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Clinical Results and Sports Activity after Direct Repair
of the Defect Using Fixation of the Spinous Processes

for Lumber Spondylolysis
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®Abstract

We have investigated the clinical result and sports activity of 22 patients under 29
years old with lumber spondylolysis following direct repair of the defect at the pars
interarticularis using fixation of the spinous processes. The aim of this surgical method
is to obtain anatomical and functional repair of the lumbar spondylolytic vertebrae.
The rate of bony union of the defect at the pars interarticularis was 95% at follow-up.
All cases could return to sports activities, though 18% continued to have a slight
low-back pain during movement. Seven of 11 cases that had belonged to athletic clubs
could return to all activities at the former clubs. In 22 cases, 59% of the grafted bones
in the spinous processes became absorbed. In 19 cases with 5th lumbar spondylolysis,
the mean range of movement between the 1st lumber and the sacral vertebrae decreased
from 60.9° to 48.3° after surgery. However, these changes had no influence on the clinical
results or sports activity.
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Introduction

Surgical treatment by direct repair of the de-
fect at the pars interarticularis using fixation of
the spinous processes is widely recognized for
lumbar spondylolysis that shows no improve-
ment with the conservative treatment.

The aim of surgical intervention is to obtain
an anatomical and functional repair of the lum-
bar spondylolytic vertebrae.

Previous reports have indicated good results
at follow-up, but return to sports activities has
not yet been investigated 2345,

In this study, we have examined patients who
were under 29 years old at surgery and had been
able to continue their athletic club sports after

surgery.

Materials and Methods

The subjects were 15 men and 7 women with
lumbar spondylolysis who were under 29 years
old at surgery. Surgery was performed be-
tween 1983 and 1992 in our clinic. The mean age
of the patients at surgery was 22 years old, rang-
ing from 16 to 29 years old. The mean follow-up
period was 4.4 years, ranging from 1.5 years to 9.8
years.

Concerning the level of the spondylolysis, 3
cases involved the fourth lumbar level (I.4), and
19 cases involved the fifth lumbar level (L5).
Three cases of spondylolysis-listhesis (slip<
10%) were included. These 3 cases were all men,
one involved L4, and two involved L5. Also 6

bone graft
¥

cases of spina bifida occulta were included. Also
included was 1 case of lumbar disc herniation
which underwent nucleotomy.

The clinical results were assessed using
score of the Japanese Orthopaedic Associ-
ation (J.O.A.). The sports activities were ex-
amined retrospectively.

Radiographical investigations were performed
by measuring such parameters as range of move-
ment (ROM) between the lumbosacral ver-
tebrae at L1-2, L2-3, L3-4, L4-5, L5-S, L1-S using
the method described by Begg and Falconer with
superimposition of flexion and extension X-ray
films, angle of the lumbar lordosis (L1-L5),
lumbo-sacral angle and lumbar index 7.

The clinical results and sports activities were
compared to investigate the influence of absorp-
tion and non-absorption of the grafted bone in
the spinous processes.

CT analysis was performed, case by case, to
assess the bony union.

The surgical method consisted of an iliac
grafted bone interposed in the lytic portion of the
pars interarticularis with posterior fixation of
the adjacent spinous processes (Fig. 1)

As postoperative management, bed rest with
a plaster cast bed for 6-8 weeks was required and
a lumbar brace was worn for 16-20 weeks follow-
ing surgery 29,

Results
The mean height and the mean body weight

were 169.5+5.8cm and 63.1+8.5kg in men, and
158.6%*4.8cm and 52.0%x7.7kg in women. These

N

o o

Ov
L %)

Fig. 1 Surgical method : direct repair of the defect using fixation of spinous processes



values were all within the normal ranges for their
age, in Japan.

The mean period from the first medical
examination to surgical treatment was 422+
37.8 months.

The mean surgical duration was 127+31
minutes and the mean blood loss was 274%203
ml. The only transfusions were autotransfusion.
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There were two cases of surgical complica-
tions; one of thrombophlebitis in the left leg, and
the other of bleeding cystitis.

Table 1 summarizes the clinical results. Be-
fore surgery, all cases had low-back pain, 2 cases
had leg pain and numbness, 3 cases had leg pain
and 2 cases had leg numbness. Postoperative-
ly, 18 cases were free of low-back pain, while

Table 1. Clinical results by J.O.A. score (N=22)

’ Total Score

Pre-Op. 11.9%1.3

Lumber Pain ADL
(max 15 points) (max 3 points) (max 14 points)
1.0%0.2 I 11.0+1.3
2.810.4 13.4x1.1

Follow-up | 14.5%+0.8

Table 2. Return to former club activities after surgery

Athletic Clubs (N=11)
Track and Field 3 cases
Kendo 2 cases
Baseball 1 case
Basketball 1 case
Judo 1 case
Rugby 1 case
Soccer 1 case
Volleyball 1 case

Complete Return : 7 Cases

Slight decrease
in Activity : 2 Cases

Change of Club : 2 Cases

Table 3. Radiographical measurements (L5 spondylolysis, N=19)

1. Mean range of movement by Begg and Falconer’s method
and % ratio at each level between L1-S

L1-2 L2-3 L3-4 14-5 L5-S L1-§
Pre-Op. B.1+2.9° 10.7+2.9° 9.74+2.2° 12.9+3.5° 19.2+5.5" | 60.9+12.8°
(13. 3%) (17. 6%) (15. 9%) (21.2%) (31.5%) (100%)
Follow-upl 9.8+5.6" 10.0%£3.9° 9.3+3.1° 6.1+4.0 13.0+4.4" | 48.3+14.0°
(20. 3%) (20.7%) (19. 3%) (12. 6%) (26. 9%) (100%)
2. Mean lordosis angle (L1-L5) Pre-Op. Follow-up
83.1£1L.7| 33.2+12.2
3. Mean lumbosacral angle Pre-Op. Fol low-up
144.7%8.1° 148.1+6.6°
4. Mean lumber index 82.4+5.6 %
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Table 4. Results in the absorption group and the non-absorption group of the
grafted bone of the spinous processes

1. Clinical Results by J.0.A Score (max 15 points)
Absorption Group (N=12) |Non-Absorption Group (N=10)

11.9%1.2
14.5%0.9

Pre-Op.
Follow-up

11.9+1.6
14.5%0.7

2. Sports Activity of the Athletic Club Members after Surgery
Absorption Group (N=6) | Non-Absorption Group (N=5)

Complete Return 4 Cases
Slight Decrease
in Activity 1 Case

Change in Club 1 Case

3 Cases

1 Case
1 Case

3. Mean Range of Movement between L1-S determined by Begg and

Falconer’s Method in

Athletic Club Members with L5

Absorption Group (N=5); Non-Absorption Group (N=4)

Spondylolysis
Pre-Op. 62.6%6.9°
Follow-up 56.2+18.4°

slight pain remained in 4 cases, slight leg pain
remained in 3 cases, and leg numbness remained
in 2 cases.

As for sports activities, before surgery all cases
had participated in athletic or recreational
sports, but had difficulties in engaging the ac-
tivities due to low-back pain. Postoperatively all
cases could return to sports, although 18% still
had slight low-back pain during movement. At
follow-up, 15 cases had completely recovered
their previous level of sports activity, 5 cases had
a slight disturbance, and 2 cases had a moder-
ate disturbance.

Table 2 summarizes the return to former ath-
letic club activities in 11 cases. A complete re-
turn to activities was achieved in 7 cases.

Concerning the radiographical examinations,
all cases had bilateral lytic sites which sug-
gested pseudoarthrosis. Bony union of the bilat-
eral lytic sites was obtained in 20 cases. Incom-
plete bony union was observed in 2 cases; one in-
volving the right site, and the other the left site.

Table 3 shows, in 19 cases with L5 spon-
dylolysis, the mean ROM between vertebrae, the
mean lordosis angle (L1-L5), the mean lum-
bosacral angle and the mean lumbar index.

Table 4 shows the results in the absorption
group and non-absorption group of the grafted
bone in the spinous processes.

70.8%16.6°
49.8%+11.6

Case Reports

Case 1 : A 22-year-old woman with L5 spondy-
lolysis who played volleyball and swam as rec-
reational sports underwent surgery in 1988. Bony
union of the defect was achieved. She con-
tinues her work as a nurse, has no low-back pain,
and continues to play the same sports. The
grafted bone in the spinous processes was not ab-
sorbed (Fig. 2,3).

Case 2 : A 24-year-old man with L4 spondy-
lolysis who belonged to Kendo club underwent
an surgery in 1991. CT showed bony union of the
defect at the pars interarticularis. He continues
working as a policeman and has no low-back
pain. He has returned to sports activities at his
former club. The grafted bone in the spinous
processes was absorbed (Fig.4).

Case 3 : A 20-year-old woman with L5 spondy-
lolysis who belonged to track and field club un-
derwent surgery in 1986. She obtained bony un-
ion of the defect and a complete return to ac-
tivities at her former club. At follow-up she is
working as a clerk and enjoys swimming and ski-
ing as recreational sports. The grafted bone in
spinous processes was absorbed (Fig. 5).
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Fig.2 Case 1. A 22-year-old woman with L5 spondylolysis underwent
successful repair of the defect.

Fig.3 Case 1.  Grafted bone in the spinous processes was not absorbed at
follow-up.
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Post Op. 2Y

SAGITAL . SAGITAL

Fig.4 Case 2. A 24-year-old man with L4 spondylolysis underwent
successful repair of the defect.

CT showed bony fusion of the defect at the pars
interarticularis.

Pre. Op. Post Op. 7Y Pre. Op.

Fig.5 Case 3. A 20-year-old woman with L5 spondylolysis achieved bony

fusion of the defect and complete return to track and field
club activities.



Discussion

The surgical method in this study was
developed by Mitsuyasu and by Kirita, to elim-
inate abnormal instability in a separated lam-
ina. This surgical intervention is indicated for
lumbar spondylolysis, and also for lumbar spon-
dylolisthesis with less than 10% slip 1.236),

The surgery does not need instrumentation,
and so the possibility of various complications
is reduced, though a relatively long bed-rest is
needed for the bony union of the defect at the
pars interarticularis.

According to the J.O.A. score, each patient
showed improvement and returned to daily life
as a worker or a student.

None of the patients gave up sports, though
18% of 22 cases had slight low-back pain remain-
ing when jumping or twisting, and 56% of 7 cases
who had had leg symptoms continued to experi-
ence leg pain or leg numbness.

As for the athletic club, 64% of the patients
completely returned to their former club ac-
tivities. But it was difficult for students to re-
gain aregular team position because they needed
at least 6 months for retraining after surgery.

Radiographically, 2 cases had incomplete bony
union, the cause of which was unclear, and these
2 continued to have low-back pain. Two of the 3
patients who had spondylolysis-listhesis had im-
provement in the degree of listhesis postopera-
tively, but the other one showed no change. In ex-
amining the radiographical parameters, we
focused on the cases of L5 spondylolysis to sim-
plify the results. The mean lumbar lordosis an-
gle showed no change postoperatively. The mean
lumbosacral angle and the mean lumbar index
also showed no marked difference from other
reports8. The ROM between L1-S decreased
from 60.9 °to 48.3°. The pre- to postoperative ra-
tio of ROM between L3-4, L4-5, L5-S to ROM be-
tween L1-S were respectively 15.9% and 19.3%,
21.2% and 12.6%, 31.5% and 26.9%. The ratio of L4-5
showed a remarkable decrease postoperatively.
It was supposed that the decrease in ROM be-
tween L1-S (80%) was due to stabilization of the
lytic sites at L5 by the bony union. At follow-up,
none of the patients complained about lumbar
flexion or extension. These findings suggest that
postoperative loss of intervertebral motion does
not affect the sports activities.

In this study, 95% showed bony union of the
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lytic portion and 59% showed absorption of the
grafted bone in the spinous processes. These
values accorded with those in Miyazaki’s se-
ries, in which 89.4% showed bony union of the
lytic portion and 53.4% showed absorption of the
grafted bone in the spinous processes 4.

The ROM at L1-S in the non-absorption group
was slightly less than that in the absorption
group. This might suggest a postoperative loss
of the intervertebral motion at the fixation sites.
However, according to the clinical results and the
obtained recovery in sports activities, there was
no significant difference between the two groups.
The posterior fixation of the adjacent spinous
processes with a grafted iliac bone is used for
transient fixation to obtain bony union of the
lytic portion and is not intended to affect the clin-
ical result and sports activity.

Summary

Direct repair using fixation of the spinous
processes was effective for cases of lumbar spon-
dylolysis that had not shown improvement with
conservative treatment. Neither a postopera-
tive decrease in the intervertebral movement nor
the existence of grafted bone in the spinous
processes influenced the clinical result and
sports activity.
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Shoulder Dislocation with a Glenoid Rim Fracture
by Sports Activities
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@ Abstract

A fracture in the glenoid rim leads to instability in the shoulder joint and may be
followed by recurrent dislocation if the fracture fails to unite. In most cases, the
fragment is too small to be reduced and fixed surgically. We report ten cases involving
a shoulder dislocation after glenoid rim fracture that occurred during sports activities
which successfully operated on. Eight of the ten cases had a history of recurrent
dislocations more than five times pre-operatively. In the operation, the fragment was
removed and the coracoid process was transplanted with the conjoined tendon at the
defect of the glenoid to repair the fracture. This procedure was done in each of the ten
cases, and nine of them have been followed-up for more than one year. At follow-up,
their shoulder score (JOA : Takagishi) ranged from 65 to 98 (mean : 87.8). All cases have
returned to their previous sports level with no recurrence. We conclude that surgical
treatment for this disorder can be successful to prevent recurrent dislocation in
athletes, if the conservative treatment tails.
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Introduction

The anterior glenoid rim is important for the
stability of the shoulder joint because it is the site
of attachment for the labrum and the capsulo-
ligamentous complex. A glenoid rim fracture as-
sociated with shoulder dislocation decreases not
only the bony restraint of the glenoid but also the
restraint provided by the labrum and the
capsulo-ligamentous complex. Accordingly a
glenoid rim fracture can lead to recurrent dis-
locations in the shoulder. We therefore consid-
er that the treatment of this injury should be dis-
cussed separately from that of shoulder disloca-
tion with no such glenoid rim fracture.

Materials and Methods

Between 1985 and 1994, we have seen ten cases
presenting a shoulder dislocation with a glenoid
rim fracture incurred through sports activities.

All cases were male. The dominant shoulder
was involved in 7 cases. Eight of the ten
presented a recurrent anterior dislocation of the
shoulder. The other two cases involved the in-
itial dislocation. All had given up their sports ac-
tivities because of pain and instability in the
shoulder.

Their average age at surgery was 24.2, with a
range of 17 to 34 years. A glenoid rim fracture was
noted pre-operatively in nine cases, and was
found until the joint was opened in the other.

Eight of the ten cases recieved arthroscopy to
evaluate the site and size of glenoid rim frac-

Type NU

non-union

Type FB
tree-body

Fig. 1
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ture, instability of the joint and condition of the
labrum, which was followed by open surgery ac-
cording to the systematic Bristow procedure. Af-
ter a deltopectoral incision, a 2 millimeter diam-
eter drill hole was made into the center of the
coracoid process which was then dissected by a
bone saw. Then the subscapularis tendon and
the joint capsule were incised transversely near
the insertion laterally, and were divided length-
wise parallel to the fibers being together.

The fracture site was exposed and examined
directly. If the fragment still existed at the frac-
ture site but had not united, it was referred to as
non-union type (type NU). On the other hand, if
the fragment existed in the joint as a free body,
it was refered to as free body type (type FB) (Fig.
1). Furthermore, the size of the fragment was es-
timated. The fragment was termed 'grade 1’ if the
fragment arc on the glenoid rim extended from
an angle of 15 degrees or less, and was
termed 'grade 2’ from an angle between 15 and
30 degrees. (Fig. 2).

The preoperative condition of the affected
shoulder was evaluated by Takagishi’s 100-point
shoulder scoring system for ability as an ath-
lete (30), pain (20), muscle strength (10), range of
motion (10), roentogenographic change (10) and
satisfaction (20).9 The average scores was 35.2,
with a range from 11 to 50. There was no signif-
icant difference in scores between type NU and
type FB, or between grade 1 and grade 2 frag-
ments.

During surgery each fragment were removed
because it was not sufficiently large nor suffi-
ciently fresh to be fixed.

After dissection, the coracoid tip was passed

Is-

»

o
7

Fig. 2
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fish-mouth technique

Capsyle was reattached to
the coracoid

Fig. 3 a, b

through the split between the subscapularis ten-
don and the capsule and was transplanted to the
fracture site with the attached conjoined ten-
don with an AO small cancellous screw. A
fish-mouth technique was used to facilitate the
union of the coracoid tip (Fig. 3-a). Any part of
the coracoid projecting from the joint was then
trimmed by a surgical burr to make the sur-

face flat and flush with the glenoid.

In one case, the glenoid defect was too large to
be repaired by only the coracoid tip, aniliac bone
was grafted before the coracoid transfer.

The detached labrum and capsule were then
attached to the periosteum of the coracoid tip
(Fig. 3-b).

The subscapularis tendon and the capsule

Case ‘Age at surg. No. of dislocations |Type of Fx.(width) Procedure Follow-up |[Preop. score Postop. score
YS 30 20[FB(1) |SB 9Y 1 1M : 50 86
HI 17 8INU(1) ISB 7Y 6M 32 74
AT 23 ) 20|FB(2) SB+iliac b.g. 7Y 1M 15 65
11 20| 20INU(1) SB 7Y OM 45 92
KY 22 SOIFB(2) SB 6Y 1M 50 90
TO 19 TSINU(1) SB 1Y 4M 43 95
KS 22 SOIFB(2) SB 1Y 1M 11 93
KO 24 20FB(1) SB 4Y 9M 33 98
KT 32 1INU(2) SB 7Y 1M 41 97|
1K 34 1INU(1) SB SM 32i*

* Not evaluated

Fig. 4

"
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N.S.
0.05
100 (p> )
]
il |
1 Mean 86.4
601 SD.12.7
. Mean 89.5
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207
o]
NU FB

iliac bone
graft

were reefed together it the joint revealed any joint
laxity during examination under general anes-
thesia.l)

An arm sling and a bandage for rib fracture
were applied for two weeks, then a range of mo-
tion exercises were begun.

Nine of the ten cases were followed-up for more
than one year and their objective results were
also examined using Takagishi’s criteria.

12

N.S.
0.05
1004 (p> )
807
603 Mean 89.0
1S.D.9.5 Mean 86.3
] S.D. 145
40+
207
o
1 2

Fig. 5

coracoid
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‘ iliac bone \‘\A
\ graft ‘
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Fig. 6

Results

There were 5 cases of type NU and 5 cases of
type FB. One type NU had not been found un-
til the joint was opened.

The size of the glenoid defect was ’grade 1’ in
six and 'grade 2’ in four. Nine of ten returned to
their previous sports activities and the remain-
ing case did not participate any sports in spite
of successful surgery and recovery.

A breakage in the screw occurred in three cases
because the coracoid tip was too long or was



Fig. 7a (L), b (F)

transplanted onto grafted bone from the pelvis
(Fig. 6). Notwithstanding the breakage, the
coracoid tip united fibrously and did not mi-
grate in these cases. Bone union was com-
pleted well in the other seven cases (Fig. 7-a,b).
The external rotation was limited to only 15
degrees in one case that had received an iliac
bone graft because it needed longer immobiliza-
tion after surgery, but the remaining nine cases
showed no apparent limitation in external rota-
tion. No osteoarthritic change was revealed
roentgenographically in any case.

Discussion

A glenoid rim fracture corresponds to a type
1 fracture in the Ideberg Classification 2, involv-
ing 7.8% of the cases of anterior recurrent dislo-
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cation of the operated series in our hospital. In
these recurrent dislocation cases, the fragment
is not usually fresh and too small to be fixed.
Therefore, we used the systematic Bristow
procedure34 for this disorder, which was
developed for a recurrent dislocation with a bony
Bankart lesion, and we gained satisfactory
results. We consider that a glenoid fracture
should be identified separately from a bony
Bankart lesion despite difficulty sometimes in
differentiating them. The glenoid fracture usual-
ly occurs at the time of the initial dislocation and
can lead to recurrent instability. In contrast, the
bony Bankart lesion is an abrasion of the ante-
rior glenoid, resulting from recurrent instabil-
ity. We made the diagnosis of a glenoid rim frac-
ture if the joint had a glenoid defect and also the
bony fragment fitted the defect.

There were two types of glenoid rim fracture
(type NU and type FB). The cases of type FB,
which dislocated more than 20 times preopera-
tively, were statistically independent of the to-
tal series (p (x*>6.67)<0.01) with regard to recur-
rent rate. These data indicate that type NU might
change into type FB with recurrent disloca-
tions. Eight cases of our ten cases were recur-
rent, and were initially treated conservatively
but dislocations continued to occur repeatedly.
Accordingly, we believe that a shoulder disloca-
tion with a glenoied rim fracture should be
treated surgically if conservative treatment fails.
However, it is sometimes difficult to achieve a
strong fixation because the fragment is small
and abraded in most cases, and so may re-
quire a prolonged immobilization after sur-
gery, which mightlead to contracture of the joint.

The systematic Bristow procedure permits re-
pair of a glenoid defect (as well as a Bankart le-
sion) that prevents any further recurrence of dis-
location. The transferred coracoid tip should not
be so long that it causes a breakage in the screw
and non-union of the coracoid tip.

Summary

1. A glenoid rim fracture associated with
shoulder dislocation in athletes should be
treated surgically if conservative treatment
fails.

2. The systematic Bristow procedure is recom-
mended to repair this lesion when the frac
ture fragment cannot be reduced and fixed.

13
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Effect of Hematological Changes immediately after
Marathon Competition in Middle-Aged Athletes
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® Abstract

The purpose of this study is to investigate the benefit, if any, of hematological
evaluations before and after long-distance running for middle-aged athletes. The
examinations were undertaken 10th World Veterans Athletic Meeting held in Miyazaki
1993. About twelve thousand athletes joined the meeting, and over five thousand
participated in the marathon race. The subjects of this study were one hundred and
four athletes, consisting of twelve female and ninety-two males. The results of blood
tests in middle-aged athletes revealed that the levels of CK, LDH and WBC were all
higher than normal prior to the marathon and were significantly increased immediately
after completing the marathon. HDL-cholesterol is known to be higher than normal in
many runners who have been training over a long time. Our findings suggest that CK
and LDH might also be useful parameters for evaluating training effects.
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Introduction

The purpose of this study is to investigate the
efficacy of using hematological parameters
measured before and after long-distance run-
ning to evaluate training effects in middle-age
athletes. The examinations were undertaken at
the 10th World Veterans Athletic Meeting held
in Miyazaki 1993, before and after the mar-
athon race.

Materials and methods

The subjects were one hundred and four
athletes;twelve were female and ninety-two were
male (Table 1).

The youngest female was thirty-five years old
and the youngest male was forty years old.

We performed blood examinations for these
104 athletes, before and after their events.

Before marathon race, forty-two males and
seven females were examined by a blood test. Af-
ter the marathon race, twenty-three males and
two females had a blood test.

The blood test consisted of a hemogram and ex-
amination of the blood chemistry including

Table 1 Subjects

Male Female
n 92 12
Age 53.3yrs 43.8yrs
Height 165.3cm 156.2cm
Weight 60.0kg 49.8kg

Table 2 Blood Test

1. Hemogram
WBC, RBC, Hb, Ht, MCV, MCH, MCHC

2. Blood chemistry
Total protein, GOT, GPT, LDH, ALP, CK, UA,
Cre., T-Bil, S-Iron, TIBC

16

creatine kinase (CK), lactate dehydrogenase,
white blood cell count, and HDL-cholesterol (Ta-
ble 2).

On the day of the marathon, the temperature
was higher than average and the weather was
changeable;beginning fair and sunny and then
becoming overcast and eventually raining. Drink
service for rehydration during the race was sug-
gested as in a depurate.

Results

1. Creatine Kinase (CK)

Sixty-five male and nine female marathon
runners showed on elevation in creatine kinase
(CK, male : 220.3IU/1 female : 135.3IU/1) in the
blood test before the competition. After the
marathon, CK was significantly higher than
before marathon (Fig. 1).

2. Lactate dehydrogenase (LDH)
LDH also significantly increased after the
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Fig.1 Creatine Kinase Levels
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Fig. 2 LDH Levels



marathon. Twenty-three (92%) twenty-five
males showed high LDH (631.91U/1) after the
competition (Fig. 2).
3. White Blood Cell
Many marathon runners showed a higher
than normal white blood cell count after mar-
athon. Seventeen (68%) of twenty-five males

/mm * *
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marathon marathon  Country * p<0.01

Fig. 3 White Blood Cell Counts
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Fig. 4 HDL-cholesterol Levels
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Fig. 5 Change in Blood Charactaristics (42 y.o. male)
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had a WBC count of over 10,000/ mm(Fig. 3).
4. HDL-cholesterol
The HDL-cholesterol levels prior to the race
were significantly higher than normal in the
long-distance runners(Fig.4).

Discussion

There are many reports on the cardiopul-
monary function and on the blood chemistry in
middle-distance and long-distance runners. In
this study, the characteristics of long-distance
runners were evaluated. Among blood com-
ponents, the HDL-cholesterol level was already
high, and the CK level was already markedly
high. Miyabayashi reported changes in the lipid
content according to training in long-distance
runners, with a decreased lipid content immedi-
ately after a rece. Higuchi et al. reported a higher
HDL-cholesterol and a lower neutral fat level in
long-distance runners than in normal controls.
On the other hand, Goto found that training ex-
ercise did not always lead to on increase in the
HDL-cholesterol level. In this study, the initid
HDL-cholesterol levels were higher than nor-
mal, but further studies are necessary to investi-
gate serial changes.

CK (creatine kinase) is closely involved in en-
ergy metabolism in skeletal muscles. CK was
markedly increased prior to the marathon. This
suggested a chronic burden on the muscle due to
daily hard training. It is possible that this
marked increase in CK above normal reflects a
maximum state of muscle training, since the val-
ue was markedly high, and the CK isozyme is
muscle-derived.

Costill et al. used the blood lactic acid concen-
tration after exercise as a measure of fitness,
while Shindo et al. used blood lactic acid (OBLA)
concentration of 4mM as an indicator. It is wide-
ly accepted that a level of 4mM blood lactic acid
(OBLA) concentration represents a maximum
for endurance running. The level of CK, as a
product of anaerobic energy metabolism, could
be a useful parameter for evaluating training ef-
fects and determining a runner’s physical condi-
tion. Further hematological studies are planned.

Fig. 5 shows the changes in blood chemistry of
a 42-year-old male runner after the marathon.
The CK level was higher after the competition.
This increase in CK may be related to muscle
damage. We also found that LDH increased dur-

17
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ing the actual marathon race.

The WBC count was elevated after the mar-
athon in our examinations. The day of the mar-
athon race was warmer than usual in this sea-
son and ’drink services’ were said to be inade-
quate for runners leading to dehydration dur-
ing the race. Also the high temperatures could
have increased mental and physical stress to
runners. We believe the dehydration and in-
creased stress were responsible for the ob-
served WBC elevation.

High HDL-cholesterol is probably due to reg-
ular training. It is recommended to evaluate the
blood chemistry before and after training for
athletes-especially for middle-aged athletes.

Conclusion

1. Immediately after marathon, the levels of
CK, LDH and WBC in middle-aged ath-
letes were all higher than normal.

2. Also, HDL-cholesterol was high for many
runners due to training over the long term.

3. Itissuggested that CK and LDH may be use-
ful parameters for evaluating training ef-
fects.
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Factors Involved in Life-Threatening
Downhill Ski Injuries
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®Abstract

Sixty cases of a life-threatening ski injury have been treated at the Critical Care and
Emergency Center of Iwate Medical University between 1985 and 1994. These cases were
each assessed as having an abbreviated injury score of at least 4 and were regarded
as life-threatening. 81.7% were males and 18.3% were females. The site of the injury was
the head in 25 patients and the neck in 12 patients, together accounting for 61.7% of the
total. Collision with an obstacle was the most frequent cause among young male and
the head was the most frequent site of their injury.

A fall on the slope was the most frequent cause among males at middle or advanced
age (mean age 41.9 years) and the cervical spine was the most frequent site of their
injury.

Those that had an interpersonal collision had an average age of 24 years and
consisted of more females than males.
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Introduction

In previous reports describing severe ski in-
juries, definition of severe injury has been vague
or subjective. Some involved an orthopedically
severe injury, such as a three ligament injury of
the knee, fracture of the femur or dislocation of
the hip, while others involved severe loss of time
from an occupation or school and were not
life-threatening. Here we adopt an objective or-
thopedic definition severity of the ski injury of
the using an abbreviated injury score AISYD, in
which cases scoring at least 4 are regarded as in-
volving life-threatening injury. The AIS now con-
stitutes an integral part of an internationally rec-
ognized scale for grading the severity of
anatomic injury following trauma.

Materials and Methods

Between 1985 and 1994, 1393 patients were ad-
mitted with a skiing injury, at the Critical Care
and Emergency Center of Iwate Medical Univer-
sity. Those cases that had an AIS of at least 4
were regarded as life-threatening cases, and are
reviewed here with respect to mode of injury, age,
sex, and the site of injury.

Results

The 60 patients consisted of 49 males [81.7%]
and 11 females [18.3%] (Table 1). Six [10%] were

in shock [heart rate/blood pressure>1]. In both
sexes, most patients were in the age range of 20-24
years old. The mean age of those who suffered
a collision with an obstacle, a fall on the slope,
and an interpersonal collision was 18.6, 41.9, and
24.0 years, respectively. The age distribution was
significantly different by mode of injury (p<<0.01,
estimated by Mann Whitney test).

The site of life-threatening ski injury was the
head in 25 patients and the neck in 12 patients,
accounting for 61.7% of the total. The site was the
chest in 9 patients, the abdomen in 10, and the
lower extremities or pelvis in 4.

Collision with an obstacle, such as a stand-
ing tree [19 cases] or a ski-lift steel post [4 cases],
occurred in 29 patients (58.0%). A fall on the slope
was the cause of injury in 18 patients (30.0%). A
collision with another skier was the cause in 11
(21.2%) patients.

Among the 29 injuries caused by a collision
with an obstacle, the head was affected in 16
cases [55.2%], the thorax in 5 cases [17.2%], and
the abdomen in 5 cases [17.2%] (Fig. 1). A colli-
sion with an obstacle resulted in death in 5 cases.

All 18 cases caused by a fall affected the up-
per body, 10 cases affected the neck [55.6%], 4
cases the head [22.2%], 3 cases the thorax [16.7%]
and 1 case [5.5%] affected the 18 interpersonal col-
lision was frequently complicated by a caused by
the sharp edge of the ski or by the laceration ski
pole, or by a collision with binding ski or person-
al belongings. The head was affected in 5 cases
[45.5%] and the abdomen in 4 cases [36.4%]. In-
juries to abdominal organs or vascular injuries
in the pelvis on lower extremities led to the on-

Table 1 The site of injury according to the mode of injury

Number of Injuries

Extremies- Mean

Mode of Injury Total Head Neck Thorax Abdomen “po i age (vears)
Total 1393 309 68 76 12 882 28.5
Life-threatening 60 25 12 9 9 4 23.5
injury cases
Collision with 29 16 1 5 5 2 18.6
an obstacle
Collision with 11 5 1 4 1 24.0
another skier
Self-inflicted fall 17 4 10 3 419
Others 3 1 1 1 21.0
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Figure 1 : Age distribution and site of injury according to the mode of injury. a dotted line indicates median age
according to the mode of injuries. H: head injury. N: neck injury.

set of shock in 4 cases. Six of the 11 female
patients had an interpersonal collision.

Discussion
Most previous reports of injuries to the head,

neck 23, and thoracoabdominal regions45 as
well as the related deaths68 have emphasised

that severe ski injury among young people was
caused by a collision with an obstacle. Our find-
ings, however, demonstrate that life-threatening
injuries are caused not only by collision with an
obstacle but also by falls and interpersonal col-
lisions, and that the features of life-threatening
injury by a fall or an interpersonal collision were
different from those by collisions.

A cervical spine injury in male skiers of mid-
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dle or advanced age was most frequently caused
by a fall. The biomechanceal natural weaken-
ing of muscle and the skeletal frame due to ag-
ing is an important element in cervical spine in-
juries. Oh et al. reported that 5 of 18 patients that
sustained a cervical spine injury were over the
age of 40 years.? Also the injury occurred due to
a fall in 12 (67%) of their patients.

In Japan, 24.8—30.6% of skiing injuries are
caused by a collision with another skier 9, rank-
ing just below falls. This rate is significantly
higher in Japan than in the USA 19, and this may
be due to there being no established skiing rules
in Japan with safety being the responsibility of
the individual skier. To reduce the incidence of
injuries resulting from collisions with other
skiers, clear skiing rules and restrictions in ad-
mission to skiing grounds according to each lev-
el are needed.

References

1) CivilID et al. : The abbreviated injury scale,
1985 Revision : a condensed chart for clin-
ical use, J Trauma, 28 : 87-90, 1988.

2) Myle ST et al. : Injuries to the nervous sys-
tem and spine in downhill skiing. Can J Surg,
35 : 643-648, 1992.

3) Oh S : Cervical injury from skiing. Int J
Sports Med 5 : 268-271, 1984.

4) Gregory J etal.: Thoracic and abdominal in-
juries in skiers : the role of air evacuation. J
Trauma, 23 : 844-848, 1983.

5) Scharplatz D et al.: Thoracoabdominal trau-
ma in ski accidents. Injury, 10 : 86-91, 1979.

6) Morrow PL et al. : Downhill ski fatalities: the
Vermont experience. ] Trauma, 28 : 95-100,
1988.

7) Sherry E et al. : Death associated with ski-
ing in Australia : a 32-year study of cases
from Snowy Mountains. Med J Aust, 149 :
615-618, 1988.

8) Takakuwa T et al. : Causal factors in Four
Accidental Deaths Causes by Skiing In-
juries. Jpn J Orthop Sports Med (in press ; in
Japanese).

9) Takakuwa T et al. : Skiing injuries caused
by collisions with other skiers. Clin Sports
Med, 11 : 6 ; 706-711 (in Japanese).

10) Jenkins R et al. : Collision injuries in down-
hill skiing. In : R. Johnson et al. (eds) Ski-
ing Trauma and Safety : Fifth Internation-

22

al Symposium. American Society for Test-
ing and Materials, Philadelphia : 358-366,
1985.



BARKEVOLI5 NO4 421

Motion Studies of the Gleno-Humeral Rhythm Using
a VICON Motion Analysis System

VICON YR T ALIZK B H LB X LDENEREM
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®Abstract

Our previous studies using X-ray computed tomography suggested that the scapula
made co-ordinated movements with the humerus, involving a gleno-humeral rhythm
in movements other than in elevation of the arm. In the present study, we employed
a VICON Three-dimensional Motion Analysis System (NAC) to further investigate the
motion of the scapula occurring in coordination with movements of the upper
extremity. In two males with K-wires attached to their scapulae, we examined 1) the
flexion and extension of the upper extremity horizontally, 2) pushing and pulling
motions, and 3) golf swing motions. In each case, the scapula demonstrated a wide range
of coordinated motion that indicated a gleno-humeral rhythm with each of the various
movements of the upper extremity. Although the rotator cuff is important anatomically
as an active muscle of the shoulder joint, we found the muscle group between the
scapulo-thorax was more important as the power source, while the rotator cuff
functioned as a stabilizer for the gleno-humeral joint.
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Introducution

In routine clinical practice, it is well known and
very important that the scapula makes
co-ordinated movements with the humerus dur-
ing elevation of the arm, in a gleno-humeral
rhythm. However, in studying the motions of the
upper extremity other than the elevation of the
arm, the scapula has often been neglected be-
cause the gleno-humeral joint has a much wider
and freer range of motion, and there are difficul-
ties in analysing the movements of the scapula
and clavicleD23). In recent vyears, three-
dimensional analyses using a computer have
been employed to study the biomechanics of the
shoulder joint, but few have attached any signif-
icant importance to the scapula.

In males aged in their thirties, we measured the
achievable rotations of the spine, and the adduc-
tion and adduction of the scapula using X-ray CT
Scans. The average rotation angle of the spine
was 24 degrees, while that of the scapula against
the thorax was 53 degrees, this means that the
scapula has approximately twice the range of
motion of the spine4. In a simulation of golf
swings, the scapula on X-ray CT showed a range
of motion of approximately 30 degrees. More-
over, the surface electromyograms of the
swing-motion revealed marked electric dis-
charge from the trapezius and rhomboideus
muscles, lying between the scapulo-thorax .
Thus, we believe that the motions of the scapula
should be taken into consideration when analyz-
ing the motions of the upper extremity, other
than elevation of the arm. We have also found
that the motion range of the scapula decreased
greatly with ageing.

Here we have used a VICON Three-dimen-
sional Motion Analysis System (NAC) to identi-
fy the dynamic motions of the scapula.

Subjects and Methods

Two healthy males both aged in their thir-
ties, and both of whom each had a golf hand-
icap of approximately 18, volunteered as the sub-
jects, with full consent. Taking into account the
possible affect on their skin, either 1.2mm or
1.5mm K-wires were inserted into the scapula un-
der local anesthesia (Fig. 1). The VICON sys-
tem was then employed to examine (1) the mo-
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Fig. 1 K-wires were inserted into the scapula and
protruded from the skin

tions of the scapula occurring with the mo-
tions of the arm in the horizontal plane; (2) the
general pushing and pulling motions that often
occur in daily life; and (3) the scapula motions
during golf-swings with a short iron, as repre-
sentative of common sporting activity.

Resuslts

(1) The movements from maximal flexion to
maximal extension of the humerus and scapula
were examined in the holizontal plane, viewed
here from the top (Fig. 2-a). In appearance, as the
humerus moved through approximately 180
degrees, the scapula moved through approxim-
ately 50 degrees (Fig. 2-b). Thus, gleno-humeral
rhythm was demonstrated in the horizontal
plane during elevation of the arm.

(2) The pushing and pulling motions between the
humerus and the scapula were found to be cor-
related (Fig. 3). The scapula and humerus clear-
ly showed gleno-humeral rhythm, particularly in
the horizontal and coronal planes.

(3) Golf-swings were also examined, viewed here
from the top (Fig. 4-a,b). During the first half of
a back swing, the rotation of the left scapula was
more than that of the thorax. Then, during the
second half, they reached the top almost as a sin-
gle body (Fig. 4-¢,d).

In the forward swing, the rotation of the tho-
rax preceded the acapula. Immediately before
impact, the scapula had caught up and was then
ahead of the thorax. Fig. 4-d shows the correla-
tions between the angular velocities of the tho-
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Fig. 2 The movement of maximal flexion to maximal extension:

rax and the left scapula. The angular velocity

was found to be highest at the left acapula dur- Discussion

ing the first stage of the forward swing. The an-

gular velocity of the thorax during the In the anatomical structure of the human body,
forward-swing showed three peaks. the most significant difference between the up-

per and lower extremities is that the lower ex-
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tremity is only related to the hip joint, while the
upper extremity is more complex, and is con-
nected to the gleno-humeral, scapulo-clavicular,
sterno-clavicle joints and moreover, the scapulo-
thoracic joint. The upper extremity skeletally is
connected to the body only through the clavicle.
The extremity appears to be suspended from the
cervical part by a group of muscles including the
trapezius muscle. It is documented in many
reports that the scapula ifself has a wide range
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of motion in various directions 6 7. This is fun-
damental knowledge in routine clinical prac-
tice. However, motions other than of elevating
the arms, such as the motion of throwing a ball,
have previously been analysed assuming the
shoulder girdle to be the gleno-humeral joint and
the scapula itself to be fixed to the thorax. Thus,
movements of the scapula have been neglect-
ed.

From the results obtained in this study, using
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Fig. 5 Rotation of scapula, thorax and pelvis in a golf swing

the VICON Motion Analysis System, we have
confirmed that the scapula shows markedly
smooth coordinated movements with the
humerus occurring with motions other than the
elevation of the arms, and we believe that these
movements of the scapula should not be neglect-
ed. Fig. 5 shows each rotation of the scapula, the
thorax, the spine and the pelvis during
golf-swings. At the end of the back swing al-
most at the top position, the motion of the spine
stopped first and that of the scapula then
stopped slightly later. Before and after the end
of the scaplula motion, the thorax and the spine
started their motions for the forward swing.
Thses time differences in motion between the
scapula and both the thorax and spine max-
imizes the extension of muscle fibres between the
scapula and the thorax (the left trapezius mus-

Serratus anterior
(thoracic-abdominal)

cle and the rhomboideus muscle for a
right-handed person); thus, suscle force is fully
utilizes. This allows the maximum potential
muscle force to be reserved at the top point of a
swing for its subsequent burst or shot.

Next, the rotator cuff is discussed from the
viewpoint of comparative anatomy. When atten-
tion is directed to the shape of the scapula, rep-
tiles have no protuberance equivalent to a
scapular spine, but all mammals that ap-
peared later have a scapular spine. The scapular
spine evolved so that the supraspinatus and in-
fraspinatous muscles functioned separately and
independently. Since many of the mammals are
four-footed, their daily movements, such as prey-
ing on other animals and fleeing from natural
enemies, are considered to be related to this ev-
olution. There movements suggest that the mus-

Trapezius and
" Rhomboideus

e

_.---Supra and
Infraspinatus

N,

*Subscapularis

Fig. 6 The muscles that support the body are the muscles between the scapula and thorax in four-footed animals
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cle tendon which constitutes the rotator cuff
results from the evolution of quick and effi-
cient direction changing while running. In addi-
tion, in many four-footed animals, the clavicle is
degenerated or has disappeared. Therefore, the
most important muscles that support the body
are the muscles between the scapula and the tho-
rax; the trapezius muscle and the anterior
(thoracic-abdominal)-serrate muscle. The rota-
tor cuff does not appear to be a strong support
muscle (Fig. 6). In the human body, the upper ex-
tremity and the shoulder girdle are merely con-
nected by a small clavicle when observed from
the viewpoint of the skeletal structure. There are
clavicles in mammals such as mice and rab-
bits which move to horizontally extend the
forelegs. Considering these facts, the clavicle is
not a bone which supports a strong movement,

but rather has the function to let more sophisti-
cated fingers work accurately and with stabil-
ity. Primarily, the gleno-humeral joint itself is
only shallowly connected, and any instability is
liable to cause a problem. Therefore, to enable
a strong movement in the human body, a stabi-
lizer for the gleno-humeral joint is required.
For the human rotator cuff, it is generally un-
derstood that the subscapular muscle makes in-
ternal rotations, while the infraspinatus mus-
cle and the teres minor muscle make external
rotations. This is because the human walks in an
erect posture and bending and abduction of the
shoulder joint at zero degrees is specified as the
human basic position. Because of the orienta-
tion of the muscle fibres, the internal and exter-
nal rotation forces of the rotator cuff decrease as
the arms are elevated higher and approach the

1) Abduction and Flexion are O degrees

Rotator cuff

Il
rotator

2) Zero position

Rotator cuff

Il
stabilizer

Infraspinatus and
Teres minor muscle

Infraspinatus and
Teres minor muscle

Fig. 7 The relation between rotator cuff and gleno-humeral joint
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zero position (Fig. 7). This indicates that the in-
ternal and external rotation forces by the rotator
cuff alone greatly depend on the elevation an-
gle of the gleno-humeral joint. However, de-
spite their staying at the zero position, the for-
ces of the internal and external rotations
generated by the human body has not become re-
duced, and we have found that the peak torque
value was quite large, and was not zero as pre-
viously suggested.

In daily life, the human body exerts strong for-
ces in movements for sports or martial arts, such
as pitching, hitting, pushing, and striking. Based
on their experience, haseball coaches generally
instruct their players when throwing a ball, not
to lower the elbow and to raise the gleno-humeral
joint. However, raising the gleno-humeral joint
decreases the internal and external rotation for-
ces of the rotator cuff alone and thus it is not ra-
tional to let the rotator cuff serve the internal and
external rotations during the throwing move-
ment. This suggests that the primary function of
the rotator cuff is not the daily internal and ex-
ternal rotations.

As the rotator cuff decreases its function as a
rotator as the gleno-humeral joint approaches
the zero position, we postulate that the four
rotator cuffs function in a co-ordinated man-
ner so that the humerus is stabilized with the
glenoid. In movements such as throwing and
making a swing, where large motions and loads

Infraspinatus and
teres minor

Supraspinatus”

Subscapularis

Trapezius and

B R VOL.15 NO4 429

are involved, each rotator cuff does not simply
function independently as a muscle for inter-
nal and external rotations, but rather its prima-
ry function is to stabilize the gleno-humeral joint
for the purpose of increasing the efficiency of the
muscles between the scapula and the thorax; the
trapezius muscle, the rhomboideus muscle, and
the anterior serratus muscle among others (Fig.
8).

Accordingly we suggest that the rotator cuff is
not a rotator, but that it transmits force originat-
ing from the spine as a stabilizer for the
gleno-humeral joint. If the rotator cuff were used
as a rotator, then its efficiency would depend on
the angle of the gleno-humeral joint. Moreover,
the gleno-humeral joint would be unstable and
the force originating from the body would not be
fully transmitted.

Using X-ray CT, we observed that the inter-
nal and external rotations of the humerus oc-
curred at the same time with pronation and
supination of the forearm, while the elbows were
in extension. This observation has been previ-
ously reported by Kapandji 9. However, this mo-
tion enables the internal and external rotations
of the humerus, though passive, without using
the rotator cuff which is the original internal and
external rotator of the gleno-humeral joint (Fig.
9). In order to analyse accurately the motions of
the shoulder joint, it is necessary to study the rel-
ative positions and motions of the elbow joint

Pectoralis major

Rhomboideus

Fig. 8 Rotator cuff is not rotator but stabilizer
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Pro-Supination makes rotation of

gleno-humeral joint

Infraspinatus and
Teres minor muscle

Rotator cuff is not rotator

but stabilizer

Fig. 9 Correlation between pro-supination of the forearm and rotator cuff

and of the forearm as well as to evaluate the
scapula.

In golf, since a ball is placed on the ground, the
player swings with the gleno-humeral joint
lowered. Thus, the rotator cuff tends to func-
tion as an active muscle rather than as a
stabiliser. Indeed, the motions of the
gleno-humeral joint are not made by the rotator
cuff even though internal and external rota-
tions are involved, rather they occur with the
pronation and spination of the forearm especial-
ly in advanced golf-players. It has been sug-
gested that the main movements of the
gleno-humeral joint are in the vertical plane.
Common advice in baseball and in golf from ad-
vanced players and coaches is that you should
keep the elbows at a high position, and then hit
the ball downward. This provides that the inter-
nal and external rotations of the rotator cuff be
avoided in the gleno-humeral joint during the
early stage of the forward swing. The same
mechanism is observed in tennis and in other
similar sports.

In routine clinical practice, a costal fatigue
fracture that occurred during a swing move-
ment is suspected to have occurred when the rap-
id, and large motion of the scapula was catch-
ing up with and then getting ahead of the mo-
tion of the thorax, when excessive contraction
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was applied to the anterior serratus, trapezius
and rhomboideus muscles. Thus the fragile site
from the point where the anterior serratus mus-
cle of the costal bone ends to the costal tuber-
cle, at the spinous process at the origin of the
trapezius muscle, if fractured (Fig. 10).

Conclusion

The VICON system was used to investigate the
motions of the scapula during various motions
of the upper extremity. The roles of the rotator
cuff and the muscles around the shoulder joint
were examined from the viewpoints of function
and comparative anatomy, in relation to their
roles in baseball and in golf. Furthermore, the in-
volvement of the motion of the scapula in the or-
igin of costal fatigue fracture was discussed.
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®Abstract

We report a total of 323 cases of a snowboarding injuries that occurred during the
past six winters, and were treated at the Critical Care and Emergency Center Iwate
Medical University or at one or other of two Ski Resort clinics. The number of patients
approximately doubled each year. 134 of the injuries involved the upper extremities,
109 involved the lower extremities 48 involved the head or neck, and 32 involved the
trunk. The incidence of an injury to the lower half of the body was significantly more
frequent on the left than on the right side (74 vs 35 cases, p<0.01). In the lower
extremities, the most frequent type of injury was a sprain, occurring in 66 cases. A
fracture was the second most frequent injury to the lower extremities. The most
common site of injury in the lower extremities was the ankle, occurring in 51 cases. In
the upper extremities, an injury to the shoulder joint was the frequent, occurring in 45
cases, followed by an injury to the wrist joint, (occurring in 41 cases). Although
snowboarding has been suggested to be similar to skiing, the characteristics of the
injuries related to the two sports differ considerably.
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Introduction

Snowboarding was introduced in Japan in the
late 1970s following innovations in skitechnol-
ogy. The number of snowboarders, especially
among the younger generation, has rapidly in-
creased in Japan over the past several years, with
a parallel concomitant increase in the inci-
dence of associated injuries. Only a few snow-
board injuries have been reported !4, and their
characteristics have not been described in de-
tail. Here report the results of our survey of 323
patients presenting a snowboard-related injury
over the past 6 years.

Materials and Methods

We studied 323 patients who were treated for
snowboard-related injuries treated at the Appi
Ski Resort Clinic, at the Hachimantai Ski Re-
sort Clinic or at the Critical Care and Emergen-
cy Center at Iwate Medical University during the
six winter seasons 1988/89 through to 1993/94. We
analyzed the following variables : year of treat-
ment, age and sex of the patient, mode of inju-
ry, and diagnosis. Diagnosis was determined
from the medical records. Whenever possible, a
questionnaire was completed by the injured
snowboarders during hospitalization, or by a ski
patrol staff member of the ski resort, describ-
ing the patient’s snowboarding skills, the es-
timated speed at which injury was sustained,
and the prevailing conditions.

The patients were divided into the following
four categories of snowboarding skill: ‘begin-
ners’ with limited experience who could not eas-
ily negotiate a slope ; ‘novices’ with 1-2 years’ ex-
perience and who could negotiate a slope ; ‘inter-
mediate’ snowboarders with three or more years’
experience and who could negotiate an interme-
diate or steep slope ; and ‘advanced’ snowboar-
ders whose skills were as good as those of snow-
boarders who compete professionally.

The speeds at which the injury was sus-
tained were classified into the following three
categories, as well as the ‘stopped’ state; ‘low
speed,” at which the snowboarder can immedi-
ately stop,‘safe speed’, which is self-controllable;
and ‘reckless speed’, which is uncontrollable.

The prevailing conditions were as follows : 1)
The slope was classified according to gradient as
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one of three types ; low (0 to 9 degrees), interme-
diate (10 to 19 degrees), and steep (20 to 29
degrees). 2) Snow on the slope was classified into
four categories ; fresh snow, wet snow, sugar
snow, and frozen slope (Eisbahn). 3) Condition of
the slope surface was classified into four types :
smooth, rough, gapped, and deep snow-covered.
4) The weather at the time of injury was classi-
fied into four categories: fair, cloudy, snowing,
and rainy. 5) Visibility was described as one of
three categories: good, slightly poor, and poor.

Any difference in the incidence of injuries be-
tween the left side and the right side of the body
was investigated using Student’s t test, and a
probability level p<0.01 was regarded as statis-
tically significant.

Results

The present study examinel a series of 323
patients, 97 of whom were treated at the clinic of
Appi Ski Resort, 191 of whom were treated at the
clinic of Hachimantai Ski Resort, and 68 of whom
were treated at the Critical Care and Emergen-
cy Center at Iwate Medical University with and
overlap of 33 who were treated at two of these.
The questionnaire was completed by 278 patients
(giving a return rate of 86.1%). Their ages var-
ied from 13 to 39 years with amean age of 22 years
(Fig. 1). The number of patients approximately
doubled each year. Males outnumbered females
(236 to 87) overall and the male/female ratio in
fiscal 1993/4 was about 3 : 1 (Fig. 2).

Mode of Injury

A self-inflicted fall on the slope was the most
frequent cause of the injury (268 cases). A colli-
sion with another skier or snowboarder was the
cause of injury in 34 patients, and a collision with
a tree outside the ski course was the cause in 13
patients. Eight patients sustained injury relat-
ed to fatigues. Bindings were not released when
the injury occurred in any of the cases.

Snowboarding skill and speed at which inju-
ry was sustained
Of the 278 patients who completed the question-
naire, 91 were beginners, 87 were novices, 76 were
intermediate and 24 were advanced snowboar-
ders. Sixty-four sustained the injury while rid-
ing at a reckless speed, 173 while riding at a safe
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Fig. 2 Incidence of snowboarding injuries between 1988/9 and 1993/4. The number of patients
approximately doubled annually. The male/female ratio in fiscal 1991 /2 was about 3:1
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speed, and 34 while riding at a low speed. Sev-
en patients sustained injuries while in the
“stopped” state.

Conditions at the Time of Injury

The injury occurred most frequently on an in-
termediate slope (170 cases), while an injury on
a low slope occurred in 98 patients. Ten patients
sustained the injury on a steep slope.

More injuries were sustained in fresh snow
than in any other type of snow (111 cases).
Sixty-nine patients sustained the injury in fro-
zen snow. 67 in wet snow, and 31 in sugar snow.

Regarding the surface condition of the slope,
the injury was sustained most frequently (185
cases) on a smooth surface. Fifty patients sus-
tained the injury on a rough surface, 40 on an ir-
regular surface, and 3 on a deep snow-covered
surface.

One hundred and fifty injuries occurred when
the weather was fair, 65 occurred when it was
snowing; 61 injuries occurred during cloudy
weather, and 2 injuries were sustained during
rainy weather.

Visibility was good in 215 cases, slightly poor
in 52 cases and poor in 11 cases.

Site and Type of Injury

Snowboarding injuries involved the arms in
134 (41.5%) of 323 cases, the lower extremities in
109 (33.7%), the head and low neck in 48 (14.9%),
and the trunk in 32 (9.9%) (Table 1). The inci-
dence of an injury to the lower half of the body
was significantly higher on the left side than on
the right side (74 vs. 35 cases : p<0.01). An inju-
ry to the ankle joint was most frequent (51 cases),
followed by an injury to the knee joint (32 cases).
A sprain was the most frequent type of injury (66
cases), followed by a fracture (28 cases) and then
a contusion (12 cases).

There was no difference in the incidence of an
arm injury between the left side and the right
side. An injury around the shoulder, acro-
mioclavicular joints, or clavicle was the most
common among injuries to the upper ex-
tremities (45 cases), followed by an injury to the
wrist joint (41 cases), and then the elbow joint (20
cases). A fracture was the predominant type of
injury to the upper extremities, occurring in 61
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patients, 29 of whom had a fracture in the wrist
joint. A dislocation occurred in 34, and a contu-
sion in 14. The head and neck injuries con-
sisted of 32 lacerations, 13 contusions, 2 sprains
and 1 fracture.

An injury to the trunk or central body oc-
curred in 32 cases, 22 on the ventral side and 10
on the dorsal side. Twenty of these injuries were
contusions, 7 were rib fractures, 4 were compres-
sion fractures in the first lumbar vertebra, and
1 was a laceration.

Discussion

We found a higher incidence of injuries to the
upper half than that to the lower half of the body,
as previously reported in Japan%. Previous
reports other than in Japan had indicated an
equal incidence of injuries to the upper half and
the lower half of the body 1.

We think the reasons for this discrepancy are
as follows : 1) snowboarders need not go onto
deep snow, as the slope is smooth and well pack-
ed at the Hachimantai Resort, as well as at oth-
er ski grounds in Japan. Whenever they fall down
therefore, it is seldom that their boards are
caught in the snow so their legs are seldom
twisted. Movement of the legs at the time of the
fall is restricted since the feet are fixed to the
board with bindings, so any direct impact is
transmitted to points in the upper half of body
including the head, chest, shoulder, elbow, and
wrist ; 2) we found that injuries often occurred
falling after trying to do a “trick jump” on the
slope4 5. In this situation, snowboarders fall for-
ward or backward, and place their hands on the
slope for protection ; 3) a collision was the cause
of injury in 18.7% of the cases. A collision usual-
ly involves the upper half of the body, as
demonstrated in previous studies of skiing in-
juries 6 7. For preventing injury to the wrist, it is
recommended that in the case of a fall then the
hands are made into clenched fists. Also, wear-
ing gloves with wrist reinforcement would help
prevent injury to the wrist.

A injury to the left leg was significantly more
frequent than to the right-leg. In Japan, 84.6% of
snowboarders favor their left leg as the front
leg.4 Rapid deceleration experienced in an acci-
dent presumably exerts more stress on the left
leg (front leg) than on the right. 14 The ankle joint
was the most common site of injury, and sprains
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Table 1 Snowboarding Injuries by type and part of body affected

Part of body Total Fracture ~ Sprain Contusion Laceration Dislocation

Head & neck 48 1 2 13 32

Central body 32 11 20 1

Arm 134
Clavicle 11 10 1
Shoulder 45 18 1 7 10
A-C Joint 16 16
Upper arm 9 5 1 3
Elbow 20 4 6 3 7
Forearm 9 9
Wrist 41 29 12
Hand 10 4 3 1 1 1

Right leg 35—,
Thigh 2 1 1
Knee 14 11 3
Lower leg 7 3 1 3
Ankle 10, 6 4

. * *

Foot 2 1 1

Left leg 74 —
Hip 1 1
Thigh 4 1 3
Knee 18 17 1
Lower leg 10 10
Ankle 41—J 6 32J 2 1
Total 323 101 91 58 38 35

The difference between the incidence of injuries in the left side and the right side
of the body in was estimated by Student’s test. *.p<0.01

were the type of injury that occurred most fre-
quently. While both soft-type and hard-type
snowboarding boots are now sold in Japan, 73.4%
of snowboarders choose the former, while the lat-
ter is chiefly used by competitive snowboar-
ders 4. The use of hard-type boots may contrib-
ute to more severe injuries to the ankle joint.
Bladin et al has proposed that beginners use hy-
brid or soft-shell boots to reduce the severity of
any ankle injury ®. Further studies are needed to
determine the most appropriate footwear.
While Abu-Laban et al.2 reported that snow-
boarders frequently sustained an injury to the
spinal column due to the tendency to fall back-
wards, we encountered only four such injuries

(1.3%) in the present study, indicating that the
spinal column was not a common site of snow-
boarding injuries.

Although skiing and snowboarding are sim-
ilar sports, differences in the riding mode and the
equipment used contribute to differences be-
tween the characteristics of the related in-
juries.l4)

For example, as previously mentioned, snow-
boarders frequently sustain injuries to the an-
kle joint. Knee injuries are infrequent among
snowboarders but common among skiers.
Lacerations scarcely occur in snowboarding ac-
cidents, which may be attributable to the fact
that the bindings are not designed to loosen au-
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tomatically, thus decreasing the chance of con-
tact with the edge of the board. Injuries to the
thumb, which were frequent in skiers, are un-
usual in snowboarding, since no poles are used.

An epidemiological comparison of ski in-
juries with snowboarding injuries, in Iwate Pre-
fecture 910, revealed the following similarities in
the characteristics of the injuries they occurred
primarily in males aged 20 to 25 who were rid-
ing at a safe speed on smooth, median slopes cov-
ered with fresh snow, during fine weather with
high visibility, and were usually caused by a fall.

Whereas novices and intermediate skiers ac-
count for three-fourths of all patients with ski in-
juries in Japan, unskilled beginners and novice
snowboarders comprise two-thirds of all
patients with snowboarding injuries.®1) This
probably reflects the fact that most snowboar-
ders in Japan are lacking in experience and have
yet to leam relevant techniques.

The number of snowboarders in Japan, es-
timated by the Japan Snowboard Association ac-
cording to the number of snowboards sold, was
60,000 in fiscal 1988, 100.000 in 1989, 150,000 in 1990,
200,000 in 1991, and 300,000 in 1992, showing a
five-fold increase over a five-year period. The oc-
currence of snowboarding injuries rose in pro-
portion to the annual increase in the number of
snowboarders. In Japan, fundamental statistics
of snowboarding injuries remain inconclusive,
thus making in difficult to evaluate with accura-
cy the epidemiology of snowboarding injury. As
their incidence increases, further investigation is
needed in order to provide more conclusive in-
formation.
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A High Longitudinal Arch of the Foot as a Causative

Factor of Retrocalcaneal Bursitis
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®Abstract

To identify morphological causes of retrocalcaneal bursitis, a radiographic study
was performed on fifty feet of twenty-eight patients with symptomatic retrocalcaneal
bursitis and on sixty-three normal feet of thirty-nine subjects. All the patients had
associated Haglund deformity. Accurate lateral weight-bearing radiograms were taken
and examined using Yokokura’s method. The mean values of the height of the points
on the medial longitudinal arch and the mean value of the angle between Yokokura’s
base line and a tangential line to the posterior surface of the bursal projection in the
retrocalcanel bursitis group were larger than in the normal group. These findings
suggested that the morphological cause of retrocalcaneal bursitis was a high
longitudinal arch in the foot, which induced dorsal rotation of the calcaneus and caused
the bursal projection to protrude posteriorly.
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Introduction

Retrocalcaneal bursitis is commonly seen in
sports clinics. Although radiological studies
have been performed to investigated the mor-
phological causes of this condition, no consen-
sus has yet been reached 8. We have thought
that an evaluation of only the shape of the cal-
caneus was insufficient. Therefore, using accu-
rate weight-bearing radiograms, we have
evaluated the longitudinal arch and the shape of
the calcaneus from the view-point of the whole
foot and obtained a new concept.

Materials and Methods

Fifty feet of twenty-eight patients (16 females,
12 males) with symptomatic retrocalcaneal bur-
sitis and sixty-three normal feet of thirty-nine
subjects (21 females, 18 males) were examined.
All the patients had associated Haglund deform-
ity 9. The ages of the subjects were all under 30
years, with an average age of 20 years for the
patients and 22 years for the controls.

Radiographic Technique

Lateral weight-bearing radiograms were
taken while the patient stood on one leg!l0
(Fig. 1). The patient was permitted to use a rail
on the radiographic table for support and was in-
structed to keep the lower limb vertical to the ta-
ble. The axis of the foot was kept parallel to the
cassette as suggested by Yokokurall. The X-ray

Cassette

\Yi

beam was projected from the lateral to the me-
dial side from a distance of 100 cm. The center
of the X-ray was the point of intersection be-
tween the floor line and a perpendicular line from
the tip of the lateral malleolus.

Evaluation Methods

Yokokura’s method!) for measuring the
height of the medial longitudinal arch was used
to evaluate the structural features of the foot.
Yokokura’s base line was drawn between the
lowest points of the calcaneus and the medial
sesamoid (Fig. 2). The midpoint of the first-
cuneio-metatarsal joint, the naviculo-first- cune-
iform joint and talo-navicular joint were marked
L, N and C, respectively. The height of each point
from the base line was obtained using a digitizer.
To standardize the measurements despite dif-
ferences in the size of the foot, the values were
expressed as a percentage of the length from the
origin to the lowest point of the medial sesamoid.

As for the angular measurements, the angle
described by Fowler and PhilipD (FP angle),
which is formed between the posterior surface
and the plantar surface of the calcaneus, was
measured (Fig.3). It is found by producing the
line drawn between the most prominent point of
the bursal area and the greatest posterior projec-
tion of the posterior calcaneal tuberosity, to meet
a tangential line of the undersurface of the cal-
caneus. The angle mentioned by Steffensen and
Evensen 2 (SE angle), which is formed between
the line from the hindmost point of the posterior
calcaneal tuberosity to the sinus tarsi and the
line from the former point to the posterosuperior

X-ray

Center of X-ray

Fig. 1. Technique for a weight-bearing lateral radiogram of the foot. (Mizuno 1973)

42



I

Fig. 2. Diagram showing the points described by
Yokokura, which were plotted on the medial
longitudinal arch of the foot. L = the
midpoint of the first- cuneio-metatarsal joint,
N = the midpoint of the naviculo-first-
cuneiform joint, and C = the midpoint of the
talo-navicular joint.

BPI angle

FP angle

Fig. 3. Diagram showing the angles that were
measured. FP angle = the angle noted by
Fowler and Philip, SE angle = the angle
noted by Steffensen and Evensen, BPI
angle = bursal projection inclination angle,
and CP = calaneal pitch.

edge of the bursal projection, was also meas-
ured. The calcaneal pitch, which is the angle be-
tween the base line and the tangential line of the
undersurface of the calcaneus, and the first
metatarsal inclination angle 12), which is formed
by the base line and the axis of the first metatar-
sal, were measured.

Beside these angles, we proposed the bursal
projection inclination angle (BPI angle) which is
the angle between the base line and the line from

B2 HREEE VOL.15 NO4 440

the most prominent point of the bursal area to
the greatest posterior projection of the posterior
calcaneal tuberosity. The latter line was the
same as noted by Fowler and Philip V.

Regarding other measurements, Pavlov et al 6)
described parallel pitch lines. They are con-
structed by dropping a perpendicular line from
the posterior lip of the talar articular onto a line
that joins the medial and anterior calcaneal
tuberosities (PPL1). A parallel line is drawn from
this posterior lip (PPL2). The portion of bone
above this line consists of an abnormal bursal
projection. We proposed a protrusion rate of the
bursal projection, which is the height of the
posterosuperior edge of the bursal projection
from PPL2, expressed as a percentage of the
length from the lowest point of the calcaneus to
the lowest point of the medial sesamoid (Fig. 4).
Positive values indicate that the posterosuperior
edge is located over PPL2 and negative values in-
dicate that it is located under PPL2.

Statistical Study

An independent two-tailed Student’s t test was
used to estimate the significance of the differ-
ence in the angles, the protrusion rate, and the
height of the points, L, N, and C. A probability
level of 0.05 was taken as significant.

PPL2

/

PPL1

Fig. 4. Diagram showing the method for measuring
a protrusion rate. PPL1 = parallel pitch
line 1 and PPL2 = parallel pitch line 2. A =
the height of the portion of bursal projection
above PPL2. The unit is the percentage of
the length from the lowest point of the
calcaneus to the lowest point of the medial
sesamoid.
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Results

The mean values of the height of points L, N,
and C in the retrocalcaneal bursitis group were
significantly higher than those in the normal
group (Fig.5). These results showed that the foot
with retrocalcaneal bursitis had a high longitu-
dinal arch.

There were no significant differences in the
mean values of the FP angle, the SE angle, or the
protrusion rate between the two groups (Table
1). These findings indicated that the shape of the
calcaneus did not differ between the retrocal-
caneal bursitis group and the normal group.
However, the calcaneal pitch and the first
metatarsal inclination angle in the retrocal-
caneal bursitis group showed significantly larger
values. The mean value of the BPI angle in the
retrocalcaneal bursitis group was significantly
larger than that in the normal group. This find-
ing correlated with the observation that the bur-
sal projection of the calcaneus in the patient with
retrocalcaneal bursitis protruded posteriorly

when we look at the whole foot.

Discussion

Fowler and Philip D as well as Steffensen and
Evensen 2 recognized the posterior protrusion of
the calcaneus in retrocalcaneal bursitis using
their own angles. However, some recent studies
have demonstrated no differences in the FP or SE
angles between a retrocalcaneal bursitis group
and a normal group69d. In this study, we could
detect also no significant differences in these
angles.

Contrary to this opinion, Pavlov et al.®)
proposed a model using parallel pitch lines to
demonstrate the causes of retrocalcaneal bur-
sitis. They concluded that a critical role in the
pathogenesis of Haglund Syndrome was played
by an inferior protrusion of the osseous plan-
tar projection of the calcaneus which increased
the calcaneal pitch and the superior protrusion
of the bursal projection of the calcaneus?. At
present, this theory is accepted by many foot

%
140
130
420
+2. B
P<0. 001 29 2 23.8 .
P<0. 001 L +1.9 =*2.5

O Normal P<0. 001 10

® Retrocalcaneal Bursitis i

0

Fig. 5. Diagram comparing the values of the height of the points on the medial longitudinal arch from the base
line which pass through the lowest point of the calcaneus and the lowest point of the medial sesamoid.
The unit is the percentage of the length from the lowest point of the calcaneus to the lowest point of

the medial sesamoid. P = probability.
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Table 1 Measurements of the Feet

Retrocalcaneal Bursitis Group Normal Group P Value
Mean SD Mean SD
FP angle 65.8° 6.2° 63.9° 4.9 ns
SE angle 55.0° 3.3 55.8° 4.0 ns
BPI angle 90.0° 51 85.1° 5.2 <0.001
CP 24.2° 5.2° 21.1° 4.6 <0.01
1MT angle 25.0° 3.5 22.4° 2.2 <0.001

Protrusion Rate 0.6% 1.8%

0.0% 1.4% ns

The values are given as the mean and standard deviation. FP angle = the angle
noted by Fowler and Philip, SE angle = the angle noted by Steffensen and Evensen,
BPI angle = bursal projection inclination angle, CP = calcaneal pitch, and 1 MT
angle = first metatarsal angle. ns = not significant.

specialists 13. However, we detected no superi-
or protrusion using parallel pitch lines in the
present study.

In present study, we proposed measuring the
BPI angle and found proved that the bursal pro-
jection of the calcaneus protruded posteriorly
when we looked at the whole foot. We know that
the BPI angle is related with the calcaneal pitch.
However, it is significant that posterior protru-
sion of the bursal projection can be detect direct-
ly with the BPI angle. Keck and Kelly 4 described
that they could not determine the FP angle accu-
rately because consistent points of reference
were difficult to locate. However, we used the
same line of the posterior surface of the cal-
caneus for the FP angle and the BPI angle. Un-
der these conditions, the BPI angle showed larger
values in the retrocalcaneal bursitis group
whereas the FP angle did not. Furthermore, our
study established that the foot with retrocalaneal
bursitis had a high longitudinal arch. These find-
ings suggested that the morphological cause of
retrocalcaneal bursitis was an increase in the
height of the longitudinal arch, which caused an

inclination in the calcaneus, which in turn
caused a posterior protrusion in the
posterosuperior prominence (Fig.6).

Fig. 6. Diagram showing the causative mechanism
of retrocalcaneal bursitis. The high
longitudinal medial arch causes the rotation
of the calcaneus to the vertical position,
which makes the bursal projecton more
prominent posteriorly.
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13)
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A Case of Bilateral Extensive Chondromalacia of
the Knee Affecting Both P-F and T-F Joints
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®Abstract

A 37-year-old female who had been playing volleyball for the past 25 years presented
severe pain in the left knee. The clinical findings at the first consultation included mild
swelling and a patellar ballotment in the left knee. The McMurray test indicated pain
and a click inside. ROM was normal and there was no ligamentous instability. The
X-ray findings revealed the P-F joint was of Wiberg type II.On MRI, the T: weighted
imaging indicated a lower signal intensity and an increased width in the cartilage of
the medial femoral condyle. Arthroscopic findings were a crab meat appearance and
chondromalacia in the cartilage of the P-F joint. Also observed were chondromalacia,
defective cartilage and a large number of loose bodies in the T-F joint. Under
arthroscopy, the loose bodies were extracted and the cartilage was shaved and drilled.
Though the pain was slightly alleviated, the patient still feels some pain in walking.
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Introduction

Patellar chondromalacia is not included a-
mong the rare diseases causing knee joint pain
in young females. Along with an increase in the
number of those enthusiastic in playing sports,
there is an increase in the number of sports-
related knee disorders among young females.
These include not only injuries to the menis-
cus and ligaments but also chondromalacia.
However, there have been few cases reported of
chondromalacia that progressed into the tibial
and femoral joints 23). Here we report a rare case
of a young female volleyball player having patel
lar chondromalacia complicated with chondro-
malacia in the tibio-femoral joints of both knees.

Case Report

The patient is a 37-year-old female who has
played amateur volleyball for 25 years, includ-
ing 3 years on a junior high school team, 3 years
on a seniqQr high shcool team, and 5 years on a
corporation team.

The patient sprained her left knee joint while
playing volleyball on December 11th, 1991. Al-
though the pain persisted, she did not seek med-
ical treatment and continued practicing twice a
week on her volleyball team.

By mid-February, 1992, the pain had become
severe enough to keep her from playing volley-
ball.

The patient visited our clinic on February 28,
1992. Physical examination of the left knee joint
revealed synovial thickening, joint effusion, and
retropatellar pain and crepitation. The McMur-
ray test revealed a painful click on the medial
side. Range of Motion (ROM) was normal and
there was no appreciable instability.

X-rays revealed Wiberg Type I patella with-
out patello-femoral joint malposition or incon-
gruency. Magnetic Resonance (MR) images dis-
closed thickening of the medial femoral con-
dyle cartilage, which had low signal intensity on
the T:-weighted sequence. The low signal inten-
sity suggested cartilagenous swelling and degen-
eration.

The patient underwent arthroscopy on April
1,1992. No meniscus or ligamentous injuries were
noted. The articular cartilage of the patello-
femoral joint had degenerated to a crabmeat ap-
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pearance. The same condition in a more de-
generated state was noted at the medial fem-
oral condyle in the tibio-femoral joint. Within the
knee joint, there were multiple cartilagenous
loose bodies which appeared to be fragments of
the degenerated cartilage. A diagnosis of chon-
dromalacia of both the patello-femoral and the
tibio-femoral joints was made.

Arthroscopic removal of all the cartilagenous
loose bodies, excision of the degenerated ar
ticular cartilage, and drilling of the subchondral
bone were performed.

Post-operative rehabilitation included isomet-
ric strengthening of the quadriceps and hamstr-
ings, and active ROM exercises. The rehabil-
itation started within a few days after the oper-
ation. The post-operative course was uneventful.
There was considerable pain relief within three
months, although the left knee joint pain kept her
from playing volleyball.

Fig. 1a

Fig. 1b



Fig. 2a : P-F joint

Fig. 2b : Loose bodies

Fig. 2c : Fissure in the lateral tibial plateau cartilage

The patient presented again with right knee
joint pain in March, 1993. Physical examination
revealed painful crepitation at the patello-
femoral joint and on the medial side of the
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tibio-femoral joint. MR images disclosed abnor-
mal signal intensity, suggesting cartilagenous
degeneration at the medial femoral condyle.

Arthroscopy was performed on April 16, 1993.
The articular cartilage was soft and degenerated
with crabmeat appearance at the medial side of
the patella, the madial femoral condyle and the
lateral tibial condyle.

Arthroscopic excision of the degenerated car-
tilage and drilling of the subchondral bone were
carried out.

Histologicalexamination of the degenerated
cartilage showed no inflammatory reaction.

Although surgery considerably alleviated pain
in the right knee joint, residual symptoms kept
the patient from playing volleyball.

Discussion

Instability or a morphological abnormality in
the patella, an elevated patella or trauma have
each been suggested as the cause for patellar
chondromalacia.

However, including the cases of sports players,
there seem to be a large number of patients with
idiopathic patellar chondromalacia of un-
known cause. In our case, the condition oc-
curred in the left knee after she had sprained it.
Since external force was not directly applied to
the patella and nothing definitely abnormal was
detected by X-ray on the patella, it was con-
cluded that her condition was idiopathic.

A differential diagnosis of the condition gener-
ally includes discrimination from a meniscus or
ligament injury, osteochondritis dissecans, and
an osteocartilagious fracture. Also in the pres-
ent case, differentiation from OA was necessa-
ry 4. However, the patient was consequently
diagnosed to have chondromalacia from the
X-ray findings of no marked sclerosis in the sub-
cartilagious bone and no osteophyte formation.
Also MRI detected swelling in the cartilage.
Chodrosis and a defect in the cartilage were ob-
served by arthroscopy while the surface layer of
cartilage was comparatively maintained (so-
called basal degeneration reported by Ficat,
Goodfellow D).

In conclusion, it is important to pay atten-
tion to potential damage in the articular carti-
lage in addition to any injury to the meniscus or
ligament when presented with pain in a knee re-
lated to a sports-related disorder.
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Summary

We have reported a case of patellar chon-
dromalacia complicated with chondromala-
cia in the tibio-femoral joints.

The patient was a 37-year-old female volley-
ball player. The treatment was difficult, and
due to persisting pain in both knees she is
still unable to play sports.
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Multiple Flexor Tendon Injury Secondary to
Hamate Hook Fracture in a Golf Player:

A Case Report

BHMBRFICEY 2RMICEE LE-BHRE TEHROD 1 4|
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Hiroki Wakabayashi? FEy TN ) Hitoshi Hirata? FHOE

Akimasa Morita ? HHEIE Satoshi Mukai? mFHF &
®Key words

Tendon rupture : Fracture of the hamate hook : Hand
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®Abstract

We report a case of a subcutaneous multiple flexor tendon injury occurring
secondarily to a hamate fracture. The patient sustained the hamate fracture while
playing golf. The injury was diagnosed as a wrist sprain by a nearby doctor and was
treated conservatively. The patient noticed an inability to flex the left little finger at
one month after the injury and consulted another docter. A carpal tunnel view revealed
the hamate hook fracture. The patient was referred to Suzuka Kaisei General Hospital
with the diagnosis of a hamate hook fracture with ruptures in the flexor tendons of the
little finger. The flexor digitorum superficialis (FDS) of the index, long and ring fingers
and the flexor digitorum profundus (FDP) of the long and ring fingers were each
partially ruptured. Both FDS and FDP of the little finger were completely ruptured. The
rough surface of the fracture ends appeared to have caused the attritional ruptures in
the tendons. Treatment by excision of the fractured hook and by interposed tendon
graft produced satisfactory results.

= 1) Suzuka Kaisei General Hospital

T510-02 $aHEHF%5-23-18 2) Dept. Orthopaedic Surg. Faculty of Medicine, Mie Univ.
Er AR A B AR 3) Tsu Cooperative Association Hospital

0593-86-1011
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A subcutaneous rupture in the flexor tendon
secondary to a hamate hook fracture is extreme-
ly rare and only four cases have been reported
in Japan. A thorough review of the literature
could found only ten cases outside Japan 1.
Here we report an additional case.

Case Report

A sixty-year-old male bank employee.

The patient felt and acute pain in the palm of
the left hand while playing golf in August, 1994.
He consulted a nearby doctor who diagnosed the
injury as a wrist sprain He noticed a difficulty in
flexing the left little finger at one month after the
injury. He then visited Tsu Cooperative Associ-
ation Hospital in December, 1994.

The left little finger was in an extended posi-

Figure 1 : Routine X-rays did not reveal any skeletal
abnormality.
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tion. A physical examination revealed loss of ac-
tive Plexton of the little finger both at the dis-
tal interphalangeal and the proximal inter-
phalangeal joints. Although routine X-rays
revealed no skeletal abnormalities, a carpal tun-
nel view clearly revealed a fracture in the hamate
at its base (Fig. 1). He was referred to Suzuka
Kaisei General Hospital with a diagnosis of the
fracture of the hamate hook with subcutane-
ous flexor tendon ruptures in the little finger, in
February, 1995,.

A CT scan performed at Suzuka Kaisei Gener-
al Hospital confirmed the findings of the car-
pal tunnel view (Fig. 2).

The patient underwent surgery in March, 1995.

Surgical findings:

With the pisiform as a landmark, a zigzag in-
cision was made to expose the carpal tunnel and
Guyon’s canal. The flexor digitorum super-
ficialis (FDS) tendons of the index, long and ring
fingers were each partially ruptured and frayed
for 5 cm. The flexor digitorum profundus (FDP)
tendons of the long and ring fingers were also
partially ruptured and frayed (Fig 3). Both the
FDS and FDP tendons of the little finger were
completely ruptured. The proximal as well as
distal ends of the tendons were so frayed that
more than 6 cm of the tendons had to be resected
to obtain ends with normal structure. All ten-
don ruptures occurred at the level of the hamate
hook.

The hamate hook was completely fractured at
its base. The fractured fragment protruded into



Figure 2 : Carpal tunnel view clearly demonstrated a
fracture at the base of the hook of the hamate.

L) A

Figure 3 : CT revealed the hamate hook fracture and the
displacement of the fragment more clearly
than did the carpal tunnel view.
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the Guyon’s canal with a sharp spicule facing the
ulnar nerve. The rough surface of the hamate ap-
peared to have caused the attritional ruptures in
the tendons. The fractured hook was excised and
the fracture surface of the hamate was smoothed.
The grinding bed of the tendons was repaired by
covering the fractured surface with surround-
ing soft tissue. The partially ruptured FDS and
FDP tendons of the index, long and ring fingers
were repaired by running sutures with 6-0 ny-
lon thread. The FDP tendon of the little finger
was repaired using palmaris longus interposed
tendon graft.

At the final follow-up, the patient was free of
pain with full normal range of motion of the lit-
tle finger restored (Fig. 4).

i

Figure 4 : Flexor tendons were partially ruptured and
severely frayed at the level of the hamate
hook.

Figure 5 : Finally, the full range of motion of the little
finger was restored.
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Discussion

A subcutaneous flexor tendon rupture is a rare
injury and, when it dose occur, the tendon is usu-
ally ruptured at the distal insertion. A flexor ten-
don rupture secondary to a hamate hook frac-
ture is extremely rare. Only 14 cases have been
reported to date !9,

Since routine X-rays do not demonstrate the
base of the hamate hook, the fracture can be
missed by general practitioners and treated as
wrist sprain. Patients are sometimes recom-
mended to use the injured hand despite com-
plaining of pain. As seen in the present case, if
the fracture end of the hamate forms sharp
spicules, frequent tendon movement over the
spicule can lead to attritional ruptures in the ten-
dons.

Milek reviewed the English-language liter-
ature and found 127 cases of hamate hook frac-
tures. Of the 127 cases, 18 cases were found to be
associated with a flexor tendon rupture or fray-
ing¥. Although the true incidence of tendon
problems associated with a hamate hook frac-
ture may not be inferred from this type of re-
view a tendon injury secondary to a hamate hook
fracture may be more common than generally
believed.

The flexor tendon injury is usually confined to
the flexor tendons of the little finger and there are
few reported cases with multiple tendon in-
juries as in the present case.

To prevent secondary rupture, an accurate in-
itial diagnosis of the hamate hook fracture is in-
dispensable. CT and carpal tunnel view are ef-
fective diagnostic examinations. If the displace-
ment of the fracture is extensive, then excision
of the fracture fragments should be considered
as soon as possible. Once a tendon rupture oc-
curs, end-to-end repair is impossible on most oc-
casions due to severe fraying of the tendon, and
end-to-side tendon repair or bridge grafting
using the palmaris longus tendon is required.
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