medial
aspect of the talus in 11 ankles and lateral, in 4 ankles.

Arthroscopic excision, curettage, and/or drilling were performed in 11 ankles, while arthro-
tomy was performed for the remaining 4 patients. At the latest follow up, 10 of 11 ankles tre-
ated with arthroscopic procedure had excellent or good results and 1, fair. In contrast, 4
opened ankles had 1 excellent, 2 fair and 1 poor results which needed second operation for
loose body removal. Postoperatively ankle of arthroscopic procedure had only transient pares-
thesia and there was no serious complication. Ankle arthroscopy showed definite role in di-
agnosis and treatment of osteochondral fracture. The duration of hospitalization was short
and postoperative rehabilitation was rapid. The clinical results were satisfactory.

As we supposed that the principal etiology of osteochondral fracture of the talus would be
trauma, possibilities of osteochondral fracture should be considered in every sprained ankle.
In our series, the surgical treatment of osteochondral fracture, even in the chronic lesions,
yielded good results.
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I Introduction

The naming of the transchondral fracture of the
talar dome has been controversial upto mainly due
to lack of universal acceptance on the common etiol-
ogy. Basically same lesions have been referred as
many nomenclatures, including osteochondritis dis-
secans, or one of the names those describe the frac-
ture pattern : transchondral fracture, osteochondral
fracture, dome fracture of talus, flake fracture, or
chip fracture of the talus.

Historically many authors who used the term
“osteochndritis dissecans” have believed that the le-
sion of the talus is histologically spontaneous necro-
sis of subcortical bone deprived of vascular supply”
. They suggested constitutional, humoral and heredi-
tory ones as the possible factors of the lesion. In
contrast, the others including Berndt and Harty,
proposed trauma is the most important factor.
Berndt and Harty” established the concept of the
trauma as the principal etiologic factor of osteochon-
dritis dissecans. They reproduced the lesions in
cadevaric experiment those found in the ankles
underwent external violence. The treatment of
osteochondral fracture of the talus has encompessed
the two streams, conservative and operative. Many
reports has shown better results with the operative
modalities even in the chronic cases**'' Recently
arthroscopic surgery has been used more and more
with shorter hospital stay and less complications.

The purpose of this report is to review our ex-
perience with osteochondral fracture of the talar
dome in 15 ankles of 15 patients who underwent
surgical treatment at Seoul National University Hos-
pital from Jan. 1987 to Dec. 1992.

I Materials & Methods

Fifteen ankles of 15 patients with osteochondral
fractures of the talar dome were diagnosed and tre-
ated at Seoul National University Hospital from Jan.
1987 to Dec. 1992. The initial diagnosis was
osteochondritis dissecans or osteochondral fracture
of the talar dome. The 15 patients included 12 males
and 3 females, and right ankles in 11 and left in 4.
The age of patient ranged from 17 to 44 years
(average, 26 years). Fllow-up period ranged form
1 year to 4 year 6 months (average, 1 year and 8
months) .

Before visit on our hospital, all of the 15 patients
had been diagnosed as ankle sprain and treated with
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conservative methods, including rest, physical ther-
apy, NSAIDs and cast immobilization. The duration
of conservative treatment was ranged from 4 weeks
to 16 (average, 10.4 weeks).

All of the patients complained pain. Other clinical
findings included tenderness, swelling, click, limita-
tion of motion and lateral instability.

The diagnosis was made with only simple X-ray
in 5 ankles (Fig. 1) and in the 10 ankles, more
sophiscated studies, including scintigram and CT or
MRI (Fig. 2, 3) were used for accurate diagnosis
and evaluation of the location and stability of the le-
sions. The lesions were classified according to the
stages described by Berndt & Harty (Table 1).
There were 11 medial lesions and 4 lateral lesions.
History of trauma was identified in the 12 ankles
(80%) ; 8 of 11 medial lesions (73%), and 4 of 4
lateral lesions (100%). The mechanisms of injury
included inversion, planar flexion and eversion. In 5
ankles there was no specific injury mechanism iden-
tified. Eversion force was found in 1 medial lesion
and the inversion force in 4 medial and 2 lateral le-
sions (Table 2).

The mean time lapsed from the onset of symptoms
to surgical treatment was 3 year 3 months (range, 3

Figure 1 Simple X-ray showed osteochondral
fragment on the talar dome without
displacemet.
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Table 1 Stage (Berndt & Harty classification)

stage 1 stage II/111 stage IV total
Medial 0 1 11
Lateral 0 2 4
Total 0 3 15

Table 2 Injury mechanism

INV INV+PF EV

Unknown Total

Medial 1 3 1 3 8
Lateral 2 0 0 2 4
Total 3 3 1 5 12

(INV = inversion, PF = plantar flexion, EV = eversion)

months-3 years 3 months). Surgical treatment was
performed by open arthrotomy 4 ankles before Sep.
1988. After Oct. 1988, arthroscopic surgery had been
done in 11 ankles. In the lesions of grade II or II,
surgical procedures consisted of excision of frag-
ment, curettage and abrasion of subchondral bed, re-
sulting fresh bleeding from the bed. In grade IV le-
sions, loose body removal was followed by curettage
and abrasion.

Figure 2 CT shwoed crater on the talus
with osteochondral fragment.

In 4 cases of open arthrotomy, 2 medial lesions
needed transmalleolar approach to obtain sufficient
visual field, and in 1 medial and 1 lateral lesion,
posteromedial or anterolateral approach was used
respectively. Full weight bearing was not allowed
until 3 month postoperatively. In doing arthroscopic
surgery, anterolateral, anterolateral and anterocen-
tral portals were used. Temporal pin through cal-
caneus was needed for ditraction of tight joint space

Figure3 MRI in T1 weighted image showed
osteochondral fracture in posterior
aspect of talus without displacement.
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Table 3 Assessment System

Subjective assessment

Excellent completely symptom free
Good : occational pain on prolonged weight - bearing
Poor . no changes or more symptomatic

Objective assessment

Excellent negative physical and radiological finding
Good . nontender swelling with normal radiograph

Fair : negative clinical signs with abnorml radiograph
Poor . painful motion and tenderness

Overall assessment

Excellent excellent subjectively and objectively
Good . one excellent the other good or both good
Fair : good subjectively and fair objectively
Poor . poor subjectively and/or objectively
(modified Parisien JS, CORR, 1985)
Table 4 Follow Up Results (Overall assessment)
Arthrotomy Arthroscopy Total
Excellent 1 6 7
Good 2 4 6
Fair 0 1 1
Poor 1 0 1
Total 11 15
Table 5 Operation Time & Hospitalization
Arthrotomy Arthroscopy
Op. time 125 - 140 min 50 - 70 min
(mean) ( 130 min ) ( 59 min )
Hospitalization 7 - 8 days 4 -5 days
(mean) ( 8 days ) ( 4.4 days )
in all cases. Postoperatively partial weight bearing
with crutch was allowed from the third day and full II Results

weight bearing was allowed as soon as possible if
patient tolerated. The postoperative results were
assessed both subjectively and objectively according
to our modification of the criteria made by Parisien,
and the sum of both subjective and objevtive results
were classified to excellent, good, fair and poor
(Table 3, 4).
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The mean time of operation in the cases of arthro-
tomy and arthroscopic procedures were 130 minutes
(range, 125-140 min.) and 59 minutes (range,
50-70 min.) respectively (Table 5). The mean
duraion of hospital stay was 8 days (range, 6-9
days) in the cases of open arhrotomy and 4.4 days
(range, 3-5 days) in arthroscopic surgery. In the 4
cases of open arthrotomy, excellent results were
obtained in 1 ankle and good results, in 2 ankles
(Table 4). One ankle of open arthrotomy needed



second operation due to persistent symptoms and
assessed as poor. In arthroscopic cases, excellent re-
sult was obtained in 6 of 11 ankles (54%), good in
4 (37%) and fair in 1 (9 %). There was no poor
result. Only transient numbness on dorsum of the
foot was found in 1 ankle after arthroscopic proce-
dure and the symptom disappeared within 6 months.
There was no persisent serious complication found
in the follow up.

IV Discussion

The osteochondral lesions of the talar dome has
been reported by many authors with various
nomenclture, as osteochondritis dissecans, trans-
chondral fracture, osteochondral fracture, flake frac-
ture and fracture of talar dome'****7*"% [t must
be because of lack of universial acceptance on the
etiology of the lesion. The descriptions using
osteochondritis dissecans usually implies avascular
necrosis as the primary etiology and trauma, humor-
al, constitutional and heraditory factors contribute
to the lesion. In contrast, the most authors described
the lesion as fracture, insisted that the trauma is the
major factor of the lesion'***"'"'  Historically,
Monro in 1856, reported the osteochondral loose
body in the ankle, and he assessed the lesion from
trauma but not classified it as fracture. Koenig, in
1888, is recognized as being the first to use the term
osteochondritis dissecans to describe the pathologic-
al process of loosed bodies in the knee joint. He
theorized without substantiation, that loose bodies
were the result of “spontaneous necrosis” secon-
dary to occlusion of small end arteries suppling the
area. Kappis, in 1992, reported similar lesions in
ankle. The concept that such lesions could represent
traumatic intra-articular fracture was first adv-
anced by Rendu in 1932, and Fairbanks regarded
trauma as the cause of the subchondral bone with a
resultant avascular necrosis. In 1959, Berndt &
Harty® established the concept of trauma as the
principal etiologic factor of osteochondritis dis-
secans. They described the lesion as transchondral
fracture, by anlysis of previous reports and their
cases. They represented in the cadevaric study the
both medial and lateral lesions according to the
mechanical forces. They assessed the lesion as frac-
ture of articular surface of a bone, produced by
force transmitted from articular surface of the con-
tiguous bone, through articular cartilage to subchon-
dral bone, results in compression of trabeculare and
avulsion of osteochondral flake. It might be caused

B2 KEE VOL.14 NO.4 445

by tribial traumas and the symptomes exaggerated
by more painful soft tissue injury. But in the pa-
tients with multiple involvement of joints other than
ankle, and cases with familial or hereditory involve-
ment the lesion can not be explained only with
trauma as the prime etiology. Kelikian in 1985, and
Chen, in 1992°, classified the osteochondral lesions
into two categories of subchondral fracture by
traumatic origin and ostechondritis with possible
factors of constitutional, humoral, vasculr and
hereditory factors. As in the review of the previous
reports, the larger stream about debates on the etiol-
ogy of the osteochondral lesions of the talus is
trauma as the prime factor for the lesion, and in
addition the only representation was possible in the
Berndt & Harty's experiment. The results were
trauma could provoke the both medial and lateral le-
sions with tightening of the joint space by inversion
and the resultant lesions were same as those re-
ported by others. In addition, other than major trau-
mas those easily recalled by the patient, minor or
tribial traumas could possibly exsist or neglected by
both patient and physician. In our cases, 12 of 15
ankles (80%) were associated with trauma, espe-
cially all of the 4 lateral lesions. There was no fami-
lial involvement in all the patients and no joints
other than ankle were involved. So, we could suggest
the trauma as the major factor for both medial and
lateral lesions in the talus. The symptoms of the
osteochondral fracture are various according to the
cases. The mis-diagnosis was made as sprain of the
ankle in many cases and patients were treated under
the impression of sprain. Russel, in 1955, reported
separation of the cortical bone in 6.75% in his 133
patients with ankle sprain. Anderson, in 1954, re-
ported 6 cases of comcomitant osteochondral frac-
tures among 27 sprains. In our cases all of the pa-
tients were diagnosed initially as sprain. In addition
many reports have proved even minor traumas, if
repeated, could progress the lesion upto higher
stages and exaggerate the symptom*”'"'¥ . We
thought, in all of the sprains with chronic process
without improvement of the symptom, the possibility
of combined osteochondral fracture should be sus-
pected, and earlier and more sophiscated dignostic
modalities should be tried for accurate diagnosis and
earlier treatment.

In many cases the simple radiologic studies can
not confirmed the osteochondral lesion especially in
the stage I . The scintigram can be useful in the
assessment of presence of the lesion and many au-
thors have recommended tomogram or MRI for
accurte diagnosis and staging'**'" . Nelson & De-
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paola, in 1990"”, recommended MRI in differentiation
between the stage II and I lesions by signals from
the synovial fluid in spaces between the osteochon-
dral fragment and base.

In the treatment of osteochondral fracture of talar
dome, conservative and operative modalities have
been adopted. Conservative treatment includes rest,
physical therapy, support stocking, bandage, elstic
strap, cast. Flick & Gould” reported poor results in
75% with conservative treatment, and Berndt &
Harty analyzed results prior to 1958. They reported
poor results in 74% with conservative treatment
and fair in 9% and only good results were obtained
in 17%. Furthermore, good results could be obtained
with 4 months of immobilization. Davidson reported
in 14 cases of his, 71% was assessed as poor with
conservative treatment. The immobilization period
needed to obtain improvement of symptoms were 16
weeks from Berndt & Harty's report and 4 to 8
weeks from Davidson's, 18 weeks from Candale &
Belding’s” . In contrast, with surgical intervention,
Flick & Gould could achieve 79% of excellent to
good results, without poor result. Berndt & Harty”
reported that in the 56 ankles underwent surgical
intervention, 79% of patients showed excellent or
good result. We assessed the results of conservative
treatment prior to surgery as poor due to persistent
symptoms ; pain, swelling on walking or tenderness.
In the 4 ankles underwent open arthrotomic surgery,
excellent or good results according to modified Pari-
sien’s criteria were obtained in 75% of cases, and in
arthroscopic surgery excellent result was obtained 6
of 11 ankles (54%), and good in 4 (37%) and
fair was 1 (9 %) with no poor result. Only one
ankle undwerwent arthrotomy was assessed as poor
due to persistent pain.

In comparison between the two procedures, open
arthrotomy needed longer operation time and hospit-
al stay. Furthermore even partial weight bearing
was not allowed until 3 to 6 weeks. In contrast,
arthroscopic procedures could allow the operation
within one tourniquet time (usually 90 minutes) in
all cases and earlier discharge and less immobiliza-
tion. Even if the difficulties of arthroscopy in ankle
should be overcome, the arthroscopic surgery in
ankle must produce prior result to open arthrotomy
and the arthroscopic surgery will play a definite
role in both diagnosis and treatment.
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Baseball Player’s Elbow in Adolescents
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@®Abstract

We surveyed the 114 baseball players of junior high & high school in Taegu in order to ev-
aluate the prevalance of symptoms and radiographic findings of the elbow and correlation of
these findings to career & position of the baseball game.

The results were as follows.

1. Of 114 players, 83 were non-pitchers and 31 were pitchers. The mean career was 3.8

years (7 months to 6 years).

2. The 77 players (67.7%) had the pain on their elbow during or after daily exercise.
Other clinical symptoms were locking (30.7%), limitation of motion (18.4%),
swelling (16.6%) and clicks on motion (10.5%).

3. On the radiogram of the elbow, hypertrophy or separation of medial epicondyle were
seen in 34% of players, loose body in 17%, hypertrophy of the humerus in 12% and
cystic change of the capitellum in 11%.

4. The mean career of symptomatic players was 4.4 years but the non-symptomatics was
2.7 years. The mean career of players who had abnormal radiographic finindings was
5.1 years but 3.1 years in players who had no abnormal radiographic fingings.

5. The symptoms and radiographic changes were more common in the elbow of pitchers,
group due to throwing frequency & pitching type.

6. Among the 77 players who had any kinds of problem of the elbow, 49 players had no
experience of visiting hospitals.

7. To prevent these injuries of the elbow, the following recommendations were made : ris-
trict the number of innings pitched per game, abolish the curve ball throwing in this
age group, ensue an adequate warm up period before exercise or games and inform the
parents and coaches of possible harmful nature of excessive throwing.

The elbow is the most frequent area of complaint in children and adolescent baseball play-
ers. The physical stresses associated with repetitive throwing create extra-ordinary forces,
which may affect the normal osteochondral and soft tissue developmental process and are the
important factors causing the decrease of competitive power and shortening of life as a base-
ball player in adolescents.

We surveyed the 114 baseball players of junior high & high school in Taegu City in order
to evaluate the prevalence of symptoms and radiographic findigs of the elbow and correlations
of these findings to career and position of the baseball.

Joo-Chul Thn
Department of Orthopedic Surgery, College of Medicine,
Kyungpook National University, Daegu, Korea
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Materials and Methods

We had the history taking, physical examination
and radiographic study for 83 non-pitchers and 31
pitchers of the baseball players in adolescents be-
tween May 1994 and August 1994.

The age distribution were from 12 to 17 mean
14.4 years (Table 1 ). The careers as a baseball
player were 7 months to 6 years, mean 3.8 years
(Table 2 ). The throwing styles were 104 cases
(91.2%) in overhand, the most common style, 4
cases in theree-quarters and 6 cases in under-throw
(Table 3 ). The frequencies of throwing were 150
times a day in pitchers group, 100 times a day in
non-pitchers group. The ratio of the pitching type in
pitchers was 70% in hard, fast ball, and 30% in
breaking ball (curve ball).

Table 1. Age Distribution

Age (yrs.) No. of Cases (%)
" 8( 4.0%)
12 8( 4.0%)
13 14(12.3%)
14 24(21.1%)
15 18(15.8%)
16 24(21.1%)
17 18(15.8%)
Total 114(100.0%)

Table 2. Careers in Baseball

Results

1. Clinical findings

The 77 players (67.5%) had the pain on their
elbow during and after daily exercise and other cli-
nical symptoms were locking (35 cases), limitation
of motion (21 cases), swelling (19 cases) and click
on motion (12 cases) (Table4, 5).

The elbow flexion contracture existed in 21 cases
(15.4%). In the pitchers group 9 cases were under
10°, 3 cases over 10°, and the non-pitchers group, 6
cases were under 10°, 3 cases over 10°. Therefore the
elbow flexion contracture was more common in the
pitchers group (Table6 ).

We compared the bilateral elbows and checked the
carrying angle. The nine cases had the differences in
the carrying angle and the differences were under
10° (Table 7).

2. Radiographic findings

We checked the radiogram of the bilateral elbows
in antero-posterior and lateral view. The hyper-
trophies or separation of medial epicondyle were
seen in 17 cases (55%) in the pitchers group, 22
cases (26%) in the non-pitchers group. The loose
bodies were seen in 8 cases (26%) in the pitchers,
11 cases (13%) in the non-pitchers. The cystic
changes of capitellum were seen in 6 cases (20%)
in the pitchers group. 7 cases (8.4%) in the
non-pitchers group. The hypertrophies of humerus
were seen in 9 cases in the pitchers group, 5 cases in
the non-pitchers group. The fragmentation of olecra-
non tip were in seen 12 cases, the overgrowth of ra-
dial head were seen in 12 cases, the premature
epiphyseal fusions were seen in 6 cases and the cal-

Years No. of Cases (%) cifications on ulnar collateral ligment in 5 cases.
Under 1 17(15.0%) Therefore these radiographic findings were more
1~3 43(37.8%) common and prominent in the pitchers group (Table
3~5 39(34.2%) 8 Fig.1,2,3,4).
Over5 15(13.1%) 3. Relations of symptoms and age & career
Total 114(100.0%) The mean age whose had the symptoms was 14.2
years and mean careers who had the sympotms were
Table 3. Throwing Style
Pitchers Non-pitchers
Style Group (%) Group (%) Total (%)
Overhand 21(67.7%) 83(100.0%) 104(91.2%)
Three-quarter 4(13.0%) 0 4( 3.5%)
Under-throw 6(19.3%) 0 6( 5.3%)
Total 31 83 114
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Table 4. Clinical Symptoms 3.8 years in the pitchers group, and mean age 15.1
Glinical Bymptoms No. (%) years & mean career 4.8 years in the ngn—pltchers
group. The pitchers group have complained of the
Pain 77 67.5% symptom in the younger age & career than the
Locking 35 30.7% non-pitchers group. And the mean careers of the
Limitation of Motion 21 18.4% players with symptom was 4.4 years, without symp-
Swelling 19 16.6% toms 2.7 years (Table9).
Clicks on Motion 1210.5% 4. Relations of abnormal radiographic findings and
Table 5. Pain on Elbow
Pitchers Non-pitchers
Pain Group (%) Group (%) Total (%)
Absent 4(12.9%) 33(39.7%) 37(32.5%)
Present 27(87.1%) 50(60.3%) 77(67.5%)
Total 3 83 114
Table 6. Flexion Contracture
Flexion
Pitchers Non-pitchers
C&n:g:i:t:;e Group (%) Group (%) Total (%)
Absent 19(61.3%) 74(89.2%) 93(81.6%)
<10 9(29.0%) 6(7.2%) 15(13.1%)
>10 3(9.7%) 3( 3.6%) 6( 5.3%)
Total 31 83 114
Table 7. Cubitus Valgus Deformity
Difference in Pitchers Non-pitchers
Carrying Angle Group (%) Group (%) Total (%)
Absent 28(90.3%) 77(92.8%) 105(93.0%)
Present 3(9.7%) 6(7.2%) 9( 7.0%)
Total 31 83 114
Table 8. Radiographic Findings
Pitchers Non-pitchers
Findings Group (%) Group (%) Total (%)
Hypertrophy or
separation of 17(55%) 22(26%) 39(34%)
medial epicondyle
Loose body 8(26%) 11(13%) 19(17%)
Cystic change of
b 6(20%) 7(8.4%) 13(11%)
Hypertrophy
A § o 9(29%) 5( 6%) 14(12%)
Radial head
overgrowth 7(23%) 5(6%) 12(11%)
Olecranon tip
fragmentation 5(16%) 7( 8%) 12(11%)
Premature
epiphyseal fusion 3(9%) 3(3.6%) 6( 5%)
Calcification
on UCL 3(9%) 2(2.4%) 5(4.4%)
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Fig.1. The hypertrophy and mild separation of the medial
epicondyle is seen.

Fig.2. The hypertrophy and separation of the medial
epicondyle, cystic change of the capitellum and
overgrowth of the radial head.
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Table 9. Relations of Symptoms and Age & Career

Pain Pitchers Non-pitchers
No. 27 50
Present mean age (yrs.) 14.2 15.1
mean career (yrs.) 3.8 4.8
No. 4 33
Absent mean age (yrs.) 13.2 14.1
mean career (yrs.) 1.8 2.9

Fig. 3. The osteochondritis dissecans and loose body.

Fig. 4. The avuled fragment of the olecranon.
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Table 10. Relations of Abnormal Radiographic
Findings and Age & Career

finding Pitchers Non-pitchers
No. 19 39
Present mean age (yrs.) 14.9 15.5
mean career (yrs.) 4.7 5.1
No. 12 44
Abscent mean age (yrs.) 12.6 13.9
mean career (yrs.) 2.2 3.1

Table 11. Treatment of Symptomatic Players

o hlichers)  Nompliohers  Totai(%)
No 20( 74%) 29(58%) 49(63.6%)
Ve Consscuive  SBSEl MR BRI
Total 27 50 77

age & career

In the pitchers group the mean age whose had the
abnormal radiographic findings was 14.9 years, the
mean career was 4.7 years, and in the non-pitchers
group 15.5 years, 5.2 years respectively. We
observed these abnormal radiographic findings
appeared in the younger age & career in the pitchers
group than the non-pitchers group. The mean career
who had the abnormal radiographic findings was 5.1
years, but with normal radiographic finding 3.1
years (Table 10).
5. Treatment of symptomatic players

Among 77 players who had any kinds of the elbow
symptoms, 49 players had not visited the hospital,
and only 28 players (36.4 %) visited the hospital and
had conservative & surgical treatments (Table 11).

Discussion

The elbow is the most frequent area of complaint
in children and adolescent baseball players. The
physical stresses associated with repetitive throwing
create extra-ordinary forces, e.g. compression, shear
and distraction, on the medial, lateral, anterior and
posterior aspects of the elbow joint which may re-
sult in variations of the normal osteochondral
developmental process'® . The ossification centers
around the elbow appear at the capitellum at about 2
years and total 6 ossification centers appear and

74

these centers are fused at from 16 to 18 years, re-
spectively. Therefore elbow injuries in growing
adolescents could cause the permanent deformity of
the elbow due to eiphyseal plate injuries.

The throwing motion is divided into four general
phases of motion : initial stance, wind-up, forward
motion of arm and follow-through. Most of the in-
juries occur in 3rd or 4th phase”, Tullos and King”
have divided the throwing motion into cocking
phase, acceleration phase and follow-through phase
for an average overband fast ball. In the cocking
phase and early of the acceleration which the hand
and forearm grasping ball is located behing the arm,
then the ball is taken off. The rapid pronation of the
forearm and extension occurs through the early
phase of follow-through. Slocum' classified the
throwing injuries of the elbow into medial tension
overload, lateral compression injury and extension
overload. These excessive forces to the elbow joint
in each phases cause the various lesions"*®** ™!
These various injuries resulted in the more serious
elbow deformities in the growing pitchers in adoles-
cents throwing the hard, fast ball and breaking ball.
The elbow injuries of the baseball players in
adolescence have the clinical symptoms of pain, lock-
ing, limitation of motion, swelling and click on mo-
tion.

Larson et al” reported in the adiescent baseball
pitchers the pain of elbow joint was 20 %, the flexion
contracture of elbow was 10% and the cubitus val-



gus was 3% . And Gugenheim et al” reported the
pain of elbow joint was 17%, the flexion contracture
of elbow was 10% and the cubitus valgus was 37%.
We observed in the pitchers group the pain of elbow
joint was 87.1% , the flexion contracture of elbow
was 38.7% and the cubitus valgus was 9.7%, and in
the non-pitchers group the pain of elbow was
60.3%, the flexion contracture of elbow was 10.8%
and the cubitus valgus was 7.2%.

The radiographic changes are hypertrophy
separation and fragmentation of the medial epicon-
dyle of the humerus, loose body, osteochardritis dis-
secans” * * ' We observed that hypertrophy and
separation of medial epicondyle which was most
common changes were 39 cases (34%) and others
were loose body (17%), cystic change of
capitellum (11%), hypertrophy of humerus (12%),
radial head overgrowth (11%), fragmentation of
olecranon tip (11%), premature epiphyseal fusion
(5 %) and calcification on ulnar collateral ligment
(4.4%). And these lesions were more common in
the pitchers group than the non-pitchers group.

The clinical symptoms and abnormal radiographic
findings were significantly different according to the
age, the career and the positions of the players. In
the pitchers group the elbow pain was complained at
14.2 years of the mean age. 3.8 years in the mean
career and in the non-pitchers group the mean age
was 15.1 years, the mean career 4.8 years.

About the abnormal radiographic findings, in the
pitchers group mean age was 14.9 years, mean
career was 4.9 years, and in the non-pitchers group
mean age was 15.5 years, mean career 5.2 years. We
observed that these abnormal findings appeared in
the younger age and careet than the normal symp-
toms and radiographic findings. We think that the
reason for the more common finding in pitchers
group are repetitive stress and intense forces due to
the more frequent pitching of the hard, fast ball and
breaking ball. The catchers throw as many balls as
pitchers in the game, but they didn’t show no signifi-
cant difference compared with the other players of
non-pitchers’ group because of less throwing of
hard, fast balls and breaking balls.

The treatment is various. In the absence of the
loose body conservative treatments e. g. restriction
of throwing, hot pack and anti-inflammatory drugs
are indicated and in the presence of the loose body
removal of loose body is indicated"® ' . The curet-
tage, trimming and multiple drilling of the crater can
be indicated "'*",

Among the 77 players who had any kinds of prob-
lems of the elbow, 49 players had no experience of
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visiting hospitals. We think that the reasons for less
visit to the hospitals are due to the problem of the
course in life of the baseball players in our country.
That is, especially in the pitchers group the over-
strained elbow resulted from the unrestricted pitch-
ing and breaking ball in practice and game will a
bad effect to their course of baseboll life. The va-
rious social factors cause the lack of ability as the
baseball player and the lack of ability as a ordinary
social man performing daily life are considered as a
major factor for not visiting the hospitals. The
elbow lesions of the baseball players in adolesscence
should not be considered as a mild injury like an
adult and careful examination and treatment should
be considered and coaches and parents should be in-
formed. We think that the prevention is more impor-
tant than the treatment in these injuries of the base-
ball playears in adolescence.

Therefore we have made the following recommen-
dation to prevent these injuries of the elbow : ensue
an adequate warm-up period before exercise or
games, restric the number of innings pitched per
game, abolish breaking ball throwing in this age
group, adequate rest after throwing, inform parents
and coaches of the possible harmful nature of exces-
sive throwing and prepare the various social factors
for the long life as a player.
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Measurement of the 3-dimentsional Momentum of
the Knee Joint Using the New Electrogoniometer
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@Abstract

The movements of the knee joint are very intimatery influenced by the movement of other
joints of the leg. The functional interpretations of the movement of the knee joint are very im-
portant, recognized as practical problems, and there are a lot of difficulties in measuring the
movements of the knee joint accurately, especially when there is instability of the knee joint.
Many researches have been made to measure the 3-dimensional movements of the knee joint
quantitatively and high speed stereo photographic method, video camera method. method using
the accelerator, electro-optical method and methods using the exoskeletal link system are in-
troduced so far. However, these methods are so complicated and have shortcomings that there
is no way to correct the errors. So we performed this research to develop a new electrogonio-
meter which is easy to correct the errors and simple in deisgn. The new instrument used in
this research is composed of two universal joints and a pin joint between them, and 6 electro-
goniometers are applied to measure the relative 3-dimensional positions of the moving tibia
compared with fixed femur. The results were as follows.

The amount of knee motion on flexion/extension plane were ranged from the minimum of
39.89° to maximum of 80.04° and the mean value was 55.37°. The amount of rotation were
ranged from 9.21° to 18.09° mean value was 13.22°. The amount of knee motion on
adduction/abduction were from 7.84° to 15.91°, mean value was 11.55°

Joo-Chul Thn

Department of Orthopedic Surgery, College of Medicine.

Kyungpook National University, Daegu. Korea
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Introduction

Movements of knee joints are greatly influenced
by the relative movements of other joints in the legs.
The functional interpretations of such movements
are being recognized as very important and practical
problems especially in cases where there are diffi-
culties in measuring these movements in the pre-
sence of unstable knee joints. In the past, numerous
researches were carried out in an attempt to quanti-
tatively measure the 3-dimensional movements of
the knee joints during a normal walk. Presently,
high speed photographic method, methods of using
video cameras and accelerators, electro-optical tech-
niques, and methods using exoskeletal link device
are known although these methods have their
strengths and weaknesses, the methods using the ex-
oskeletal link device, which has its advangtages in
the attachment of the device, price and transmission
of deta through a computer, is used most generally.

However, devices introduced thus far are limited
to measuring only the planar or 3-axial rotational
movements so that they have the disadvntages of not
being able to measure the 3-directional shifting
movements which occur along with the 3-directional
rotational movements as does in actual knee joint
motion and not being to correct the errors resulting
from fitting the electrogoniometer on soft tissues
such as muscles.

To develop a convenient apparatus that can re-
duce such flaws and can easily be used in actual cli-
nical setting, we had designed a new type of ex-
oskeletal link device and by testing it on normal
subjects, we measured the 3-dimensional momentum
of the knee joints in walking with our results as a
basis, we examined the usefulness of this device as a
means of objective evaluation of knee instability in
actual clinical situations by applying them in the
evaluation of the post-operative conditions of the
patients who underwent total knee arthroplasty and
the conditions of those with past history of ligament
injuries.

Composition of the new device

For the coordinate system of human knee joints, the
methods of using four-bar kinetic chain models is
generally employed. Each linking device is connected
by a cylindrical joint and through this joint rotation-
al movements are possible when desigend according
to the coordinate system the degree of rotation at
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each joint can be obtained independent of the other
two.

However with these methods, there is an implied
limitation that the coordinate system must precisely
coincide with the direction that is either parallel or
perpendicular to the long axis of tibia and femur.

Therefore, instead of such ordinary methods, a
means of measuring the relative 3-dimensional posi-
tion of the bar (tibia) that moves about the fixed
bar (femur) was designed.

The apparatus used in this study is composed of 3
joints, 6 electrogoniometers which read the differ-
ences in electric potential, fixating device to attach
the above parts to the lower limbs, and a computer
for deta analysis (Fig. 1). The joint was con-
structed with 2 universal joints and 1 pin joint be-
tween them to allow the knee joints to move in all
directions during walking. The electrogoniometer
attached to the device measured the relative angle of
rotation in each joint while an additional electro-
goinometer installed below the lower universal joint
determined the axial rotation. Each electrogonio-

- a

Figure 1. Composition of the equipment.
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Figure 2. The structures

f the electrogonoimenters and joints : 2

universal joints, 1 pin joints and 6 electrogoniometers

meter was designed such a fashion that when it was
fed a constant voltage of 10V it read the voltage that
corresponded to its rotation and would convert these
values into rotational angles (a voltage change of
1/180V is equivalent to 1° of rotation), the results
of which were then divided into 3 axial directions
such as flexion/extension, rotation, adduction/
abduction, and expressed the results as curves with
additional markings of a moving locus on a 3-D
coordinate system (Fig.2).

To put these devices on the subjects legs, the up-
per portion was fixed to the medial and lateral con-
dyle of the distal femur, the lower portion sub-
cutaneously to the anterior of tibia with 2 additional
bands each to the upper and lower portions as a
reinforcement (Fig.3).

Materials and Methods

In order to measure the range of knee joint move-
ments in normal individuals during a walk by using
this device, we had selected the right knees of 100
adults with no prior history of injury that could
affect their walking, no complaint of symptoms of ill-

ness and no abnormal findings on a physical ex-
amination. Each was allowed to wear the newly de-
signed exoskeletal device and to walk as they nor-
mally would. The graph produced by the walking
movements in each direction determined the ROM in
each direction while the pattern of movements cor-
responding to different stages of walking motion
were analysed through the shapes of the curves. Le-
ter, based on these results the same measurements
were attempted on 10 individuals who were di-
agnosed as having ruptured anterior cruciate liga-
ments (ACL) and 10 who underwent total knee
arthroplasty. The results were compared with those
of normal individuals.

Results

The following results were obtained from measur-
ing the 3-dimensional movement of knee joints.

ROM in the direction of flexion/extension :

It ranged from a minimum of 39.89° to a maximum
of 80.04° with a mean value of 55.37° (Fig4).
Furthermore, curves produced by electrogoniometer
showed a bighasic pattern in which there was an ex-
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Figure 3. The figures of the equipment applied.

tension following a slight flexion and then another
large flexion corresponding to the progressive stages
in waling (Fig.7).

ROM in the direction of intorsion/extorsion :

The range was from a minimum of 9.21° to a max-
imum of 18.09° with an average of 13.22° (Fig.5).
There were a maximum internal rotation immediate-
ly before the toe was off the ground (toe off) and a
slight internal rotation after the heel touched the
ground (heel strike) (Fig.7).

ROM in the direction of adduction/abduction :

A range from 7.84° to 15.91° with a mean of
11.55° was observed (Fig6).

Maximum abduction was obtained when flexion
was at its extreme (Fig.7).

5 of the 10 individuals with confirmed ACL in-
juries showed increase in the degree of movements
in various directions and abnormal changes in the
shapes of their movement curves (Fig. 8, 10). In 6
of the 9 subjects who had nonconstrained type total
knee arthroplasty due to degenerative arthritis,
same types of observations were made as mentioned
above (Fig. 9, 11). In a case where an total knee
arthroplasty of semi-constrained type was per-
formed following an extensive removal of soft tis-
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sues and bone tissue due to osteosarcoma, increase
in ROM in all 3 directions along with abnormal
movement patterns were seen (Fig. 12).

Discussion

Measuring and understanding the 3-dimensional
movementum of knee joints in normal walking is the
basis in the decision making process for treatment
modality of the injured knee, and design of the
artificial knee joint. It also provides objective
criteria in the evaluation of the patients who com-
plaint instability while walklIng.

Up until now, numerous researches had attempted
to measure the ROM of knee joints under passive
movements (Ross, 1932 ; Brantigan and Voshell,
1953 ; Dempster, 1956 ; Depalma, 1964), and to
study the dynamic movements under non-weight
bearing conditions  (Steindler =~ and  Arthur,
1955 ; Hallen and Lindahl, 1965).

Kettelkamp et al (1970) attempted to measure the
3-dimensional ROM of knee joints in walking using
exoskeletal link device with 4 electrogoniometers
attached to the adjacent areas of the knee joint.
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motion in people who had total knee
replacement.
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Lafortune et al (1992) tried to reduce the errors
due to soft tissues by inserting a metal pin directly
into femur and tibia. However, these methods are
very complicated and impractical or shortcomings
that there is no way to correct the errors.

In an effort to rectify these weakness, we designed
a new form of exoskeletal link device that is conve-
nient with less errors and can determined the rela-
tive 3-dimensional position of a bar (tibia) that
moves about the fixed bar (femur).

Regrding the measurement of ROM in the direc-
tion of flexion/extension, Kettelkamp et al (1970)
reported that there was an average of 68.1° of
movement while Eberhart et al (1947) and Murray
(1967) reported 70° and 65° of movements respec-
tively. In this study that value appears to be re-
latively small at 55.37°, and this may be due to the
fact that the subjects might have participated in the
experiments with unnatural walking patterns that
differed from their normal, usual patterns.

The curves representing the electricl potential dif-
ferences showed biphasic pattern in which there
were a smaller angular flexion during the stance
phase and a maximal flexion during the swing phase
similar to those in the study done by Lafortune et al
(1992).

In our case, the momentum of knee in the direction
of rotation, ranged from a minimum of 9.21° to max-
imum of 18.09° with an average of 13.22 while the
results Kettelkamp et al (1970) obtained by using
exoskeletal link device showed values between 5.7°
~25.3° with a mean of 12.0°. On the other hand,
Eberhart et al (1947) reported a range of values
from 4.1°~13.3° with 8.7° as their average.

There were a maximum internal rotation im-
mediately before the toe off and a small degree of in-
ternal rotation after the heel strike and these agree
with the report by Lafortune et al (1992) who
made the analysis with an insertion of metal pins
into the cortical bone.

With respect to the movements in the adduction/
abduction direction, our values were from 7.84° to
15.91° with 11.55° as our average. These values
were greaterthan Eberhart et al (1947) and Kettle-
kamp et al (1970) who reported 8~9° and 9.7°, re-
spectively. In accordance with the report by Lafor-
tune, maximum abduction occurred when flexion was
at its peak.

In 5 of the 10 subjects with injured ACL and 7 of
the 10 who underwent artificial total knee arthro-
plasty, there were increase in the amount of move-
ments and changes in the movement patterns.

We believe that measuring of the 3-dimensional
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movements of the knee joints under dynamic condi-
tions with newly developed instrument, could allow
us to objectively grasp the actual instability and
could be applied towards its proper treatment after-
wards or choosing supplementary supportive equip-
ments.

Our results differed from those of other resear-
ches involving varying amount of movements in each
direction. These differences could be accounted for
by the subjects’ race, phsical condition, age, sex and
also the differences in the number of subjects par-
ticipated and the degree of their sincerity towards
these experiments. We feel that need more studies to
developed more accurate and simple device.

Summary

We developed a new form of exoskeletal link de-
vice which is convenient to use and yet can reduce
errors and examined the knee movements in walking
3-dimensionally to get the following results.

1. In normal individulas, ROM in the direction of
flexion/extension was from a minimum of 39.89° to
a maximum of 80.04°with 55.37° as the average.
Moreover, the curves produced by electrogoniometer
showed a biphasic pettern with an extension follow-
ing a slight flexion and then another significant fle-
xion corresponding to the progressive stages of
walking.

ROM in the direction of rotation showed a mini-
mum 9.21° to a maximum 18.09° and a mean value
of 13.22° with a maximum internal rotation right be-
fore the toe off and smaller degree of internal rota-
tion after the heel strike.

Movements in the direction of adduction/ abduc-
tion ranged from 7.84° to 15.91° with an average of
11.55°. Maximum abduction occurred when flexion
was at its maximum.

2. Increase in the degree of activity in each direc-
tion and abnormal changes in movement curve pat-
terns were observed in 5 of the 10 people with con-
firmed ACL injury and 7 out of the 10 who had total
knee arthroplasty.

3. As evidenced above, we believe that the new
form of exoskeletal link device used in this study is
valuable not only in measuring the 3-dimensional
momentum of knee joints in normal gait but also in
objective evaluation of the instability of morbid knee
joints under dynamic coditions.
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Arthroscopy for the Stiff EIbow

Sung-Jae kim"
Hyun-kon kim"
Kwang-Min Ko” .
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Loose body, Osteochondritis dissecans, Intra-articular fracture

@®Abstract

The arthroscopic srugery was performed in twenty-five patients with stiff elbow. The fol-
lowing procedures were performed according to the intra-articular pathology : removal of
loose bodies, resection of osteophyte, anterior capsular release, abrasional arthroplasty, and
excision of radial head. The mean range of the joint motion was 92°, pre-operatively. The
post-operative result was 116° (average follow-up : 19 months). The satisfactory results
were obtained in twenty-three patients (92%). They showed improvement in carrying out
daily activities. Therefore, the arthroscopy of the elbow is an effective diagnostic and ther-
apeutic procedure for the intra-articular problems with minimal morbidity and rapid func-
tional recovery.

Stiffness of the elbow joint may result from a variety of causes, such as trauma, heterotopic
ossification, burn scar contracture, spasticity, and postoperative scarring.’’ Intra-articular
lesions causing limitation of motion are loose bodies, osteophyte on olecranon, synovitis,
adhesion, osteochondritis dissecans of capitellum, and chondromalacia of the radial head.'
Conservative treatment and open surgical treatment for the stiff elbow have offered un-
satisfactory results. Therefore, most orthopedic surgeons were reluctant to use these pro-
cedures. But, with development of the arthroscopic surgery, the satisfactory results were
reported in the recent literatures. In this study, the authors presented the result of
arthroscopic treatment for the stiff elbow in 25 patients.

Sung-Jae Kim

1) Department of Orthopedic Surgery, Yonsei University

College of Medicine. Seoul, Korea

2) Department of Orthopedic Surgery, Capital Armed Forces

General Hospital. Seoul, Korea
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Materials and Methods

From January 1991 through December 1993, the
arthroscopic treatment was performed in 25 patients
(26 cases) with the stiff elbow. There were twenty
males and five females with an average age of 34
years (range, 11 to 68 years). The mean duration
from the onset of symptom to the arthroscopic treat-
ment was 42 months (range, six months to 15
years). The most common cause of the stiff elbow
was trauma-related lesions (48%), the second was
sports-related lesions (28%) (Table 1). The mean
of the maximum extension (flexion contracture) of
the elbow was 21 degrees (range, 5 to 80 degrees),
preoperatively. The mean of the maximum flexion
was 113 degrees (range, 50 to 140 degrees).

The arthroscopy was indicated when the elbow
motion was so restricted that the daily activity was
disturbed or when the range of motion did not im-
prove despite physical therapy at least six months.
The arthroscopic procedures were as follows accord-
ing the the intra-articular lesions : removal of loose
bodies, resection of osteophyte, release of anterior
capsule, abrasional arthroplasty, and excision of ra-
dial hean. The mean duration of follow-up was 19

Table 1. Causes of the Stiff Elbow

Cause No.
Trauma related lesion 12 ( 48 % )
Sports related lesion 7 (28 %)
Job related lesion 1( 4%)
Non-specific lesion 5(20 %)
Total 25

months (range, 6 to 45 months). We examined all
patients in our department, and all patients re-
sponded to a written questionnaire. The clinical re-
sults were evaluated according to the scale de-
veloped by Morrey et al.'’in the Mayo clinic (Table
6).

Techniques

The elbow arthroscopy was performed under the
general anesthesia or the axillary block (3 cases).
The position of the patient was supine or prone. Re-
cently, we have proposed the prone position due to
less neurovascular complications. The pneumatic
tourniquet was applied on the upper arm near axilla
with appropriate pressure. The main portals were
anterolateral, anteromedial, posterolateral, and pro-
ximal medial. Two accessary portals, direct lateral
and direct posterior, were added if necessary.

The bony landmarks were outlined on the radial
head, the lateral and medial epicondyle of humerus,
and the olecranon of ulna with a marking pen. The
anterolateral portal was placed 3 cm distal and 2 cm
anterior to the lateral humeral epicondyle. The
anteromedial portal was placed 2 cm anterior and 2
cm distal to the medial humeral epicondyle. The
posterolateral portal was 3 cm proximal to the olec-
ranon tip, just superior and posterior to the lateral
epicondyle and lateral margin of triceps muscle. The
proximal medial portal was located 2 cm proximal to
the medial humeral condyle. The direct lateral portal
was located between the lateral humeral epicondyle,
tip of olecranon, and radial head. Through these por-
tals, arthroscopic procedures were performed.

After removal of loose bodies and excision of the
radial head, we confirmed the post-operative status
with radiographic evaluation at operating room. The
excision of the osteophyte was performed with
osteotome and motorized burr. For the anterior
capsular release, the retrograde knife was used

Table 2. Intra-articular Pathology

Pathology

No. Incidence

Loose bodies
Osteophyte

Osteochondritis dissecans
Anterior capsular contracture 5 / 26 19.2 %
Intr-articular fractures

15 /7 26 57.7 %
14 / 26 53.8 %
6/ 26 23.1 %

57/ 26 19.2 %
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through the anterolateral portal and the proximal
portion of the capsule was divided. The abrasional
arthroplasty was performed using a motorized burr
and full radius resector. Post-operatively, the active
range of motion exercise was started as soon as pain
and swelling were subsided.

Results

The causes of the stiff elbow, which was con-
firmed during the arthroscopic examination, were as
follows : loose bodies in 15 cases, osteophyte in 14
cases, osteochondritis dissecance in 6 cases, anterior
capsular contracture in 5 cases, and intra-articular
fractures in 5 cases. The intra-articular fractures
included the radial head fractures in 3 cases and

Table 3. Site of Bone Lesion

Site of Bone Lesion No.
Olecranon 14
Coronoid process 5
Radial head 4
Capitel lum 2
Trochlea 2
Distal humerus 2
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humeral condyle fractures in 2 cases (Table 2).
Bone excisin procedures were performed most com-
monly on the olecranon in 14 cases, the second on
the coronoid process in 5 cases (Table 3).

In 15 cases with loose bodies, the arthroscopic re-
moval relieved the intermittent catching sensation
and improved the mean range of motion 20 degrees.
In 14 cases treated with resection of osteophyte from
olecranon and coronoid process, the mean extension
increased 18 degrees and the mean flexion increased
7 degrees. The anterior capsular release performed
in 5 cases increased the mean extension 16 degrees.
The abrasional arthroplasty performed in 6 cases in-
creased the mean range of motion 20 degrees. In one
case, the partial resection of the radial head and the
abrasional arthroplasty were performed. In this pa-
tient, flexion increased 45 degrees and supination in-
creased 75 degrees. (Table 4).

Pre-operatively, the mean angle of maximum ex-
tension was 21 degrees and maximum flexion 113 de-
grees. At the last follow-up examination, the mean
angle of maximum extension was 14 degrees and
maximum flexion 130 degrees. The mean range of
motion increaed 24 degrees (Table 5).

The clinical results improved 1.8 points according
to the scale of Morrey et al.” The mean score was
2.8 points pre-operatively and 4.6 points
post-operatively. Twenty-three patients (92%)
were satisfied with the result of the procedure. In
two cases, the range of motion did not improve, but
the pain diminished.

Table 4. Improvement of ROM According to the Operative Procedures
Operative procedure No. Improvement of ROM
Removal of loose bodies 15 20 degrees
Excision of osteophyte 14 25 degrees
Release of anterior capsule 5 16 degrees
Abrasional arthroplasty 6 20 degrees
Excision of radial head 1 45 degrees

Table 5. Improvement of the Stiffness
Pre-op Post-op Improvement
Mean angle of maximum extension 21° 14° 7°
Mean angle of maximum flexion 113° 130° 17°
Mean range of motion 92° 116° 24°
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Table 6. Scale with which the Patients Rated Pain Preoperatively
and Postoperatively (Morrey BF)

Description of Pain Points
None 5
Slight, with continuous activity: no medication 4
Moderate, with occasional activity: some medication 3
Moderately severe (much pain); frequent medication 2
Severe (constant pain); marked limitation of activity 1
Complete disability 0

Discussion

There has been many reports for the treatment of
the stiff elbow. Urbaniak et al.”reported the anter-
jor capsular release. Morrey ' reported the distrac-
tion arthroplasty. And Husband®reported the lateral
approach for the contracture of the elbow. These
procedures, although effectively decrease the amount
of contracture, are technically demanding, require
extensive dissection, and consequently have the
potential for significant complications.'®On the other
hand, the elbow arthroscopy provides a reasonable
alternative with the potential benefits of decreased
postoperative morbidity and rapid functional recov-
ery."

Elbow arthroscopy is indicated in the following
situations (1) evaluation and removal of loose
bodies, (2)evaluation and treatment of osteochondri-
tis dissecans of the capitellum, (3)evaluation and de-
bridment of chondral or osteochondral lesions of the
radial head, (4)debridment and release of adhesions
of post-traumatic or certain degenerative processes
about the elbow, (5)partial synovectomy in rheuma-
toid disease, and (6)partial excision of humeral or
olecranon osteophytes.'**

The effectiveness of elbow arthroscopy was asses-
sed in 35 consecutive patients by Ward and Ander-
son in 1993." All patients had preoperative pain.
Loose bodies and impinging spurs were the most
common preoperative and postoperative diagnoses.
Flexion and extension improved an average of 9 and
6 degrees, respectively. Ogilvie-Harris and Sche-
mitsch ¥ reported the results of arthroscopic removal
of loose bodies in 33 patients. The amount of pain
decreased in 85% of the patients, locking in 92%, and
swelling in 71%. Overall, 89% of patients had signifi-
cant improvement through arthroscopic procedure.
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In this study, the following procedures were per-
formed : removal of loose bodies (15 cases), resec-
tion of osteophyte (14 cases), abrasional arthro-
plasty (6 cases), anterior capsular release (5 cases),
and radial head resection (1 case). Because the
several combined procedures were performed in
some case, we could not evaluate the improvement of
range of motion in the specific procedure respective-
ly. But in this study, we obtained good results as in
other previous reports, satisfactory clinical results
in 92% and improvement of the range of motion 24
degrees.

The complications of the elbow arthroscopy are
similar to those of the other joints, such as infection,
problems associated with a tourniquet, breakage of
the instruments, iatrogenic scuffing of the articular
surfaces, and neurovascular  complications.'”*
Among these, the nerve injury was the most common
complication in the previous reports.'*'*"In this
study, there were transient median nerve palsy in
two cases and breakage of the instrument (breakage
of burr during the abrasional arthroplasty) in one
case.

In conclusion, the elbow arthroscopy is an effec-
tive diagnostic and therapeutic procedure for the
intra-articular problems with minimal morbidity and
rapid functional recovery.
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Scaphoid Stress Fracture of a High Diver
A Case Report

Kwon-Ick Ha Sung HO Han
Min Young Chung Bo Kyu Yang
Jae Kyung Kwak

®Key words

Carpal scaphoid, Stress fracture

@Abstract

Carpal scaphoid fracture is found among wrist fracture with the highest frequency. Clini-
cally, the symptoms of carpal scaphoid fracture shows similar symptoms of wrist sprain.
Furthermore, it is very difficult to detect carpal scaphoid fracture radiologically, and it is
very often that carpal scaphoid fracture cannot be diagnosed in early stage. In addition,
avascular necrosis or nonunion occurs frequently in carpal scaphoid fracture due to the ana-
tomical uniqueness and unusual vascular movement.

The origin of carpal scaphoid fracture mechanism is still unknown and under debate. There
is no specific medical report which certain illustrates that is limited to certain occupations
and special circumstances. However, we have treated and experienced the case of carpal
scaphoid stress fracture of a 17-year-old male high diving player who suffered from the ex-
treme pain. Thus, we would like to report this case with references.

Kwon-Ick Ha
Department of Orthopaedic Surgery Samsung Medical Center,
National Police Hospital Seoul, Korea
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Introductions

Scaphoid fracture has the highest incidence in car-
pal bone fractures. It is clinically similar to carpal
sprain in symptomatology and there are some diffi-
culties in diagnosis by radiological findings, there-
fore, early diagnosis in this injury is not easy. Be-
cause scaphoid has the peculiarities in anatomical
and vascular supply, scaphoid fracture has the high
incidence of nonunion and avascular necrosis.”" ”
Scaphoid fractures have been on controversies in
mechanisms of fractures. No one has documented the
occupational relationship, what amounts of external
forces are needed to develop a scaphoid fracture,
nor a case report of stress fracture in scaphoid. Au-
thors have observed a scaphoid stress fracture in
17-year-old male high diving player, who had suf-
fered from consistent carpal pain. We report a case
on the basis of our treatment experience and a re-
view of articles.

Case Report

A seventeen-year-old man who had a history of
left carpal pain for a year that had developed from a
high diving game on Asian Games, in September

1990. The pain had developed after a diving into the
water with the first web space of both hands over-
lapped and the left hand placed superiorly, the right
hand inferiorly (Fig. 1). The left carpal pain had
been treated conservatively for a year with taping
and elastic bandages, and he had continued the di-
ving training and other physical trainings using the
injured hand. He had a career in high diving player
for five years. On admission, he stated the initial
carpal pain had been disappeared, but he complained
the carpal pain on extension of left wrist joint.

Physical examinations revealed a tenderness on
left carpal joint, especially on anatomical snuff box,
and he suffered from a pain on extension of the car-
pal joint over seventy-degress with radial deviation
of the joint. The range of motion of the joint on fle-
xion and radial deviation was within normal range.
Plain radiographs of anterior, lateral, and billiard
view revealed a transverse fracture line in middle
one-third of scaphoid with increased densities on
the relatively smooth fracture line. The central por-
tion of the lesion had a cystic change and the bone
marrow cavity was discontinued (Fig. 2).

He was treated with the Matti-Russe operation.
[liac bone was grafted to the fracture site of
scaphoid through palmar approach. A thumb spica
cast was applied from neck of middle phalanx of the
thumb to proximal forearm, with his wrist posi-

Figure.1 Wrist position : After 1st web space of both hands are laid to overap each other
in such way that the right hand and left hand are positioned at the below and
upper part respectively, the both wrist is obtained in extension condition.
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tioned in neutral and radially-deviated. Postoper-
atively, the joint was kept immobilized for 8 weeks.
Roentgenograms made at the time of follow-up de-
monstrated the evidence of bony union (Fig.3).

We have a plan for gradual rehabilitation from
basic physical training using the carpal joint to re-
turning to the diving training, in the case of com-
plete bony union after postoperative 3 or 4 months
of follow-up.

B2FEH VOL.14 NO.4 472

Discussion

There are various mechanisms of scaphoid frac-
ture. Weber” reported that scaphoid fractures could
be occurred by extension and radial deviation force
of wrist joint. On the contrary, Mayfield®” reported
scaphoid fractures were resulted from applying a ul-
nar deviation force to the wrist joint with hyperex-
tension of the joint. Chung et al”. reported that rota-
tion of scaphoid to the direction of narrowing down

Figure.2 Preoperative radiologic finding : on one third of the middle section in left
scaphoid, its fracture line is visible with the growth of radiodense. Also,
cystic change and smooth fracture site is observed on the middle section.

Figure.3 Postoperative radiologic finding : 8 weeks after the operation. Union evidence

is visible on the fracture site.
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the scaphoid-lunate interval result in anterior ten-
sile force and posterior compression force, and these
forces induce the fracture of scaphoid as a consequ-
ence. In our case, hyperextension and radial devia-
tion force applied to the superiorly placed left wrist
joint and the force generate from water entering,
were combined and applied repeatedly to the
scaphoid bone and resulted in a stress fracture.

Russe” classified the scaphoid fracture by its ana-
tomical location into proximal, middle, and distal
fractures. Sotto-Hall® divided the scaphoid fractures
into acute, subacute and chronic (more than 6
months) fractures, according to the duration from
an onset. Roentgenological classification divides
scaphoid fractures into stable acute fractures, type
A | unstable acute fractures, type B ; delayed union,
type C; and non-union, type D. Our case corres-
ponds to the middle fracture in Russe classification,
and chronic fracture in Sotto-Hall classification, and
type D, roentgenologically.

Treatment of scaphoid non-union includes spon-
dylectomy, proximal fragment excision, proximal-
low carpectomy, and grafting operations. Hooning
Van Duyvenbode et al.” reported a good result in 77
cases of scaphoid non-union patient treated with
Matti-Russe grafting operation with volar approach.
Ha et al.” reported that they obtained a good result
from 27 cases of scaphoid non-union treated with
Matti-Russe operation except 2 cases. These 2 cases
complaining carpal pain and osteoarthritis were in-
ternally fixated with Herbert screw and finally re-
sulted in a good condition.

Conclusion

We report an experience of a case of scaphoid
stress fracture review of articles, which was re-
sulted from repeated stress of water resistance ap-
plied to the wrist in water entering position. The
fracture was misdiagnosed as a carpal sprain and
treated conservatively and he continuing diving
training for a year. We anticipate that this report
dedicates to the studies on the mechanism of
scaphoid fractures.

96

2)

3)

4)

5)

6)

7)

8)

9)

References

Chung, M. S, Kim, H. J., Won. C. H., Lee. M.
C. ! Mechanism of Scaphoid Fracture. J. of
Korean Orthop. Assoc. 25-3 : 747-752. June
1990.

Gelberman, R. H., Wolock, B. S. and Siegel, D.
B. . Frature and non-union of the carpal
scaphoid. J. Bone and Joint Surg, 71-A :
1560-1565, 1989.

Ha, K. 1., Hahn, S. H., Jung. M. Y., Kim, M. S,,
Jang, H. S.
Nonunion. J. of Korean Orthopedic Assoc. 20-
6 : 1073-1079. Dec. 1985.

Hooning Van Duyvenbode J. F. F., Keijser L.
C. M., Hauet E. ]J.,, Obermann W. R., Rozing P.
M.  Pseudarthrosis of the scaphoid treated

The Treatment of Scaphoid

by the Matti-Russe operation. J. Bone and
Joint Surg., 73-B : 603-606, 1991.

Kim, I. D., Kim, P. T., Park, B. C., Choi, Y. W,
Lyu, Y. G, Han, S. I. : Clinical Analysis of
Carpal Scaphoid Fracture. J. of Korean
Orthop. Assoc. 25-2 : 321-329. April 1990.
Mayfield, J. K. : Mechanism of carpal injuries.
Clin. Orthop., 149 : 210, 1980.

Russe, Otto : Fracture of the carpal navicu-
lar. Diagnosis, Non-operative treatment, and
operative treatment. J. Bone and Joint Surg.,
42-A : 759-768, 1960.

Soto-Hall, R. and Haldeman, K. O. : The con-
servative and opertive treatment of fractures
of the carpal scaphoid. ]J. Bone and Joint
Surg., 23 : 841-850, 1941.

Weber, E. R. ! Biomechanical implication of
scaphoid waist fractures. Clin. Orthop. 149 :
83, 1980.



B2 KSE VOL.14 NO.4 474

Lumbar Burst Fracture in Paragliders

Jae-Yoon Chung Sung-Man Rowe
Eun-Soon Moon Eun-Kyoo Song
Taek-Rim Yoon

®Key words
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@®Abstract

In paragliding, loss of lifting force by the collapse of sail or turbulance of air leads to a
rapid fall and landing on the buttock. In those instances, lumbar spine is maintained upright
by the remained partial pulling force of the relatively light weight of the equipment. As a re-
sult of the fall, lumbar spine sustain an injury from the axial loading force.

The authors experienced six cases of lumbar spine fracture requiring surgical treatment
among 400 active paragliders in Kwangju area during the last three years.

Mechanism of fracture was burst type B by Denis classification in all cases. Level of the le-
sion was L2 in three, L3 in two and L4 in one. Neulological involvement was not observed.
Method of operations was anterior decompression by proximal corpectomy in three and by
total corpectomy in one and short segment transpedicular instrumentation in two.

All showed solid bony union within three months. Extent of fusion was one motion segment
in cases with proximal hemicorpectomy while it was two motion segment in the cases treated
by the other methods.

In conclusion, the authors believe that burst type fracture of lumbar spine is prevalent in
paragliders and the treatment by proximal hemicorpectomy minimizes the fusion segment in
such cases.

Jae-Yoon Chung
Dept. of Orthopedics
Chonnam Univ. Hosp.

8 Hakdong, Kwangju, 501-757

Korea
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Introduction

Paragliding is a new sport that is flying downhill
with a special type of parachute. It originated from
parachuting in around 1960 and improved to a sport
in 1984. Since it has been introduced to Korea in
1987, it is getting popular'**. The paragliding was
introduced to Kwangju area which about 1 million
inhabitants in 1989, and the active members of
pilots increased up to 400 in the end of 1993.

During the last three years in Kwangju area, there
was about 20 spine injuries in paragliding accident,
and six of them needed operative treatment.

This is to report our experience on the features of
the spine injury in paragliders, and on the methods
of operative treatment that minimize the extent of fu-
sion area to prevent the restriction of lumbar motion
and to shorten the healing period.

Clinical Materials

For three years from December. 1990 to Decem-
ber. 1993, six patients sustained lumbar spine frac-

Fig.1-A, B. Denis type B burst fracture of L 3 was treated anteriorly by

tures during paragliding and they were treated oper-
atively. Follow up period was 6 to 30 months. They
were active young patients with an age-range of 21
to 31 years (Av. 26.7 years). They were five men
and an woman. Causes of accident were personal
factors including carelessness or misjudgement by
the pilot in five and gust of wind in one.

Gliding career at the time of accident was less
than 30 times in two, between 30 to 100 in one, and
over 100 in three. Level of the lesion was second
lumbar vertebra in two, third in three and fourth in
one.

Type of the fracture mechanism was burst type B
by Denis classification” in all cases, Spinal canal in-
volvment by retropulsed bony fragment was 40-80%
(Av. 57%). Neurological deficits were not
observed.

As the operative procedures, three methods were
performed. Anterior resection of crushed proximal
half of the body and mono-segmental interbody fu-
sion using iliac bone blocks and MOSS (Modular
Segmental Spinal) instrumentation were used in
three cases (Fig. 1). Anterior decompression by
total corpectomy and fusion using Kaneda device®
was done in one. Short segment transpedicular

proximal hemicorpectomy and monosegmental fusion.
Two movable motion segments are remained below the level.
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Table 1. Clinical Materials

Sex Age Levelof Types of Canal Method of Fused
Injury  mechanism involvement operation segments

1 M 26 L3 Burst B 80% Hemicorpectomy 1 seg.
2 M 27 L4 Burst B 60% Hemicorpectomy 1 seg.
3 F 61 2 Burst B 60% Hemicorpectomy 1 seg.
4 M 21 L2 Burst B 40% Total corpectomy 2 seg.
5 M 31 L3 Burst B 50% Transpedicular 2 seg.
6 M 29 L3 Burst B 50% Transpedicular 2 seg.

Cotrel-Dubousset instrumentation screwing into the

upper and lower adjacent vertebra as well as the Results

fractured one” were performed in two (Fig. 2).
Postoperatively, ambulation was possible within 7
days after operation in all. External support by
plastic orthosis of under arm type was applied for
two to three months in accordance with the stability
(Table 1).

Fig. 2-A, B. Denis type B burst fracture of L 3 was operated by

Solid bony union was observed within 3 months in
all cases. Extent of fusion area was one motion seg-
ment in three cases of anterior proximal hemicorpec-
tomy, while it was two motion segment in the other
three cases treated by other methods. Operative
complications such as infection, metal failure, col-
lapse of grafted bone, recurrence of deformity and

transpedicular C-D instrumentation. Only one motion
segment was left below the fused area.
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Table 2. Occupational activity

Normal 5
Reduced i
Unable 0
Admission 0
* Total corpectomy case

Table 3. Sports activity

Paragliding 2
Other sports 3
None 1*
* Total corpectomy case

neurological deterioration were not observed.

Five patients had the same occupational activities
as preoperative activities and one patient with total
corpectomy and fusion with Kaneda device showed
significantly reduced activity and changed the job
from out door laborer to a stationary one (Table 2).

Five patients regained sports activities, among
them two could enjoy paragliding again, while the
other three changed to easier sports (Table 3).

Discussion

Paragliding has become more popular and the re-
lated injuries has been reported increasing™'’. The
analysis of the localization of the trauma
documented the incidence of thoracolumbar spine in-
juries from 24 % to 45.9 % and the most prevalent
location was lumbar spine*'**"*?

Spine injuries may occur during the phase of take
off or flight. During the phase of take off, the pilot
would be landed on his buttock when he overesti-
mated lifting airstream or when he sat back too ear-
ly. During flight, collapse of the sail or turbulence of
air eliminates the lifting force which leads to a rapid
fall’”. In both conditions, the posture of pilot is
maintained up-right by the remaining partial pulling
force of the relatively light weight of the equipment
just a shuttlecock.

Therefore, the lumbar spine sustains axial loading
force and the burst type fracture may occur. In the
authors’ cases, all were type B burst fracture by De-
nis classification. On the other hand, Zellner et al*
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reported the prevalence of compression type frac-
tures (41.5%). Further investigation would be
necessary to identify the difference.

In this series, as in other reports, neurological de-
ficit was not observed, despite the spinal canal
involvement of 40 to 80% by the retropulsed frag-
ment. The low incidence of neurological deficit may
be due to the relatively low energy inpacting force
by the remained lifting force and the relatively wide
safety margin of the lumbar spine for the canal com-
promise than the thoracic spine®”.

For the treatment, operative decompression with
rigid stabilization is indicated when the spinal canal
compromise is more than 40% or unstable. As the
spine injuries are prevalent in the lumbar spine,
saving the spinal motion segment is an important
point of consideration, expecially in its lower part,
to preserve the valuable lumbar motion and to pre-
vent early degenerative change of remaining motion
segments. The importance is emphasized when their
young ages are considered.

In authors’ series, cases with anterior decompress-
ion by proximal hemicorpectomy and fusion of one
motion segment showed better clinical results than
the cases treated by the other methods.

Although, our experfence is very limited in num-
ber, the authors believe that Denis type B burst
fracture of the lumbar spine is prevalent in para-
gliding. Treatment by the proximal hemicorpectomy
and monosegmental fusion is recommended when the
operative management is indicated.
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