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tRORF—VEE
The Shoulder in Sports

— Impingement Syndrome in Athletes —

Mitsuru Takeshita, Yozo Shibata, Eiyu Matsunaga,
Hideaki Iwamoto and Nahoto Takagishi

Department of Orthopaedic Surgery, School of Medicine, Fukuoka University

In order to grasp the aspects of sport injuries of the shoulder, we have conducted an investigation
by means of questionaires on shoulder pain sent to the members of our university’s athletic clubs and
examined those persons with pain. Furthermore, we have analyzed the athletes who visited our clinic
for treatment of sports injuries for the last 10 years and studied the theme given to the author:
impingement syndrome and nerve injury. First, as the sports that hard use shoulder, we picked up 7
athletic clubs: baseball, softball, tennis (both hard type and soft type), handball, swimming, field
athletics and chose 3 sports clubs in the medical department as control. About half of the athletes
had shoulder with pain and higher incidence of pain was recognized in athletes with longer history
of athletic activities. In terms of sports, handball showed the highest incidence and this included four
persons with unstable shoulder (Table 1). With respect to the relation of pain with the pitching
phases in baseball, tennis and handball, those elite athletes in the athletic clubs had pain of impinge-
ment suspect in the anterior from the cocking to the acceleration phases, whilst those in the control
group had pain of myalgia suspect on the posterior at any phase, suggestive of lack of stretching and
strengthening exercises. In contrast with baseball, there was a similarity in the aspects of pain in
tennis and handball. This may be attributable to the common use of heavy tools in the sports.

Table 1 Shoulder pain of athletic club members in Fukuoka University

’ Duration Frequency of pain
number members . De_gree_ of p_am of athletics (mean duration of athletics)
sport club of members with pain PELsons (mean years) —persons (years) —
L e (percentage) | ] | Do oo
persons @ @ ® none occational often
base-ball 45 26(58%) 0 10 16 5—12(8.4) [19( 7.7) | 15( 8.7) | 11( 8.7
soft-ball 13 6(46%) 0 | 2 4 3—-14(8.2) | 8(7.1) 5( 8.4) 0(
(M)* base-ball | 13 5(38%) 0 2 3 1—14(5.6) | 8(4.2) 5(7.0) 0¢(
(M)* base-ball 20 7(35%) 0o | 2 5 1— 8(3.0)13(3.3) | 6(3.0) 1(1.0)
tennis 19 11(58%) 0 | 7 4 6 —13(8.5) | 8(8.2) | 10( 8.7) 1( 9.0)
soft-type tennis | 24 10(42%) 1 6 3 | 7-1408.6) | 14( 7.9 | 9(9.3) | 1010
(M)* tennis 24 12(50%) 0 8 4 1—14(6.2) | 12( 5.1) 9( 6.3) 3( 9.0)
hand-ball 21 13(62%) 0 | b5 8 1—-10(5.2) | 8(5.3) 9(5.0) 4( 5.4)
swimming 24 12(50%) 1 9 2 8 —15(11.4) | 11(10.2) | 10(12.9) 2(11.0)
) 0 0 1

field athletics 15 10 7%

(M) * sport club, Faculty of Medicine
(M) * base-ball lovers' society, Faculty of Medicine
Degree of pain

(D Unable to exercise fully due to pain

@ Able to exercise under pressure of pain

(3 Pain only after exercise

Key words : shoulder, sport (athletes), impingement syndrome
Address for reprints : .Mitsuru Takeshita, M. D., Department of Orthopaedic Surgery, School of Medicine, Fukuoka
University, 7-45-1 Nanakuma, Jonan-ku, Fukuoka 814-01, Japan.
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Table 2 Relation between throwing phases and portions of pain in each sport

Throwing phase |

Cocking phase
base-ball
(M)* base-ball
tennis
hand-ball

Number of persons with pain
(percentage)

1/26
5/12
2/ 9
312

4%
42%)
22%)

(
(
(
(25%)

Portions of pain

( Acceleration phase !
base-ball
(M)* base-hall
tennis |
hand-ball |
|

Follow-through phase
base-ball
(M)”* base-ball
| tennis
hand-ball

(
16,726 (61%)
712 (58%)
579 (56%)
6,712 (50%)

926 (35%)
312 (25%)
3.9 (33%)
312 (25%)

* Sport club, Faculty of Medicine

Table 3 Sport injury of the shoulder

Cause (D tissues injuries due to overuse
@ antecedent trauma or repeated minor

trauma

@ congenital unstable shoulder

Pathology due to overuse

strain,
muscle ’

contracture
ligament ——— laxity

capsule, labrum — Jaxity,tear
inflammation,

cuff. biceps
long head tear

cartilage -
epiphysis —

bone ———

___, chondromalacia,
loose hody

stress reaction,
separation

» stress fracture —

 pain

.| unstable joint
limited motion
weak strength

—persons—
ant. ‘ lat. post. whole
0 1 0 0
0 1 4 0
2 0 0 0
2 0 0 1
i .
11 2 0 3
0 0 6 1
3 1 1 0
3 0 1 2
B 0 1 5
0 0 3 0
0 1 2 0
1 0 2 0

Table 4 Pathomechanics of throwing

. Cook-up phase

« anterior capsule and labrum — inflammation.
laxity, tear

* supraspinatus, long biceps tendon —
impingement

* subscapular syndrome

* posterior muscles of the shoulder — strain,
contracture

* thoracic outlet syndrome

. Acceleration phase

* supraspinatus, infraspinatus — impingement

* muscles holding the
shoulder girdle

* muscles rotating the
shoulder internally

—strain, contracture

. Follow-through phase

* posterior capsule and labrum — inflammation,
laxity, tear

* subcoracoid impingement

* groove syndrome (tendinitis of the long head
of the biceps)

* posterior muscles, infraspinatus, teres minor
— strain

* suprascapular nerve injury

Furthere, in tennis there were high tendency of pains in the posterior at the follow-through phase.

This may be the result of a vigorous active deceleration force required for holding the racket (Table

2). In the swimming club, no difference of pain in the shoulder was found between the right and the

left, and no shoulder pain existed among those who specialized in breast stroke swimming. Direct

examination could be made on 22 persons who had pain in the shoulder.

The pain resulted from

impingement and myalgia more than other disorders and there were 7 patients (32 %) who had

unstable shoulder. As to range of motion, there was a larger range of horizontal external rotation

and a smaller range of horizontal internal rotation in the group of sports as compared with the group

— 2
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Table 5 Sports injuries of the shoulder in Table 7 OQur treatments of impingement syndrome
outpatient clinic in athletes
number of outpatients -
(number of surgeries) 1. Conservative treatment
———— rest, anti-inflammatory drug, heat therapy,
A. Unstable Shouler block injection (subacromial or subcoracoid
@ inferior instability 21(7) bursa)
@ anterior inst. (including recurrent — useful also as confirmation of diagnosis
dislocation and subluxation) 54 (6) 2. Operative treatment
® post. inst. 5(2 @ Neer’s anterior acromioplasty
@ multidirectional inst. 1 separation of the coracoacromial ligament
B. Impingement Syndrome alone anterior acromioplasty
@ subacromial portion 29(7) removal of inferior portion of the A-C
@ subcoracoid portion 6(1) joint
® groove syndrome 11 @ partial or complete torn cuff — repair
@ acromioclavicular joint 3(1) 3. Rehabilitation
C. Rotator Interval Injury 3(2) (purpose) regaining of flexibility and muscle
D. Myalgia balance
@ deltoid (posterior) 9 (middle) 4 (anterior)l (methods) PNF technics
@ medial portion of the scapula 9 stretching
® suprascaputar portion 2 strengthning (resistence exercise)
@ fossa of the scapula 3 progressive pitching
® others 2
E. Arthritides
@ acromioclavicular 11(3)
@ sternoclavicular 2(1)

F. Nerve injury
@ thoracic outlet syndrome 8
@ suprascapular nerve injury 6
® quadri-lateral space syndrome 4
G. Little League Shoulder 3
H. Snapping Scapulae 3
I. Unknown Origin 7

Table 6 Classification of disorders in each sport number of outpatients (number of surgeries)
T T T T T —_— - 1
@
e ® | o & ®| @ —— ©® | total
a b [¢ a b 'd
- = 4 | | —t e —— e — 1 | S E—
base ball 2 | 5(5) | 3(1)|14(6) 3 2 (1) 3 4 (2) 1 1) 2@ 3 2 2 47
L — ] — 1L - | = 1
valley ball | 4(3)| 4(2) | 1{1})| 6 1 4 21 1) 23
tennis 5 4 2 3 2 4 (3) 1 21
Jl— | e, SR sl /LI
rugby 15(9) 2 . 1 18
basket ball | 2 (2)| 8(5) 3 2 1 16
soft-ball 3 4(2) 1 | 2 1 11
| et == = — L e e S — SIS L
judo 7(2) 1 1 | 9
karate L a3 |3 1 1 9
| ! ‘
gymnastics | 3 (2)| 1 4 1 9
swimming 2 | 4(1) 1 . 7
badminton 1 1 1 3 1 ‘ 7
1 - — —_ — —
hand-ball 1 1 1 ] 2 2 | 7
others 3 2 1 32)| 1 1M 9 2 (1) 1 211
i S| L= b L i It -

@ Unstable (a*inf. b-ant. c--post) @ impingement @ biceps tendinities @ rotator interval
® myalgia ® A-C joint @ S-C joint nerve (a-T.0.S. b--supra c--axillar)
® snapping scapulae @ unknown
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Table 8 Operative cases of impingement syndrome in athletes

Age Duration Operative Postope

Case | at Sex Sport ‘ of athlete periods Results
ope. | (years) procedure (years)

1 17 F Swimming 7 A 3 able to swim, but non-athletic
2 25 M base-ball 8 B+D 2 able to play, but non-athletic
3 18 M " & B 3 "
4 22 M Kendo | 11 B 10 complete recovery
5 32 M base-ball 10 B 4 | able to play pitcher, but non-athletic
6 34 M Kendo 19 C 5 complete recovery |
7 19 M | base-ball 7 A 1 Y

| I N B W S ! ! _— - SR
8 23 M i 10 A 2 able to pitch as athlete with occational pain
9 20 M U 8 B 0.5 able to pitch but inadequately due to posterior pain

Procedure A. separation of C-A ligament alone
B. anterior acromioplasty
C. B+ resection of inferior portion of the A-C joint
D. repair of partial torn cuff

of control.

For the past ten years, there have been 211 athletes who visited our clinic for treatment of pain
in the shoulder. As shown in Tables 3, 4, 5, the sports injuries in the shoulder was classified on
pathomechanics of injury. Unstable shoulder was divided on the four respective directions. For
purpose of convenience the impingement syndrome was also divided into four parts, also including in
this section the tendinitis of the long head of the biceps. Though instability was found in all cases
of rotator interval injury, this was included in a separate section. Arthritides of the acromio-
clavicular joint had all but anticedent subluxation and sprain, and those of the steroclavicular joint
was a result of instability. Nerve injuries were recognized in 18 cases (9 %). There were also three
patients with little league shoulder which had developed an epiphyseal separation. The number of
cases in the classification of sports shows that baseball is the largest, followed by tennis and
volleyball. Injuries resulting from rugby, basketball, judo were almost those of recurrent dislocation
and subluxation deemed to be the results of contact sports. Surgery was performed on 58 cases
among the 211 cases of outpatients (Table 6). Our management for the impingement syndrome
includes mainly administration of antiinflammatory drugs and blocks (also useful as comfirmation of
diagnosis) into the subacromial and/or subcoracoid bursa, the acromio-clavicular joint and the
glenohumeral joint as conservative treatments and further includes a resting period of 1-2 weeks and
then exercises gradually commenced within the range of no pain. At this stage, as an indication for
rehabilitation to activities of sports, we utilize the proprioceptive neuromuscular facilitation (PNF)
technique, stretching, resistance exercise, etc to restore flexibility and muscle balance with applica-
tion to each specific sport (Table 7). Surgery was underwent for those patients who have been
resistive to the conservative treatments, having pain in daily living and/or with strong desire to
return to sports. The surgery is essentially based on Neer’s anterior acromioplasty and in some cases
single resectjon of the coracoacromial ligament under local anesthsia will do, without detatchment of
the deltoid muscle. Therefore this makes it possible to carry out stretching and strengthening
exercises immediately after removing the threads. We consider that for the treatment of athletes

— 4 i
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preference should be given to minimal necessary procedures based on accurately grasped state of the
injury, rather than the procedure of complete decompression (Table 8). There were 18 patients (9 %)
with nerve injuries. Six patients were of suprascapular nerve injury and two of them required
surgery. An entrapment was made at the suprascapular notch in one patient in the baseball club and
at the spinoglenoid notch in addition to the above notch in one patient in the volleyball club. There
were eight cases of thoracic outlet syndrome, five of them underwent surgery and four of them
returned to activities of sports. One of four patients with quadri-lateral space syndrome underwent
surgery and a powerful and complete elevation of the shoulder was made possible. Lastly, on the task
from now, we keenly feel the need to turn our eyes to prevention, in addition to treatments of the
patients with pain, and the need for an arthroscopic surgery aimed at minimizing tissue injuries as
much as possible and letting an early rehabilitaion to the activities of sports.
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Recurrent ITuxation and Subluxation of the shoulder
—— on the Observation of Athletes —

Ryuji Yamamoto
Department of Orthopaedic Surgery, Showa University Fujigaoka Hospital

Since 1961, I've performed the operative treatments for 138 joints with anterior recurrent
shoulder dislocation and 47 joints with anterior recurrent shoulder subluxation. These shoulder
arthropaties resulted from various causes, of which 83.3 9% of dislocation and 91.5 % of subluxation
occurred by sports injury. So, my data revealed the higher percentage of subluxation than that of
dislocation by sports injury. My investigation concerning with the post operative follow up more
than 6 months period in the athletes older than highschool students showed the 54 joints with
reccurrent dislocation and 29 joints with recurrent subluxation. These injuries tended to occure more
prominently in male athletes than the female ones, however, no substantial difference was noted
between dominant side and non-dominant side.

The operative methods applied were Oudard-Iwahara methods for dislocation and Bankart
methods for almost subluxation. The average post-operative follow up terms were 7 years 6 months
for recurrent dislocation and 1 year 8 months for subluxation. The patients whose shoulder joints
were kept under the therapeutic fixation for at least 3 weeks after their first injury were minimally
present and the numbers of the shoulder joints injured were only 13 joints (24 %) in recurrent
disiocation and 3 joints (10.3 %) in recurrent subluxation. The item of sports by which these disorders
resulted in was Rugby football.

The satisfactory operative result was obtained in 49 joints (90 %) with recurrent shoulder
dislocation, however, there were redislocation in 3 joints postoperatively and it was also obtained in
25 joints (86.2 %) with recurrent subluxation.In the latter cases, the apprehension test was negative
in all patients.

The 55.6 % of patients with recurrent dislocation and 51.8 % of patients with recurrent subluxa-
tion returned completely to the usual sports activities. If the patients with minimal disability were
included in the figures, the percentage became much higher and the scores were 83.4 % and 75.9 % for
the recurrent dislocation and subluxation respectively. The patients who were not doing the original
sports activities were present in 16.79% and 24.1 % for the recurrent dislocation and subluxation
respectively, whatever the reason was. In particular, the patients who could not play the original
sports due to anxiety for pain and shoulder disability were present in 7.0 % and 17.2% for the
recurrent dislocation and subluxation respectively.

For sports players, it is necessary to treat operatively as quick as possible when the recurrent
tendency appears, and the recommended operative methods are those with few redislocation and less

Key words: recurrent luxation, recurrent subluxation, bankart lesion, apprehension test, loose shoulder
Address for reprints: Ryuji Yamamoto, M. D., Department of Orthopaedic Surgery, Showa University Fujigaoka
Hospital, 1-30 Fujigaoka, Midori-ku, Yokohama 227, Japan.
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restriction of shoulder movement. In addition, the operative methods by which the postoperative

cure is achieved promptly are more favorable.

1t is difficult to return to sports activities for the

players with loose shoulder, and the adequate therapeutic program should be established in the future.
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Table 1 cases

recurrent recurrent
luxation subluxation
male : female 43j. 0 115, 24j. 0 5],
Rt : Lt 26j. : 28;. 155. T 14j.
dominant : . ap C e
non-dominant 241. + 305 15). - 14j.
Bankert 13j. 26j.

. |Oudard- . .
operation lwahara 39;. 3.
method :

Bristow~ o 0
modified ! _
initial age 12y.-31y.{(17.9y.) 1dy.-30y.(18.0y.)

operation age 16y.-39y.(21.0y.) 16y.-32y.(20.6y.)
recurrent injuries
within one year 46).(85.2%) 23.(79.3%)

follow up term  6m.-25y.(7y.6m.) 6m.-2y.9m.(1y.8m.)

7
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DRI 85.2 %, RIEEWR 79.3% ThH 5. MitkD
FHERPHEIRERTE6 » B, REFM1E8 »
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and off

15j.

83.4%

Fig. 1

86.2 BHIFRWHE L TV 5 BEHIR i S 11
iR s nfcss b Bankart B L 2 40T
BEOSNEHIFR T ADL W XB28F T 2 EHI s,

AR—=V IR D THMNEIEFMAE LTu i AR—
VHERICATEE L 2 o 72 b DI KB 55.6 %, IR
1651.8 % & KIEEERL D LEEHRH 5 038R
Kb DEEDLLREKS3.4 %, RIEEWR75.9%
TH-7(Fig. 1), h*@EEF)ICHS & Table 20
TELT, Ay IAOEFREAS»OBATERIELT
WIEWET, TAXUAY Ty bR—, FE, /b —
R 25 oA Nz, RBMEBERASRI L
RRIERD 3EFIE TR LFIEETH Y hds IS
E—, FARRy Yy —, ¥y h—OEEFMEF L LT
EHLTwb, BERBEERRT 2FRICODVTHS

Table 2 postoperative outcome the number of
shoulders included in each sports
recurrent luxation recurrent subluxation
pre-op.—?post-op. pre-op.—post-op.

rugby 135.—13;. 51— 4j. (13)
baseball 57— 4j. (13.) 4j.— 35 (13.)
Am. foothall 55— 3j. (25.) 3i— 3.
judoh 59— 4j. (15 3= 1. (2))
ice~hockey 3.~ 3. 4).— 4j.
basketball 44— 3. (13) 2i— 15 (13)
sky 51— 45 (1) 0 — 0
valleyball 3= 13 (23) 2= 15. (13)
football 51— 9. 0 — 0
handball 21— 1. (13) 0—-0
surfing 1j— 15 li—1j
others 3j.— 3. 51— 45 (1)
total 54j.—45]. (9j.) 291.—22; (75.)

83.4% (16.9%)  75.9% (24.1%)

=0k
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7j.

24.1%

full playing

playing on
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7.

postoperative outcome.
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Fig. 2 X-.ray of patient with recurrent dislocation
assosiated bilateral loose shoulder is shown.

% 5 capsular detachment type 3% <9, BREEAS
WREL 72 O KIEEI BT E b b O TRIEMICZ Y
BT, 2REMEOSHENE, I L, &
Bl m % <, BiEI o F {4k »Y anterior capsular me-
chanism QI L2 HDTH 3 05HEAD SV
BESLERL TCOLBMBR I TSRO TH S
3.

loose shoulder {7 b D REROTE D 141
DHTH-7:5%, loose shoulder 53 5 & EBIMFIZ
BESOE N L TROLA % £ T84 L scapula
humeral rhythm AEE S N 3 7z DEFE AL EM %
EU—MAR—VEFIZZNZ D THE, O
%) i i 8 2 Bankart ¥k & ME1T L T 20 FE W2 Ak B 8
loosening & slipping & 7 < (Fig. 2), TEWIZ itk
SEMIE 7 7 —EF L UCERHE.

L L — i R K=Y #F D loose shoulder #
P 7 ERIC T 2B A EEEL {, METRORE
& < 12 middle glenohumeral ligament O{&18 % {4
FIANRETIREWHAEEZ TS,

ZAR—VIERCDWTIE IS DR EM anterior
capsular mechanism DIEFEIZ L 26D THL»5 2

MOBEEHEECITZEFRELC#E LI TR
<, L ABRL COE 2 BB OBEEDH HSRIEY
BLDTREBHEEL T,

FiMiRRERECE sk o P LT BEHiOBEES
postero lateral notch ¥4 %4 < § 2 B TR
175 2 EB8RET, ZORERIRTHN, HEERE
b &L DAESIREE L R0 & D B AEEERIT
AT ETHD, EEY IRERCHL T Oudard—&
FEEE2 S DEFITLZORE» S Tk
THELHEELTLIH, ERAR-YEFICRY
WEF*BELVERT 2w E¥eoblaildbb
»3, BELMENOFM CHEFIRL VP BOLAET
B 5. 725 RAEERLC R L T Bankart #4550 1 7
DEBOFBELH 2 12125 < DEFOBEEN % B
X B BRI OISR Bankart gk E 1T 7
T, SBEEERCBERCFMOEE L
Oudard—FEREE 2TV Z OB EZRET L 2w,

T )l v

1, REFREREREID LAR-VICL>TES
EME L LEBOTNRRBEFAAR—VEETL L
THIER % o,

2. HWAID AR —VICHLHRER b O EE
BrLH¥HTH D,

3. AR—VEFTHREMEZ 1% IR
EMETINETH B,

4. FMAERERE - WA, SESRESDCE
AR —VIERERD bOEEIRETH B,

5. loose shoulder %#{¥ - 7-fEMIE A H — V [BIFAS
L ZFDBBRENSHROMETH 2.

X 79

1) KEFHHE M BEMEMEERD (FREEERA
) wowT, EESARL 32:571-581, 1981,

2) AL il EEMEE DO & 2 OLUES
WoWnT, BIBKESNERL 27 1735-1742, 1984,

3) AR (T L AR OEE S EEE M
MET (ERGEIES) 1o DT, Japanese Journal of
sports Science, 3! 286-289, 1984,



876 1L

4) AR - B BETR S R OREIE & iEHR, B

#Bexit, 57 869-885, 1983,

5) WA T I A A RO O F M E—
Oudard —# U, BFZHMEL 26 0 986-989, 1983,
6) LR L BE M MR A (33 3 5 — Oudard

—AHREE, RIMEREAER, 9:89-91, 1986

7 M KABERKRERY BR &EE

AR—VEETOEBET HAIOMAD—DIE, »D
BR2ELHTHE, 77— IBERIEGR LV
P, Bld7—Cr 7oL e, flzdg#EEfos=
BOWERGEOEEE, o HiisHFTL T
DAEM?

%

m & By miRbeEr LR fii-
SENIERE I DV TRE L 720 CIHBETI D v

T & CWKHERT LR L,

E:S

BT D B 3 EIHANI F D & A X BFEHR O
W24 o T B8, Faid Neviaser -|LUAZHE 217V R4
L DEHIEITS L DL T3, AR BB TR
6HAEEBLISHEFTL TS,

g M BARZER FEk P

joint laxity % F- 7 BEFOFMFIC 24> T, laxity
CHH oI E 2 Carter B TRE NS LD
TRWD,

%

B & By EmEER LA B
joint laxity @ & % :#F 4 scapulahumeral rhythm
DOEESDH L0, BIFLIHEETH—TWDOAR -V #
FixAd iz £ B 5, inferior capsular shift % Bankart
FEa RSO OBEN CHLIEEINBEERL LA

7.




FF#5E (J. Jpn. Soc. Surg. Hand),

#3%& $E35 877-881, 1987

BRICE T2 HOEE 20 FH, FRICDOWT

BB RFEFHBIABERE

ofE +

=

HE -

=
% 5

AT 0B

fB O % =

Elbow Problems Associated with Young Baseball Playears

Takaaki Ikata, et al.
Department of Orthopaedic Surgery, Tokushima University School of Medicine

The baseball elbow among 2442 Young players was investigated with relation to the causative
factors, methods of treatment, protective measures, and prognosis. (1) 51.9 % had the complaint of
pain or discomfort in the elbow, the most of which caused no disturbance in ADL, and subsided
spontaneously within 10 days. (2) With roentgenographical examination, 19.6 % of the players had

the epiphyseal lesions of the medial condyle, trochlea, and capitellum of the humerus.

(3) Not only

the excessive throwing but also the extreme valgus strain in the accelaration phase of throwing were

fundamental in producing the lesions of the elbow.
of the epiphyseal lesion of the capitellum associated with the worsened symptoms.

(4) Encouraging throwing results in aggravation
(5) In these

regards, an adequate times of throwing should be regulated as the preventive program.

A & 2R 2 B BRI O RMAL & Vi {bE
r%u%%ﬁVk;Danfwé.bmb,QEﬁ
KF—LWBT29~12F T, BEAETRTOB
WEALIIERET TH D, RRBICH D L w5, L
T, BEBORMAR-VETRE LT, PEFREFIC
BH20b02HRMNE2L0HTEI LTS,

R HE

W|FES EM, RERTOVETRASWCEML
2428 %WREL, RKEHTRT 77— RELE
BRZ 2Ty, HoERE, EREIHL COFHRRHE
DL THERERD, XBFHMELEML 72 (Table
1), X4, @%, WO ER 2 AEEE 1T,
LB R RN LB B 2RO B
tangential AEIDEE £BINL 72, BEFTRIIRER
e & 0, SMEB L BB ERIL, £/, L
B/NEREESEIE 1. EsR, 11 #ENREY, NN RN

DL, WRELE
& R P

FLE L IIERERORIRP I 2 BAMBRAHE LT
B, ¥FTALKRZLZEEFT> Tk, £l
BNBEFEDOHE T T OROFREFIL &, HR
XAEEREE B L 2R SBEICRET S, JW7
O THTFHREERER T2 bH 3,
BEWTEAGI G U T, SR B AL 21T > Tt s,
Bl TREPIACT B BN # 384 T\ 3 (Fig. 1), #
BRI 5 FOEEAGC G EAT R BIG L T B,

BWR ¢ F &

D 7rr— RSB L URS FEEFE 51.9%
& stz EhHIBR 10 LI LR 3 &, &R
9.5 %, {HEBHIPR 9.6 %2R S 7z, FAITIGERIF
FZ, 0 BLUAICBARMEET 2 OB EFINIE» 572
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Table 1 Roentgenographic Lesion

Lesion of the medial side
(O separation, fragmentation of the epiphysis
(O osteochondral necrosis of the trochlea
@) spur of the coronmd process

Lesion of the lateral side
(J osteochondral necrosis of the capitellum
) fragmentation of the radial head
> loose bodies

Lesion of the posterior side
O separation, fragmentation of the olecranon

A5 - il
1981 1983 1985 Total

182 (19.0%) 142 (17.0%) 1130 (19.9%) | 454 (18.6%)
19 ( 1.9%) 21 (2.5%) 18 (1 2.8%) | 58 ( 2.4%)
6 (0.6% 3 00.4%) 2 (0.3%) | 11 (0.4%)
20 (2.1%) | 17 € 2.0%) | 15 (2.3%) ! 52 ( 2.1%)
26 (2.7%) 2 (0.2%) 200.3%) | 30 ( 1.2%)
2 (0.2%) 0 0 ( 2 (0.08%)
3 (0.3%) | 13 ( 1.5%) 5 (0.7%) 21 (0.8%)

n =956 n =834 n =652 n =2442

Fig. 1 Capitellum necrosis (stage of loose body) of a 17 years old pitcher. One year after surgical treatment
with muscular pediculated bone grafting, his lesion recovered almost completely.

(Table 2), FESEIHIR G, %0 FKH L/ NEFET
ThoTLHEEFBCEE L 208, Ptk o
ETEAR R B L A THER LD SRS H - 72,
2)  XEFRORE., FETRIEE T o7 587 4
o 479 4, Mﬁ%uﬁmgnt._n@éﬂﬁ@
19.6 BICHEHY T 5. SMUAIFREE 2 FIC DOV TODIE
EThLE, RARESL- L LEL214%THD,
AR 3.4 % TH-7. BABRERIZN DL
0.8%TH-7:. ARIEE LT, bo& bHEDS

motzDn, LWL SEE - S8 18.6 % TH D,
TOTHEGDOHBIMEEIED 2.4 %ThH -7, #RER
REL0ARICHSNT, SHEURE TR, FEI~RE
LB NGEETEAY 52 1 2.1 %2R S i, BFEO
S 1.2%TH o7 WHEE L LT 0.08 % Lo
Lotz BEAISRE L U TORBEEREO S8,
SENZ 0.8 % E{RBEE TH -7 (Table 2),
CHSDEE LM EOMETE, BFESboL Y
SHEED3B A% THY, UTHFI2.2%, AEF
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12.8 %8 L U45FF 8.3 Y OIEL T, FEFEFAE & 55k
BEDHEWROBRE ST,

3) i, EBRE/NEEEERVIMOREDIE L
AEDHERERBESB T I Lo L BEL, BEEECE

Table 2 Materials and Methods

1981 1983 1985

young baseball team @ 75 74 72
(n=162) (n=209) (n=178)
young baseball player :
(ages 9.4~12.3)

questionnaire 956 834 652
field examinat. 475 426 343
roentgenographic 293 159 135

investigation
ab. 3700  ab. 4000  ab. 4000
(n=18724) (n=19438) (n=19409)

population

# ! total schoolboy (ages 9.4~12.3) population of
Tokushima Japan

b A4BBICBERTE TH, L, tEERLEE
HOSERESEEL, BIVRTEBORRICE T
WO LREET S (Fig. 3). ZOBORE L&k
HAEORE S OFLLICREI NG WS, FHRERTO
THEORELDPHMECHTIMNEDY 1 2> 7H
SHOBETH 5,

XC, BB/ B TH B 05, 1980 FEIAK O EER
Bt ERo 52 % & 40 12581 T %H D drop-out @ 15
FlEBR 72 109 Bl ET L7e, XiRLE, SFEEETGR
LT EBB/NBEOMIRBICHIRT 2 Z e 3% <, Z
hpsthEficm > TR L, —7A, AEFERRIG
Wk BRER SRS T B, OB LGRS ERLIICL
Ao, WL, BETS. Lrl, BIOELR
DR, Vv A5 —HRenh, BROE(LEIG
DO E G & bR R TR, 2ok, Bk
B EE L A E A W GRO s N S, 109
DU D EREERS 1, FEIEHA 66 5, BEWTH 1561

Fig. 2 Fragmentation of the medial condyle of a 1l years old pitchers. Healing of the lesion with stopping

pitching for 19 months was obtained.

Fig. 3 Fragmentation of the medial epicondyle remained separated in a 11 years old infield player who was

forced to continue throwing.
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Fig. 4 Capitellum necrosis of a 11 years old pitcher. Continuing pitching resulted in loose bodies and sSpurs
formation 3 years 8 months after detection of his Jesion.

- Standard View -

.‘

Fig. 5 Healed capitellum necrosis (stage of dissecans) of a 14 years old catcher with a method of muscular

pediculated bone grafting.
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Elbow Injuries in Adult Athletes ; A Five Year Analysis

Taketomo Mannoji

Department of Orthopaedic Sports Medicine, Kanto Rosai Hospital
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Athletic Injuries of the Hand
—— Joint Injuries —

Haruo Takazawa
Department of Orthopaedic Surgery, Yokohama City Kowan Hospital

Characteristics of the athletic joint injuries of the hand were examined. The hand injuries of
athletes were more frequent in MP joint and wrist joint than those of recreational sports.

Most of ruptures of radial collateral ligament of PIP joint showed conservative treatment, so
that no reconstruction were needed.

In case of hyper extension injuries of the PIP joint volar plate disruption may occur with or
without a small chip fracture of the base of middlle phalanx. These cases were treated by immobil-
ization for three weeks.

Whereas extension contructure of finger metacarpophalangeal joint gave more trouble for sports
activity than instability. Rupture of collateral ligament of finger metacarpophalangeal joint was
treated properly in order to gain enough flexion.

It is reported that injuries of the radial collateral ligament of metacarpophalangeal joint of the
thumb occured less frequently than ulnar collateral ligament injuries. But, Frank and Dobyns
reported higher frequency of radial collateral injuries. In chronic case surgical treatment was
recommened and good result was gained with advancement of abductor pollicis brevis for four cases
of rugby foot ball players.

But a certain goal keeper has been still playing ever since he got rupture on radial collateral
ligament of metacarpophalangeal joint on the left thumb five years ago. This case tells that the
degree of disability should be correctly examined according to the kind of sports.

Chronic posttraumatic instability of carpometacarpal joint of the thumb causes pain and trouble
for sports activity. I gave late ligament reconstruction (Eaton and Littler, using flexor carpi radialis
tendon) on such cases to get good result.

I recommend this treatment rather than arthrodesis particulary for athletes.

The causes of wrist pain of athletes, sprain, dislocation of the distal radio ulnar joint and
fracture of the scaphoid, were seen. For most cases of fracture of non-union of scaphoid surgical
treatment was preferable.

AR=VIMEDEBIZS WL TIE, AFE—YDITW VY IAyayAR=YTiEEEL PIP B&R
FH, Thbb, BLAZVIZ7YI(AvaryAR—VE FIEfg &, I B iR e B e T2008% <,
LTfT2 T3k, BFREELTAR=—V(IT-T0n 3 FOBRBIYRABREECYEE &3 0L T
DEEETILENS D, 3 ENEEER D,

Key words: MP joint, CM joint, wrist
Address for reprints: Haruo Takazawa, M. D, Department of Orthopaedic Surgery, Yokohama City Kowan
Hospital, 3-2-3 Shinyamashita, Naka-ku, Yokohama 231, Japan.
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Fig. 1 O F. 22]. Male. Valleyball.
Ruptur of radial collateral ligament of MP joint of the left thumb
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Fig. 2 T.K. 21]. Male. Rugby.

Fracuture dislocation of carpometacarpal joint of the right thumb.

WY

Fig. 3 K.T.18]. Male. Baseball.
Palmar dislocation of the left ulna.
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Fractures of the Hand by Sports Activities
—— Boxer’s Fracture —

Junnosuke Ryu, et al.

Department of Orthopaedic Surgery, Nihon University School of Medicine

Among the injuries of the hand by sports activities, there is hand fractures resulting from violent
force of punching, which is sometimes recognized in boxer, Karate and other punching sports player.
We experienced 60 fractures caused by punching force in 59 patients during 5 years. All patients
were boys and men. Twenty patients were injured during boxing, and 39 in other occasions through

punching force.

We examined characteristics of hand fractures caused by boxing. The average age was 23 years.
Most of the injuries found were in metacarpals, 6 in Ist (4 of Bennett’s fracture ), 7 in 2nd and 5 in

3rd metacarpal shafts, 2 in 5th metacarpal necks.

Open reduction and internal fixation were performed in 14 cases. Seven cases of re-fracture
occured in the hand fracture of boxers after treatments.

Causes of hand fractures in boxers are the threefold ; too strong force of punching, hitting a hard
part of the opponent body such as head and elbow, and punching with incorrect knuckle part.

The hand fractures by boxers tend to suffer from re-fracture, therefore it is necessary to do
anatomical reduction and to avoid the use of punch until complete bone union.

The incidence of re-fracture in this series including boxers fracture only was 35 %. Such a high
re-fracture rate suggests the difficulties injudging when they can return to boxing.
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Key words: boxer's fracture, fracture of the hand, athletic injury
Address for reprints: Junnosuke Ryu, M. D., Department of Orthopaedic Surgery, Nihon University School of
Medicine, 30-1 Oyaguchi-kamimachi, Itabashi-ku, Tokyo 173, Japan.
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Table 1 Cases of Hand Fracture by Punching

60 fractures in 59 cases

Sex  all males

Age 1 13~35 yrs. (22yrs. 4mon. ave.)
Causes of Injury :

Boxing «orrreresarereee 20 fractures in 20 cases
Karate -+ - 6 fractures in 6 cases
Fight rooveremeeeeeenneee 16 fractures in 16 cases
Panching machine - 8 fractures in 8 cases
Others wwrrrreereees 10 fractures in 9 cases
Parts of Fracture :

I Metacarpal bone 7 (5 Bennett)

11 " i 8

[I[ " " 6

W 7 n 5

Vv Vi n 30

Navicular bone 4

Table 2 Cases of Boxer’s Fracture

80 - A

FrsrnEn 74, 5L %, MMEDFBEERBEDO W
H¥ 5 Boxer B 2Bl ERDO R 2 Y —DEIFT
e, LLEDREFID 14 Bl FMEEEE T, 76
ICHBI RSB L. FMORFRL 14514 10 flic
% Kirschner ###Riz THEE 21TV, 46z =7
L— bEIEE ES A BEREEGA L.

MEDKR 7Y —BIF > H2OERMDOBHDE
&, B, WE, FEREODOTREL -,

& ES

L #HRFORA
BIROREE Y F NOESEFICETHE L, &
DI EEBEFIEDOT R F DR ET-> T

Fig. 1 Parts of Fracture of Punching.

Case Age (yr) Parts involved Cause Pr%l_azsr aAnlia. Treatment
1) T. M. 19 I MCB Match Bantam. pro. op.
2) K. K. 25 ®1 » i Fly. pro.

3 KN 25 ®1 (Bennett) " I pro. op.
4) T. K. 24 ®wI (7 ) H Light. pro.

50 S L 30 I (7 ) " Bantum. pro. op.
6) Y. K. 20 ®I ( » ) n Light. pro. op.
7 T S 23 ®IMCB " Fether. pro. op.
8) T. W. 19 ®I 7 " Welter. pro.

9 T. H. 21 (B3 ” Light. pro. op.
10) K. S 21 DI » n Fly. pro.

1) S. N 19 ®I » Z Bantum. Ama. op.
12) K. H. 20 ®I » s Middle pro.

13) S. O. 21 ®1U 7 7 Light. pro. op.
14) H.E. 27 o o» / Fly. pro. op.
15) Y. M. 24 ®u 7 " Fether pro. op.
16) N. H. 17 ®u Practice ” Ama.

17) M. Y. 20 ®I 7 Match " pro. op.
18) T. O. 19 ®m s i Fly. pro. op.
19) N. S. 23 RV » ” L. Middle pro. op.
20) T. K. 23 &V » Practice Bantum. Ama. " op.
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Fig. 3 typical 2nd metacarpal fracture of boxer’s
hand
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Summary Comment—
as the Organizer of the Previous Symposium on the Some Subject

Tatsuya Tajima
Department of Orthopaedic Surgery, School of Medicine, Nigata University

Discussions of the previous symposium, in which the object was limited to the sports-injureis of
the hand proper, will be summarized as below.

Base ball, Volley ball etc. in which ball hits finger, tend to cause I-P Joint injuries, such as mallet
finger, ligamentous injuries of PIP joint etc.. Boxing, Karate etc. in which knuckles hit hard objects
tend to cause MP joint injuries, metacarpal neck fracture. Dorsiflexion injuries of the wrist, MP-and
CM-joint injuries of the thumb are caused by gymnastics, judo and many other sports. Players sustain
much oftener than amateurs, dominant hand oftener than nondominant one.

Survey as to the treatment actually given revealed that the relatively few injured submit
themselves to specialists, moreover not early enough, many never go back to an appropriate
treatment after simple first aid treatment, leading to high incidence of sequelae.

Sports-players can be classified roughly into three groups, amateurs with wide range of age,
professionals and student champion-players. For the former two groups, orthodox treatment can be
commenced whenever necessary, but for the last group to participate or not in a cartain game means
to catch or loose a golden opportunity. Therefore, the player’s doctor should consider to permit the
player to join in an important game, if he can play and it does not influence the outcome unfavorably.

As the decisive treatment, conservative treatments are chosen in cases in which spontaneous cure
is expected, serious dysfunction does not last, whereas operative treatments are indicated where
sports and daily activity are otherwise impaired, or a simple procedure relieves pain which may last
long otherwise.

In sports-injuries within the hand proper, there are few effective prophylactive measures except
keeping a good general condition, sufficient warming-up, appropriate selection and fitting of equip-
ments indispensable in each game.

On the contrary, prophylaxis is very effective in sports “lesions” caused by other than injuries
such as overuse or impingement syndrome, stenosing tenosynovitis etc..

Majority in sports lesions in shoulder and elbow joint, newly added objects of today’s symposium,
fortunately belong to the non-traumatic “lesions” above described, in which prophylactic measures
are very effective.

One thing to which attention should be drawn is that chondral and other intra-articular fractures
should be diagnosed and operatively treated without delay.

In conclusion, more active participation of sports-doctors enables more effective prophylaxis of
sports-lesions, shortening of treatment period and decrease of incidence of sequelae.

Key words: hand, upper limb, sports-injuries (lesions)
Address for reprints: Tatsuya Tajima, M. D., Department of Orthopaedic Surgery, School of Medicine, Niigata
University, 1-757 Asahimachi-Dori, Niigata 951, Japan.
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Anterior Interosseous Nerve Palsy

Akira Nagano
Department of Orthopaedic Surgery, Faculty of Medicine, University of Tokyo

In this paper, 31 cases, 33 nerves of anterior interosseous nerve palsy are reviewed and the causes
of the palsy are discussed.

The cases are divided into two groups. Group 1, 22 cases, 23 nerves, is of isolated anterior
interosseous nerve palsy. Group II, 9 cases, 10 nerves, is of combined palsy of pronator teres, flexor
carpl radialis, and palmaris longus with anterior interosseous nerve palsy but with no sensory
disturbance at the median nerve area.

Patients were treated conservatively at first, but 10 nerves which did not show any recovery signs
were explored at 6 to 9 months after the onset.

The results of conservative treatment were as follows: complete recovery in 5 cases, useful
recovery in 12, no improvement in 3, and unknown in 3 cases. Muscle contraction in recovered cases
could be detected between 4 to 10 months after the onset.

Nerve exploration was carried out on 6 nerves in Group I and 4 nerves in Group [I. Nerve
constriction by fibrous band was detected only in one case of Group I, while 9 other nerves showed
only softening or discoloration.

Among the 10 Group II nerves, 4 were diagnosed as neuralgic amyotrophy, and no nerve
constriction was found in 4 explored nerves. Accordingly, the cause in this group is thought to be
neuritis, not entrapment neuropathy.

The cases in Group 1 may have been either neuritis or entrapment neuropathy, however as most
of these cases were treated conservatively, it is impossible to comment on their exact causes. From
the literature it may be considered that the cause may be entrapment neuropathy where the palsy
becomes progressively worse in the course, in relapsing cases or with Hill's incomplete syndrome.
But in idiopathic complete paralysis, no index could be found to differentiate neuritis from entrap-
ment neuropathy as the cause.

BT R FRE OB, BERCHI > Th- b/
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fIE 5 & # R

Key words: anterior interosseous nerve palsy, etiology, neuralgic amyotrophy, mononeuritis,
entrapment neuropathy.

Address for reprints: Akira Nagano. M. D, Department of Orthopaedic Surgery, Faculty of Medicine, University
of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113, Japan.
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Table 1 Localization of the pain at onset
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1 I
= . .
Neck, back 1 2
Shoulder 2
Arm 2
Arm ~ forearm 4 1
Elbow 6 3
| Forearm 4 2
Wrist 1
Total 18 10
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Table 2 Results of the conservative treatment

I 1 iTmm

T |
Complete recovery 3 2 5
Improved 10 2 12
No change 1 2 3
Unknown 3 | 3
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17 6 23




896 =

disease, EINFHEIESF & DEFIHLEE RS, Ihs
EDERNFHER 2 & OEIIIRE LB OTFEL S
GBI EHEL <l n,

Neuralgic amyotrophy (I AREDRE & L T Par-
sonage and Turner LIE® < D#EMH 5, BWHIL,
FERETE BB H % b D neuralgic amyotrophy
EEzZ oD, EESURECERSL SN IR
THHEFRE T 13 % OIRAE L BTREEICH 2 ORI
BB x5, HENEEREICEELSTD
Stz b it Kiloh and Nevin @ 9 isolated
neuritis £ £z T %,

EIRNAAREIR BE & BB RITRE I & O &R ETHFE
OB, MEEEOEEICLIRENEL, FOER
WWEETH S, EIAFHERE 30 532 &0 5 bRIF
FEIFRRERRE & £ > TWERNIR 11 ME T H 208, B8
Dbhok THRREFHERTHUINOTEL TS
D, FIEEEERE L TFEROE»S LR > EDKE
LTBLESDS.

STHREDRE, BEFEZD 2P TL-> L LEEE
b I L RAEORASEIRHRESE, ThbbilE
MR EREE T H 5 D H>, Kiloh and Nevin D> > 1
BRETHLZOPOENCH 5,

SEAE % BB RER SO L BEREG, &
RIFARE A, REGHOMB 2 E D BED 2 BT 028,
FIEIAE % & ORBE XD 10 M8 TiE, 4 81 neur-

Table 3 Case reports of the entrapment
neuropathy of the anterior interosseous

nerve palsy
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Author | Age Sex Cause
Fearn 9 M Idiopathic, improved by rest
CBd'A " | but recurred
Sharrad 2 1M |Elbow hyperextended, improved
WIWw by rest but recurred

Vichare NA | 60  F |Elbow hyperextended

50 ' M |Idiopathic? occupational?
Idiopathic
Spinner M | 13 ' M |Carring heavy weight
Schmidt H | 60 | F |Idiopathic, gradually aggravated
40 | M ‘Idiopathic

&
=

Stern PJ 18 ' M |Idiopathic
: e At >
Rask MR | 35 | F Idiopathic? occupational?
gradually aggravated
39 Elbow hyperpronation and

extension
Stern MB 30 | M |Idiopathic
35 | F |Fall, gradually aggravated
61 | F | Idiopathic, gradually aggravated
Kogima 35 | M |Idiopathic
Murozumi | 50 | F | Idiopathic
Maeda 40 ‘ M | Idiopathic
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Pronator Syndrome

Akira Okada, et al.
Department of Orthopaedic Surgery, Nihon University School of Medicine

The pronator syndrome is known to be an entrapment neuropathy of median nerve in the

antecubital region, however it is very rare.

In this study, we make clear the pathogenesis, clinical features and treatment of this syndrome.

We have reviewed 23 cases, 25 nerves of this syndrome at our institution from 1975 to 1985.

22 nerves of them were treated conservatively and the rest were operated.

In this study we gained results as follows.

The most common lesion is the level of the pronator teres muscle, then this syndrome is named
to be “Pronator teres syndrome”.

The most frequent symptom is mild to severe aching pain in the excessive repetition of finger in
flexion and forearm in pronation. In addition to constitutional nerve vulnerability, such
movement are thought to be most important cause of this syndrome.

Transient improvement of symptom after injection of hydrocortisone to the pronator teres
muscle is to be a diagnostic aid.

Conservative therapy, which includes prohibition of finger flexion, forearm pronation and injec-

tion of hydrocortisone will help alleviate the symptoms. For persistent or progressive symptoms,

exploration with release of the offending compressive band will be necessary.
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Key words: pronator syndrome, concept, pathogenis, therapy
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RECFHR T LEOAITHELS 2 VEHELETO
e FE, fiEOEES TR anD, BEL, #Ex
DEFOBENAES B> ThH, BBT 2 I RlF
EEd, ARERREERD 2 ik OB RET
52ETHB. PIATEBRENICR SN0 b REMOES
T, BOv vy~ EfFIdERIORES, RiER
BRINERS»SH DT >TEY), SoRBEENHRE
AR, RN R RST 2LESD
3, Db s FESBENLERCLIOBELS TV
& ¥ 5% occupational neuropathy & > # 2 /5 & H
fEahz,

P s

FAEC IR L 2 2 BN 2, entrapment point

MEDIAN
NERVE

SUPRACONDYLAR PROCESS
LIGAMENT OF STRUTHERS

when present

PRONATOR
TERES
MUSCLE

SUBLIMIS
MUSCLE

Fig. 1 Anatomical relation between the median
nerve and the pronator teres muscle.

Fig. 2 Clinical features of the pronator
syndrome.

X shows tenderness over the pronator
teres muscle and the thenar eminence.
Dotted area shows hypesthesia of the
hand.

Table 1 Other entrapment neuropathies which go
with the pronator syndrome

SR —

Case Age Sex Affected nerve

3 23 female medial plantar nerve

4 24 female sural nerve

5 24 female tibial nerve

7 40 male tibial nerve

8 34 female lateral plantar nerve
10 52 male median nerve

16 20 female ulnar nerve

20 52 female median nerve

T3 % lacertus fibrosus DEE, MEIFZRMEEOR
BRI DETE, RIBREMGEOE W fibrous arcade %z ¥
OE LORMSTER S S (Fig. 1.

3. ERRAEIR

BEERELTFE - FEOLFIE (BBHO
100 %) #£9& (90 %) #iA o0, MMEAIC I RHERER
gt IEPHRHEROMARE (100 %) & L UARA
BEADOER (5%) BB8bRb0THY, HENE
o Tinel RS Bt & x5 Z La5% v (Fig. 2),
HEEE L IENNEHHETERT 2 e84, £h
CEHERG OB IPEROD T L RETE*422 L
H2H3, good O IXTFIEETH 5.

EHWHBETANEZ L IZERE 2364 8 Flic (17
35 %) ff1> entrapment neuropathy £ &L, &l
DM HCOLFHETH S, SHEE IChORBHE
[EE%&6f4 5 Z L5, entrapment neuropathy =
B AHRENHEORBYESHE R NS (Table
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fEG) 4 TRBHEMRORELRESZ D o h, BE
SHENCZER & A IEEENFET 5 (Fig. 3).

4. B

EpmERIic iz €, FRE % 3 iERe, FRERK
EEBOBRE, ERENEE & 3 EROBHET,
HLEBEZHARETHS., LrLBEHRGERELLS
A7 a4 FEBROMBNRHESRANORER L 2 EROE
RCEMETEE L 25, %7z BEHI 23 fld 17 BT
EX, HECEREOREF TN Ih b EEE
ERL, 2610HMEMEEEHESERAL D b n
DR, ®RZWERBHFOBMBERREREL DI
LREbhaY,

% 7- Spinner” MOIZIE L - EERFR I & 2B EERAL
DRIFHRZDWT ORI L, TRb5, 1) FHREE
i, BREPESNCIE 2 N2 CERSET I, [
EINEFER T, 2)RaEEE, AiRESER TN
Z THERIE% 3 g lacertus fibrosus T, 3) ##5 PIP
BHERE HOEE I R 02 TERBERE 2 NHE R
A O fibrous arcade & L T3, HERFITE 13
Bl Z DHEFHBRET e, 1980 RicHeD 10 FlIcH
HERL, SFIEFABAGEE, 0 2 FlIIEMIEAS
CEEEmHTOEEEE s Eb e, UEL DX
REMTBN 2 3 DB wS, HEKNEEEDOH S
FEL LD,

5. #ERIEE

BEfE, MIEREE L ¥ sensory neuropathy % ik &
L PER ¢l SEEREARAE, ML MRS, FIRE
EREE: ©  OERISRHETH S, L LAROME
WIFEA~ADA T 04 FRER L 2EROERIEAY
DRI 2 D185, 37 ERR AT RIREEREE

Fig. 3 Dotted mark shows hypesthesia of the
foot. (sural nerve neuropathy)

Fig. 4 Typical anterior interosseous nerve
syndrome shows pinch attitude.

Tl%:'

Fig. 5 A fibrous band compresses the median

nerve. {between two heads of the pronator
teres muscle)

Table 2 Operative cases

Affected| Entrapment
| Case Age‘ Sex Side otk Result
1 12 male left Jacertus excellent
fibrosus
2 35 |male right pronator teres excellent
muscle
4 | 24 |female| right |Pronator teres . ciient
muscle ’

LRAEEECRE, MEERNEBEOER, LUK
B R CERNTIEEN 13, AE T FTE R IR
® & 37z pinch attitude® 2 RE R W I L b RERE
Wwewz 3 (Fig. 4. 2o X FREERBEESN O
ERHBEG TR, KETHE flick sign 27T 2 &
WELOHTENRTHY, 0 BBIEE & 2 FIREER
B 3BERMR EANEROBEESE I T UTERIT]
BETH D,
6. BEBIUFER

34 —
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z2ons (Fig. 5). BEREITIE IFICFMMHBITL, 2
FlixAERN A mEER, 1#0i3 lacertus fibrosus i & 3
B TH-7e, chsiRnInbBRAMIEL, &
GRISECIER L DERTH » 7. AR KERE L 7
WA, HBEERLZCEELTHS (Table 2),

FEE B RFTREMERSDRNTHY, &
B O REBREEL, MOERbBHKIEET 5.,

k4 & &

1. EAEREGITERIMEERE LRI—KR L
ZZoNbIEMNDBH, KWHE, BKED» S IIBARK
RBTRETHY, FLEHREOOTUE, PLEdH
B & 3 RKEDERIM FARAGERTOEFHZEESE
LHESND I L XD HEAHEREE S BRI
LrBEbhs,

2. BRRBRECHENZHEEOSEBEE, S, I
2 CBEOEEH, FRENREESCIDREL
borEZHND.

3. PHEAERE, AERABIROERER SOBEK
AR INZ, ABABHEADAT v RRHEC L 54
ROBEPBEIRME 2 DIES,

4, WRIZREEESDROTCHY, &S, BHE
Bl L TERBEICS H 5. FHRIGRIFT, 251006
BOEROKIELRERH B,

X [

1)  Buchthal, F., et al.: Electrophysiological

findings in entrapment of median nerve at wrist and
elbow. J. Neuro. Neurosurg. Psych., 39: 340-360,
1974.

2) Hartz, C., et al.: The pronator teres syndrome:
Compressive neuropathy of the median nerve. ].
Bone Joint Surg., 63-A : 885-890, 1981.

3) Hill, N, etal.: The imcomplete anterior interos-
seou nerve syndrome. J. Hand Surg., 10-A: 4-16,
1985.

4) Jonson, R, et al.: Median nerve entrapment
syndrome in the proximal forearm. J. Hand Surg,,
4: 48-51, 1979.

5) RE®RIE 5 Pronator syndrome & 6 5, B4
1,191 1147-1149, 1968,

6) {EBE®HB @ BB s 5 Entrapment Neuropath-
y, HE£EE, 6 101-110, 1979,

7) Spinner, M. : Injuries to the Major Branches of
Peripheral Nerves of the Forearm. 2nd ed., Saun-
ders, 192-198.

8) MM & AIERERERE & ONERE, BF
4R, 321 1587-1589, 1981,

9)  Werner, C., et al. ; Clinical and neurophysiologic
characteristics of the pronator syndrome. Clin.
Orthop. Related Res., 197 : 231-236, 1985.

£ HEZEEREEHERFER KN #

Pronator Synd. a1z i3, 2% D Neuritis 23[R RE
ERSOTVWRLDNHEEEZLD,

LEHE, FMTEhEERL TS, FHENE
N5k, %40 fibrosis 338 3 4, HEOFBEIZ 4 <
7, entrapment D& %D 5, BT A T3
IR B,

(]

| % HARFEFMELIE BH =

3B FEMFLFCHITEFERH THB D, neur-
itis £ \»3 Xk H X entrapment neuropathy #%& 2 %.
ZCBTROAREER £ v» 5 dynamic factor 25 Okk
LTREL-ERDNS,




E T2 (J Jon Soc. Surg. Hand), 3% # 3% 902-905, 1987

Internal Neurolysis O3&EG & iiiE
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Indication of Internal Neurolysis and its Result

Minoru Sakurai
Department of Orthopaedic Surgery, Tohoku University School of Medicine

When the nerve trunk is compressed for a long time, neural fibrosis is accompanied. Fibrotic
epineurium or perineurium constricts neural axon. Epi-, perineurotomy is indicated to neural fibrosis.

This internal neurolysis was performed in 61 cases of entrapment neuropathy as ulnar nerve
palsy and carpal tunnel syndrome. 48 cases showed complete recovery and the remained also
partially recovered.

Not only regional delay of nerve conduction velocity tended to return to normal value after
surgery, but also it was found that rate of blood circulation increased by decompression and internal

neurolysis.

Internal neurolysis O#LE

@
ngo?
i

il
1 |
CI‘—I/

Entrapment neuropathy @ Z & { BHIIcH 7z -
THEBREBEI N Y, KEULERLND % L&
TERDILRI DR I L, »h ¥ 5 pseudoneur-
oma ¥EH L, FO—HEESHERSBIEL THD
HEES, BELLESEIC LD MERNOMEH
(PrRan, 0T HEES N THREOMEEHEY
BET 5. 2 OBEBAS DOEIED KB neural
fibrosis ¢ BT X2, ZOFRELXRAMNICIHET 2
EPNFig. 1D Z & £ &%, % b B intraneural
fibrosis 1& epineurial type, perineurial type, & U
endoneurial type, %5 bzﬁﬁ%~%ﬁ%ﬁ§%bd¥5 LoD
i dispersive type L BT SN 5. EFELEERD
entrapment neuropathy 13 KX &85 »3q1 2 & TEHE

!Z endoneurial fibrosis ¥ 3.

&

P Y
Je
oP

g

o
(A K
B

Fig. 1 Classification of neural fibrosis. Top figure

Internal neurolysis 3 8 < JBE L 72 2 h 5 0 is normal nerve. The second is extraneural
fibrous element *{IB L TEAR~DFE B % MR T 3 fibrosis and the followings are intraneural
FERTH B, fibrosis. Black portion indicates fibrosis.

Key words : peripheral nerve, entrapment neuropathy, internal neurolysis, blood supply to nerve, neural fibrosis
Address for reprints: Minoru Sakurai, M. D., Department of Orthopaedic Surgery, Tohoku University School of
Medicine, 1-1 Seiryo-machi, Sendai 980, Japan.
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DB R DIBE

B TR 2 > T2, #DRLOR
By X B TR L THEEL T 3 E SR

Fig. 2 Appearance of neural fibrosis.
a: Normal portion is elastic and flexible.
b: Fibrotic portion is rigid and lifted up
over a certain distance with a blunt instru-

ment.

Fig. 3 Technique of internal neurolysis. Neural
element buldged out by epi-and perineur-
otomy.

Fig. 4 Example of protrusion of neural element
through incised space.

Table 1 Effect of Internal Neurol Ysis to
Entrapment Neuropathy

Complete | Partial
Recovery | Recovery
Ulnar Nerve Palsy 61 48 13
Compression under
Oshorne Fibrous Band
Tardy Ulnar Nerve Palsy
Subluxation
Stretch by Cubitus Valgus
Osteoarthritis
Simple Neural Fibrosis

Number

Carpal Tunnel Syndrome

fibrosis ##€ Z L Tr 2@ RIREETH 3 » & inter-
nal neurolysis # 1z 2 BIGBA TH 5. Ay 2RA
THEBRETLOBEH T THB LIEHEDES mLME
BEpIT S FHE D 285 235 28 (Fig. 2a), fibrosis
EFREILTOLARROER b > T—EiriEs -
->7T< % (Fig. 2b),

F o OF #

I ERD REFHE L FARE RO EFHE I BRTHRE T
BET 5L xRAIL L, #ERARREAORE
1Th 7 vy, Neural fibrosis ##2 Z L T % epineur-
umic vy X7 U Y RIGAOERE TEBNREK
FEAL, ¥BWHCHENL o7 & 2B R RRA
TAAQEREEOENTAIELE &2 L5 wdl%
Mz 4. Epineurium O£ & {Hid 23587 aiE, EiE»
&, FO perineurium AZEH L THE L, ZDZEH—
BRI 2 & CALll, B & EMEERL T, 20
BE extrinsic vessel ERET 2 L S5, ZDEHY
FRTERET ST, BOLAEYZEETHEED
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Fig. 5 Evoked electromyogram from intrinsic
muscle in ulnar nerve palsy.
a: Moderately affected case. Dispersion
phenomenon is observed in potential.
b: Normalization of curve after neur-
olysis.

LO8HNTH 205 FAZEOERIIZ>TH L w,
Fibrotic &2 7 - 7 perineurium ¥ L T & RO
ERTHEEANTITL (Fig. 3), AL VBERBDE
5 » neural element AZEH L TR &£ 5 Thhid
RAEHE > TZEHTH D, FWMORR L RKICHAR
B, X ADRIESHE AR AT L T
DT 2EBERLLZTHAD. FhLERE
ADEMIFERTH D, BRICIEHES 2L 0D
LREFFREBREEE WA D, NV TRICHERSTR
VHELTL % M0 kinking BEf a5, =2HL

%

Mo —Hicw 2 2 CEIRR LR T 5 (Fig. 4). fh&
L T& 5 L -+47 internal neurolysis 1T 17 25
FUEESHLEBERL TS,

F W OB ¥’

Internal neurolysis #4Tv> 1 ELL R B BE LS
PoIEBIE 107 D B8, AR TRASHLDMEND -
fo. HEZHEI G BN, —ERIESE & D dispersive fibrosis
EELTCORER L EEDRMETH 5. Entrapment
neuropathy @ 61 Bl Tl EL A EERELZ R L b
DH 48, ASPDRBERLICHD I3 TTATR
neurolysis DR % Z D7z (Table 1),

3 1d internal neurolysis 3R Db DO EHR
DORTRHEERD R FMEE L T 2%, entrap-
ment neuropathy TIEAN O FEBRF DR HiC &
% decompression (I HALED LD TH B, ¥ LTE
FEPLE D 7: D FER Tk £ 12 King #5142 & % epicon-
dyloplasty, SRFICIT 2 BEEMC & D 1RO RE
EEBERISBOLFMEMZ 5,

X u R

FEROFERZ REMERREE IR L PR Tl E
HOAMEHEEHIEBN S Z & 2EAL T 5 (Fig.
52)", ERFEEHERTEOIMAEORIBIC L - TXR
mrsOEMPEHEE LV EHELIERT S
dispersion DIRBHI|N 2, T NILEE R DY
WESRHC L > TR ICBET 2/BREEZON
%, Decompression & neurolysis D%, EEREIRDY
o DB o dispersion I b IEHE O BI& 0 spike
WIRBT AL Db (Fig. 5b),

FLFMORMBCHMBERRERC OMFA %
LASER-doppler f#i st TEHEI$ 2 BB L 72 10 5
TARTIK BT 25~300 BOEENER = 1l (Fig.
6)?.

I D B 3 1 decompression & internal neurolysis
W& B R BE DB IR I ERARRE A ORRE W & D #hER
WA ET S 2 L OMMITRESNAEL TS I L
bREEFELEZONRS,

#® E

1. Entrapment neuropathy (&% L & 5k5 & D

FE8RF % 8B 3 5 i epineurium, perineurium @

neural fibrosis (Z¥f L internal neurolysis 0% 7:.
2. 6l¥loh 48 FlidE eI BBEIIEITCL, O D
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22yrs. female rt. ulnar nerve palsy

Gain X2
= VII=
= 0=
=i o
=1 =
=: 0=

— e o - 1
—r %EEMF'O:
before neurolysis after neurolysis
Time constant ( fong: short ) ( long) ( short)

Fig. 6 Measured blood circulation. The left if before neurolysis. The center and the right are records of

increased flow.
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Results of Operative Treatments for Cubital Tunnel Syndrome

Yoshikazu Ikuta
Department of Orthopaedic Surgery, Hiroshima University School of Medicine

During past 14 years (1972-1985), the surgery was performed in 116 case of cubital tunnel
syndrome. In 26, the anterior transposition of ulnar-nerve (Group 1) and in 90 cases, the resection
of medial epicondyle without ulnar nerve transposition (King's procedure, Group 1) were performed.
In group 1, the surgery was indicated for the patients who had ulnar nerve palsy due to cubitus varus
deformity and in group II, who had osteoarthritic changes or cubitus valgus deformity of the elbow.
The degree of ulnar nerve involvement was categorized as 1) not degenerated, 2) moderately
degenerated, 3) degenerated and the results of the surgery were divided into 4 groups as excellent,
good, fair and poor.

Fourty eight cases were followed up directly for a average period of 7.6 years. The results were
excellent in 19 cases (36.4 %), good in 19 cases (36.4 %), fair in 9 cases (18.8 %) and poor in one case
(2.1%). There was no relation of age and degree of valgus deformity as regard to the result of
surgery in both groups, however, there was relation between the duration of onset to the surgery and
the degree of ulnar nerve degeneration. That is, in the shorter period of onset to the surgery, the
degree of nerve degeneration was lower and the operative results were better.

The operative results of group I and II were not remarkably different except the course of
recovery, which was initially somewhat different in group II it was faster as compared to group I.

To our experience, the anterior transposition of ulnar nerve should be performed not only in
cases of recurrence, severe cubitus valgus deformity but also in cases of cubitus varus, severe
osteoarthiritic changes of elbow joint and in any compression of the nerve by ganglion or tumor.

FEF1 46 £ 5B 59 FF TO 14 ERF BB TH
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HowmEETo 7.
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FMEBIERTH S,

EL L FMAEOBMRIE, Fig 1lole<, HBET
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Key words : cubital tunnel syndrome, ulnar nerve palsy, entrapment neuropathy, anterior transposition of ulnar

nerve, King's method

Address for reprints: Yoshikazu Ikuta, M. D., Department of Orthopaedic Surgery, Hiroshima University School
of Medicine, 1-2-3 Kasumi, Minami-ku, Hiroshima 734, Japan.



IR BRI 13 3 B FUTHE AR AT 907

Age 10 20 30 40 50 60 0¥
King’s method MM 89 Cases 90 Elbows, 12 ~78 Years

Ant. trams. 26 Cases 26 Elbows, 14 ~77 Years

Fig. 1 Age distribution and Operation Methods.

T ]

Excell. Good Fair Poor

Fig. 2 Results of Operative Treatment for
Cubital Tunnel Syndrome

SEOBENER CNE THRHICBLTHFALTE
REELRET, BIREORENEHT, T2um
Brarbn, REHMEOHRERERTHLLERD
EELETLO, JEMEORBETDSNLH5, %
BEEOEELXET O, TEFEOWENED 5
Nz, HEVIEROEELALbOE L, &
7o, WHIOMEOHERE I, BEERVMERRC
L0, EMR, A, EHEAO IS,

ST, MBTHICETOBEFOBESR I
Fig. 2Wmd 2 <, B, REBIT196136.4 % T,
BETT2.8%L%Y, TiZ96118.8%, iz 14
2.1%Th5, F9 EWEERE, SRAR EHEOEH
B, H 500 RA L BREOMICEEE2BRZ RV,
—7, HROWHOLEE & Bkl (Fig. 3), FEH» o
FMi & oMM & ORI 2 FRREBE RS & L7
(Fig. 9). 3%bs, BHEMEL, »ORBCER

120
100 |-
95
9Q |-
85 |-
80 |-
75 |o
70 |
65 |-
60
55 fon
50 |
45 |-
40 Jon
35 o
30 |-
25 fo-
20
15
10 |
5 o
0

15

Non Moderate Degenerated

Fig. 3 Correlationship of the Severity of Ulnar
Nerve and Terminal Results.
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Fig. 4 Correlationship of the Time Interval from
Onset to Operation and Results.
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Fig. 5 Results and Operation Methods.
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Cubital Tunnel Syndrome
—— Epicondylectomy ——

Osamu Akahori
Department of Orthopaedic Surgery, Saiseikai General Hospital

Epicondylectomy is our first choice for the treatment of cubital tunnel syndrome secondary to
osteoarthritis of the elbow, because this procedure is less invasive and is appropriate for the
preservation of the blood supply.

A curved incision is made medial to the elbow. The periosteum is separated with a common
flexor insertion cubital to the epicondyle, and with ulnar nerve dorsally. The exposed epicondyle is
resected and the cut surface is covered by pronator teres and common flexor muscule and, also, by
the dorsal periosteum. The epicondyle-olecranial ligament and fibrous band which can be compres-
sion factors, are released sufficiently. External neurolysis is also performed. After cleansing and
hemostasis, the skin is-sutured followed by plaster cast splintage. Rehabilitation can be started just
after the suture removal at two post-operative weeks. Conduction velocity is measured every two
months after the surgery.

The prognosis depends on the degree of pre-operative paralysis. In 1972, this condition was
classified by us into 5 stages according to their clinical signs and conduction velocity. Since 1980,
sensory action potential has become easier to measure by a mean averager, and the cases with motor
and sensory conduction velocities of 30 or 40 m/sec were increased. Our classification was revised as
follows: stage I represents minimal hypesthesia, hypotonus or minimal atrophy of the first dorsal
interosseous muscle with preservation of normal conduction velocity ; stage 1l is apparent hypesth-
esla, interosseous muscular atrophy without claw deformity or Froment's sign, normal motor
conduction velocity (MCV) and decreased sensory conduction velocity (SCV) ; stage Ill represents,
typically, progressed hypesthesia, claw deformity, and Froment’s sign with a lower limit of normal
MCV and lowered or absent SCV ; in stagelV, these clinical signs are at a maximum including
muscular atrophy with occasional loss of pain sensation, MCV being decreased and SCV almost
absent ; in stage V, the distal latency from finger joint to “pick up” is delayed, suggesting ulnar nerve
degeneration extending to the periphery, not limited to the elbow joint.

More than one year of post-surgical follow-up was done with 39 patients operated on over the
last 6 years. In those with stages I and II, 12 patients were excellent and one was good. In those
with stage III, 3 were excellent and 12 were good. In stagesIV and V, 3 were good and 8 revealed
fair prognosis. These results indicate that our pre-operative evaluation correlates well with their
prognosis.

Key words : ulnar nerve, paralysis, cubital tunnel syndrome epicondy lectomy,
Address for reprints: Osamu Akahori, M. D,, Department of Orthopaedic Surgery, Saiseikai General Hospital, 18
-17-1 Ifukutcho, Okayama, Japan.
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Table 1 Classification of cubital tunnel syndrome

Findings Conduction Study Clinical Symptoms
Stage Moter Sensory Moter Sensory
Hypotony
1 Normal Normal Muscle Weakness (£) Numbness

Clow Deformity (—)

Muscle Atrophy ()
11 Normal Decreased Muscle Weakness (&) Hypaesthesia (£ )
Clow Deformity (%)
Muscle Atrophy (+)
1 Normal Absent Muscle Weakness (+) Hypaesthesia (+)
Clow Deformity (£)~(+)

Muscle Atrophy () : Hypaesthesia (+)
v Decreased Absent Muscle Weakness (++) <Some Cases >
Clow Deformity (+) Anelgesia

‘ Muscle Atrophy () | Hypaesthiesia (+)

\ Decreased Absent Muscle Weakness (++) (Aneloesia}
Clow Deformity () g
Table 2 Clinical data
; . = i :
| Age |
Male |Female| Right = Left ‘ T—— T | T 1 Total

<20 2130 31—40 | 41-50 |51—60 61-70 70<

Arthrosis
Deformans 20 6 19 7 1 2 5 10 6 2 26

Cubitus Varus | 5 2 2 5 2 T 1 7
Dislocation of
Ulnar Nerve : 2 I 2 l } 2 : 4 |
Others 1 1 2 1 1 2
Table 3 Clinical evaluation Table 4 Prognosis of epicondylectomy
. ' Py " Prognosis | 1 1
Excellent Normal_ ‘ Excellent | Good | Fair  Poor | Total
St |
No Finger Deformity F'ﬁge—i s T
Good :
Slight Sensory Disturbance | 1 5 1 6
Fair Slight Clow Deformity | 11 7 7
Moderate Sensory Disturbance T I | T
| il 3 12 15
Poor No Improvement e ! i e
_ = S v I 6 9 |
e —_— ~ 7= V 2 2
LAREELTOY, B, FHROEHREEZTHE 2. L = 1 |
= |
#i% 10~14 B TRk L, K, FROSEGIHE & Bit4 T daal ) 3 ol I
B, &5 2 ARERFEBELSNE, ¥R -2
[Nl : Fion, BECH LN, 4~8BETE ,
LAEMERD 5. Wik i PR

BOHEEFEIERT 5.
REREERE TR E L U THEOIREC & D Ty
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The Neurolysis for the Treatment of Entrapment Neuropathy

Ken-ichiro Uchinishi, et al.

Department of orthopaedic surgery, Keio Gijuku University School of Medicine

The Neurolysis has been a widely accepted treatment for the entrapment neuropathy and other
nerve injuries in continuity. This procedure is divided into two types, that is the external neurolysis
and the internal neurolysis. The external neurolysis is composed of removal of the scar tissue and
release of entrap point. The internal neurolysis consist of several methods. The epineurotomy is split
the epineurium and separate the epineural tissue. The epineurectomy is split the epineurium and
remove the cicatric epineural tissue partially or completely so that the funiculi are exposed separ-
ately. Last method is perineurotomy, which is split the perineurium for release of the endoneurium.

In the experimental study, neurolysis did not so improve the circulatory conditions. Especially
the blood flow after internal neurolysis was restored only 20 % of the preoperative value. But it was
restored to about 70 % of the preoperative level after one week, three weeks later remained the same
level.

The perineurium is diffusion barrier of ionic balance in nerve trunks. So that, if the perineurium
is damaged, it is necessary for recovery of function about eight weeks. The opening of the
perineurium occur the herniation of nerve fibers voluminously and the demyerination of nerve fibers.
This phenomenon is named the perineurial window by Spencer (1975) and accepted the new model in
experimental study of the peripheral nerve. For this reason, we believed it is necessary to avoid
always the perineurial damage and the perineurotomy should not use at the surgery.

The mechanism of recovery of the peripheral nerve palsy by the neurolysis is not so clarify in
detail. Clinically this procedure is effective treatment for nerve injuries in continuity.

At the treatment of entrapment neuropathy, we always used the neurolysis. The release of
entrap point and removal the scar tissue did at the same time.

Entrapment neuropathy OFRE W i, B2 ORTF BBOSEMETH S,
BHCES LW EBbNb, ZThoDEFERF bhbhi, 1 XLEHECAREROEEEE"
THE, ZO0HLQUHTAEIENTE S, ANEF AL, BLOEMT OEBEE %17\ entrap-
ELTH, B, ES|, BB COBEARE e, B ment neuropathy Bl L 7-REEE 7L % {ERL ¥ 3
i, FEx s OEEER T, IR, wbwsH BT,

Key words: entrapment neuropathy, neurolysis, perineurotomy, teasing, bulbous deformity
Address for reprints: Ken-ichiro Uchinishi, M. D,, Department of Orthopaedic Surgery, Faculty of Medicine Keio
Gijuku University, 35 Shinano-machi, Shinjuku-ku, Tokyo, Japan.
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Fig.1 Classification of the neurolysis.
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PERINEURIAL

WINDOW

Spencer F. (7973)

Fig. 2 (Left) Herniated bleb protruding through the perineurial window of an excised nerve.
(Right) Area of the bleb in an excised nerve. The widely spaced abnormally large myerinated fiber in

the bleb and the cut edges (Arrow) of the perineurium.
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Fig. 3 Bulbous myelin lesions with segmental
taperling of internodular segments in the
chronic nerve entrapment.
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Treatment of Fresh Open Fractures of the Hand

Isao Sugawa

Department of Orthopedic Surgery, Seirei Hamamatsu General Hospital

To gain the good functional results, hand surgeon must set up the final goal at a glance and must
use his multi-specialty approach. He also needs the co-operation of hand therapists and paramedical

staffs and the established medical equipments.

In order to prevent the infection of fresh open fracture, the wounds must be thoroughly cleansed

and debrided under air-tourniquet if necessary.

In Campbell’s type IIl fractures, especially with smashed bone or loss of bone, soft tissues are
widely destroyed ; the author is apt to use direct traction in order to initiate early mobilization.
Several difficult cases of bone defect are presented.

WEBMET L1, BICBIEESEEL-L0
7, BEn REAIL S EEEBORLIBS 2 -
EEREA WA ETERTH A, TOSER
Campbell DERED  DB—BIZ L BushLTY
29 Fabb, 18, BIEIAE» S EE e
Wi & 3 RERNT, KEBEHERIZEALRDI U,
AL, Bl AR E <2558, HEMEoMmTES)
<, H# o vitality IEN LT TH D, BYiE, HEs
Pl ThH s, MBI, BIETEORE %D, #KEE
BOBHHEEsh, EPLERED N5,
Patzakis” & Gustilo® b iF X A YRIUCSE X HEL
Tw5,

COBRBICBLTEERZ I G, TR THT
22ETHY, BERBEALEBILT, HFEDR
Bl BEs b o FHREBBTAILTHS,

Bk FRET B -0 DEIDME R B & UIEBMIEE
FOBESEE L B IMOMES L UBRIEL#
5 B BR DIEER I DL TR 2,

—DODER DY, Tk, TV 2y, EMO

E, BIONE, B, wE, IEONERY, 3
\ multi-specialty approach 28 BTH D, FO4HE
BEOL>EHUTLLWICHAMEL LTS, T#E
OEELEM LR, ZELRRLLEND, 35K
BT, WAL ¥ paramedical @ back-up, B
e CERRFEOTHS, EREBEERRED, BRER
DML R R TH 2, Mo AMEYEE
ik, EULIBEEERNLTA I LBERLZETH
D, EFCHDENTRDOEVIBE, BEOHSE
FDIGER BT 50, BEX L1 5 REMRICER
TRETHDH, —H, WERBER T a o, BE
WHE- THEET RET, FEFiRtABEEHKCDODL
RETH D, REY I, EREEE 4ERICDT T
%, Tiabb, AR, £, FL-EBEEOCEBREERE
DITHEEEE, BELEBE LR, B, P
EEOEHRTIEREDI L, BHELERSE, BELEBEr L
ZNLIKRTEI L ORRENI S, Cit, EEOD
BEEREDO L, HEARE, BELRELEEZELY
5. DI, FLLTOBBEREL LT,

Key words : brushing, cleansing, debridement, infection, early mobilization
Address for reprints: Isao Sugawa, M.D., Department of Orthopedic Surgery, Seirei Hamamatsu General
Hospital, 2-12-12 Sumiyoshi, Hamamatsu, Shizuoka 430, Japan.
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Fig. 1 Final goal A and B end up with higher
result through A. D. L., but final goal C and
D do not improve with time.
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WICHRET 2 LB TH L. ERIMEDOF 2 v 7,
£, I, KaEs, BEROIMEEMREL BEE, ¥
ODMBOHPBRAENEL, FOABR-ORZKZD
LTy, KE, tNsRE->BEOTFERIEIE 0 &
DRIFR 2 ENH L, FOYHIGER PRFIHICP -
THELE, BUCHRZ I LS HE, Fryr7HE%
Aza—ftL, Fxzv o e v—bER{EoTE< &, &
BOEFRAS v 7Tl ElH b LTEMNTHY, &
eTHH, I, FEREE-TBLL, BEAS v 7
OEOEEDBEICEN D, B2, HEFMORE
&, BAR WM RR - AuWa X" BSBETHY,
HBWBLT “TvaF—, FAFL, CAZLAT
OEHEERL L, BEOT VA —REOERIES
BRESsDL,

BFRFT R MR R 2

RIFTAT R MATc ERECHUE L, ARG & Fo/e
THI L, FHEEMAEMET S IR, REH
HTR, ECEAIb > TwaHE D H, BEIOM
THdHPe L uEEIcE, FREEFEOME, BESF7T+A
Mo YR EESELT, 8% 5 spasmus 2 D, ME
HESOOEEBRET 2, HEE» USRI FROME,
SOE % AT, RLEL disection & @ 3B NHL
BTH5.

FREE, BRI RBEERB TR THS
EHFL, 2~ 3EFEOFRIL, 1.5%B LR A A v 40
cc ZERL, 4~5BHOFEME, 1.5%BHLERSA
v20ce b 0.25%~%—A4 > 20cc #{ERT 5.

T BlfEL 7 7Y Re v EITH
ZBHEDOIT> T AHAE D THR~RS, Sl&DH
MAi % %351 air tourniquet 27272 H W »iT 5, &l
SEBBRENTWBEE I, EE%, ATADA
VP R ITTT T vy v I E{TSH, tourniquet
ETC LR SEEA Y Y UV BTME T 2%, 8l
W’a’: EEFr e FAa—NHEE, FRKTREICHER

BRI FES IO ERKTEIRENIC ORI T 23,

mmw L Tt Bims CREMCERE L o ®icu
BTHIENSLETHD, BENEOCIGEICE, #BIK
W o HEEE TORVICHERT 5. 2O, fff
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FRTREEMK LD, HELLKCESET 5, Jhid,
FMEIE# 1 TA 12T, BEERCELT, £/,
TR BEMEITI L ECLEER D,

B FHTL0E, DL REEL A5
BRLETH D, WA, R EOEREME
BN THAEDES D, BRI, FHEEERE»
5 73.1%h 5 78.5 %o HIE 24 L, staphylococ-
cus epidermis 4% 50 %#i1#%, staphylococcus aureus-
bacillus subtilis #3 10 %FE TH o7z LIBT3,
Patzakis” 2 BIHUBHT D 65 %=, Benson 132, 46 %
MELTHE D, HBREID 1/2~3/4 LESHEIC B s
NTHBEI WK 5,

Lo, oI LTRBEATFHTESTHS 0,
FED 3, BRI ORRE L AERREEFRAN & 2 3,
brushing & debridement % 1T 7: #, brushing ® &
TForHTREFEELTI%, 4.4%E1E <, de
bridement O & % 17> 1:8%, BIFEE*ERL o7
BT, &220.7%, 15.9% E» o bR TV 5,
% 7z, brushing g2 60~65 %GBT H -7 b D28,
brushing % & 2z T debridement % 17 3 & =
15~20 % L HFEMSMET L T 5, BAMEDO IR
4 brushing 254 - & 4 HXH T H 9 brushing - T
@ debridement TH 2 Z & #BHEAL T3,

UEDBE»S, HiEEIRSE, BCTFHIRST
i, BERORSTHL L OTRVLETH S,
Tt s £ £ 8 L COEX ORI, &5, S50
I H 553, OB T 5,

HNEE DREIE--

AFHIZBHT Y, TCLOSBRENTVIATH 2
2, WETE, MEMEORE, 2skHNEEECE
NEEHBORRC LD, BEOHFITHED, BELHN
FEZE 2T 5 @M H 5. Benson? i3, 1971 £ & TR
RENTBRBIT 27TFc>uTHEHNE S, &8
WKL H2ABEER T o8, Thabo>BE DMK
BREOEZERIRDON Lol EBRRT L 3,
Chapman® i3, 1973 £ ¥ TO#HETTld, NEEEW R
R sE L Er o fohs, 1980 EWDA T &, 70 Rig
RKIFETL, BHERICHAEE® L7 415610 1§D
ABHMELHREL I LBRTHLE, Zheld, TR
BRMEEIROHKET T H 555, Chapman Dk~ 2 2
EHRREITOREEE 2.1%~9.4%TH D,
[ &I, 0~1.9%, NBTE, 3.8%, BT,
I%THZ>0T, IBBLUCNBO—EHT LTI,
FEBMETEEL LS 2BE2HNEIE2T->T b &

— 33

NI EWR D,

#®5REIE, Ao TR h, BRIBEME
> EHERMEIFOERTH 2. Zhid, SREBHEMOR
BWOBE, ¥R - BRIEOEE, GHEl, ESkL
&Y, BRI EAMBEOTIENLETH LS, EE
DERICE R UICER R L TR L v,

R 18, B

BRE VNV CERIEEEE R % TR L /o, A
BEBERHC DL, L2 EESES 0 EIEL TH
BlicEVTw 3 (Fig 2), ERIOAIPICIE, WRAOME
BMERPBL L TN ERGHRRTLTES T,
WHOMITH BRIFCH ooz, FOE WL 7.

Fig. 2 Second metacarpal head was split and
neck was smashed.

Fig. 3 Pulp traction was applied.
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Fig. 4 Functional roentgenogram, six months post-injury.

Fig. 5 Longitudinal Kirschner wires were insert-
ed to keep alignment. Bone defect were
covered by periosteum and surrounding
soft tissue.

HEEHRE, ALy Tuiz- oL, BEEES
B3, ¥ Tu 2O TRAE L., B0
DBFENCEID, BEERRELL. EHOBBREING
BELLI D ZVOT, KRBT BFES L AR
BRSBTS T ki Lz, FODELT lateral band %
BT {hEsRE 2 R L 72 %%, pulp traction ¥ AW T
B L (Fig. 3). 2 HMoE:aas2kEL:
%, IBOBEMETOE . 5% 10 BFIZ &, HEil
WL TREESFRIC VW5 N TEEYT 5 D8

manten, ELKEARERZ RN, 4 AMT
—IGORERE SN, BEERE LB TCOHE
BIHE L MP BRI 2 D T, T A 2 BEEL
T, PREEBITE 5 3EMET, 4 7BMOE
5IEfTol, %3 » AR EME, PIP EEEE
0°, ffdh 25°, DIP B&i{dE —10°, /Beh 70" T, HE s
nrEREEEIE S TwS, Fig 413, 6 » AEO#
RERETH L, BEL L CHERTERIER 28 2 1T,
FHEDFT > THEESRESNLENTH 5,
FERF] 35 F, Bk
FERCBRREE 7V —FORCESENIZS Y, F
s & UBIEEM AT L7 SIEESE BB,
—EBRIEL T2z, BU-IPFEE, TETHRa
n, BV-VHEFEOBESVII L Tz (Fig. 5).
FRIORMIZENS, RIEEHRE, WiEnRoRok
%0 5~10 mm ORIEHR B 7z, EROBEHIZDH» -
font, FEEMCEEROETRMM >R -, B
13, FIEORERGRSEEL U, —I5FD
HEEER - Tl IFHE, BEAYSEDOHE
TUF s T, SEIMERIE, RIEB L CRED
BEODOLDOESTMTENT I, 22T, FLva
TR CEBITHEABE Lo 2 BEEL, BRIBSE
BlEs & CHBOERES T RNCE, Z0E L
TEEBOHHR > HLBZE L. 3AMOEEEE*

BEY 2L, HRBEICERE2HMITEREFTH-

jz. 2T, MPEAgi# {#BAM IR L DD, 1P &
OREMAEE L &> out-trigger FER LEZE L
To. Wtk 1 BBL TRASER T 5 L FERRHC, PIP B
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Hi oD B EnEBIFIE A L o, 2% 11T, w5,
Bige v Faee 2 bh,, BIES cm Ui En S
Lyt BRI L ATE, BELOEYFN
@b, PIPESHOEBEH bR T, BE
IR T LI EZ, BREETELL.

MPRR T, & FEOERIIBEEH 20, [
BCoOTEMRBETHo7. B /MERIDHLH D
resection arthroplasty DX 3 Wik > Twi, I T,
B SR T DAL D, WEELD

B UHEN 2 EMUWENEE = H5 L k. * 0%k, 815 MP
RRET D RAHBAI S EIT LIz 728, 1 E412 MP BEETE
EM#RET LU, Fig. 613, BHERTEI »ADLE
TH 5, REPFEEHIELCEES L T 5, F.
BT FEEMIBESHOZ R Ic k> TH Y, B
Wik & KB SR - NED MP BEESICIZ X £ AL TCTTH
HIRETLTWS, LaL, Fig. 7ok, J-&
BLOY Y FiTEET, PIP SO BB BRIFTH Y,
BRBOE L THES - HHRBEEVWTEY, BHR

Fig. 6 First metacarpal was filled with bone graft
and M. P. J. was fused. Second metacarpal
neck healed spontaneously.

Fig. 8 Distal 2/3 of scaphoid and a part of trap-
ezoid were missing. Trapezium was sma-
shed.

Fig. 7 Powerful pinch between second and third finger stumpf was possible. Note good active motion of P.

LP.J
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Fig.b 9 Carpal collapse and D. 1. S. I. were obser-
ved.

DOEREMELBEFESN TS,

fEG 27, B

NBCHEFE2D-> I AHZE. KEEIHESL, FIR
B, BEHR, EPHE, REHEEHR, REOH
B RIBL T (Fig 8).

proximal row carpectomy b E &L 7225, BREHS
BY, FAREOKRKB/B3HBREBLTHEDT,
Swanson DFHKE AL, BERAT, #HEL 2,
BEBICLTY ) 3 BE AN, TIRECREE S
Tol-. ZHEESETTREIENNELEET 2000,
BE - miB L b REFZBHEBES N, FRIEOT
Ehigiiz, R 257, Eal 10, RE 15, BES TH5.
FIRE X collapse ¥ 27 % H DD, Swanson B fH{R
B3 spacer DIRE[ R LT3 (Fig. 9).

k4 & o

BIBMEBIR DR, & WCEEHERS L VB OHE
DEVIE BV TR, REROATOEE L LT,
ZORBIE, HIBRERESATLE I, FOMAR
EiX, hand therapist 8 X UBH: —HBALT, &
AEDPBAEEBCALTHLERATEL2ETCEIES ¥
B EBEEEL L TEANTELEND S,

X (3

U #E HE f FAFSEERITRE ORI £
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qg M HERRPTHE $HK 4

hFEXBEHCHLUEREO £ & T Kwire 1 X0
METES L TBLNLM, EiE EEFHOLD
primany (B BE % TV, Kwire 2 K12 & 2 cross
fixation &L T3 &9 » ?

(13 BFEMER B E T

primary bone grafting 317hb R WAHHTH 3.

MP BAEi0 S X 23, BRIBEO R HEL T, HHREL 5
~10mm L EZ ORECKEBLTWSZOT, £ TS
DEIEEL, FHEREITORIBOBEENISE %
BHLLOL, LECICCTESELSITIER/:T
JA

HEOERERERE, & < i deep transverse metacar-
pal lig B ->THB Y, BREBRLLZHEEZ,
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Treatment of Carpal Injuries

Ryogo Nakamura
Department of Orthopaedic Surgery, Branch Hospital of Nagoya University School of Medicine

The concepts to understand the mechanisms, diagnostic procedures and the method of treatment
of carpal injuries were reviewed.

Of the unstable fracture of the scaphoid, volar-flexion of the distal fragment and dorsiflexion of
the proximal fragment is the primary deformity.

Volar-flexion of the distal fragment can be reduced by the wrist dorsiflexion and dorsiflexion of
the proximal fragment reduced by K-wire tempolarily inserted in the proximal fragments or the
lunate.

The corrective osteotomy is the treatment of choice for the carpal instabilities due to the
mal-united distal radius. The limited wrist arthrodesis for the relief of wrist pain of the carpal
instabilities due to the ligamentous damage, is more favorable method of treatment than the
ligamentous reconstruction.

The perilunate and lunate dislocations have the tendency to re-dislocate after manual or open
reduction. To prevent the re-dislocation and post-reductional carpal instabilities, open reduction, the
repair of the volar ligament and K-wire fixation between the radius, the lunate and the capitate are

the necessary procedure.

FIRFEBCRIEECEDS $ TOBELOMELS
<, TORBIEYILLBLITOAMREL S, 20%
<ig, 1) @ERZEHAIZHRERCTONER, 2)
FRAGHSE O EHME, WFERESEELE Y, I EHE
BOEI D 72 b AR D & T IR #HEE L #
v, 4) FEAMETH-Th, EREESHD, £,
FOERI L 2 AFOEETEERTH -2 0FE LWL
BEEAFELLDTEIERES, 22T, D2 D
R HEET 2MEEBNL DD, HEETOEZD
EE At RS,

FRMMBIME IR T 5 (S B R ERET

1) BEEUMEE, Ais & VEUFRED 3D

OBEWERFOFHAIAENCRB TR 2028
Fctl, HHH2  REMHOEREELCPT L.
1943 % Gilford" (3 F B % link joint 272 2 & 2 /%
REHGELL, AMOFARE £ < crank ORE %17
Vv, BRECEL TFREOEINEBATHwE I ExE
ML/, FAFCaERmC L TFIRBOES 282 Tw
HHEL L TREFIREOFERE L HHEErE T o N
5., WEBEIZEMOLDIERTHD, EFREM
B HICFREBOET 2R 2 T3, B2 8RT
LREELIEG A NS L FIRBFOWTIAFESELCFEDR
HEWLEENDREL 20, BETHEFIETLE
fEL 25,

2) Greater arc injury & lessor arc injury

Key words: carpal injury, fracture-dislocation, ligamentous injury, fracture of the scaphoid
Address for reprints: Ryogo Nakamura, Department of Orthopaedic Surgery, Branch Hospital of Nagoya
University School of Medicine, 1-1-20 Daiko Minami, Higashi-ku, Nagoya 461, Japan.
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Johnson?, Mayfield® & #3407 LI % B v THT%EEER
EIToTHRIEHATH S, BIKTHEaND gt
o % IS FRAETEE, RE, FREORND 3D
NNOERTHBES A, FRMBIEGIC 2 DOETER
ERULHLTL2 (EEID NN T
CED, HEBEBBHEE T "ffl’i‘x"i‘; TEELEHREE
e T 28RT, MREEN FRREH B E AR
(naviculo-capitate syndrome) I ORKICET
lessor arc & FRE AR O BIMTRB L BEfl» & B 5B
HEZEFTIATAERTDHY, stage [ »5IVET
a5 (Table 1), ZORBEAFIBEORKT
& D, progressive perilunate instability & ®ifh 2
THEEUET 5. stage | TRANKEBREROH
HOHEBIC & D EEROBMESRRIEIEAL, REROF
WRALEFXETH D, AREFAREREEE (sca-
pholunate dissociation) %49 %, stage 11Tz A4k
BREPMGET %, stage VT BRBIREA £ T 5, L1z
wo TINSHRENLFREBACEO TR TFRED
AT %4/ T 2WEPESECBEBEN TR I L2
T2l e EELLRYITH S,
3) FIRAFLELE
FIVE O HBEAGRETIRE I L D FIRFEEES
EURRE T NIEFRALERE £ 5. HIETOTREE
TEe B, WAL e IR E T2 DR ER
L T lax wrist # RA 2B & 21T, SMEIEDSHE
’*fqﬁbﬁ"i”ﬁﬂﬁﬁ%i?“é
GHEZFREDY - &L PRSI0 EEE
D fm:'l 2B T2 ARBEOMUFHORE L L THD
#5231, Linscheld” 3 X BEH EOMMA %2 @
dorsiflexed intercalated segment instability (DISI)

e

%, Greater arc {3 #H{R

@ volar flexed intercalated segment instability
(VISI) ®ulnar @ dorsal
translocation () palmar translocation & 5348 7z,

O3B RN T AR E AN~ 10 B LA

translocation

Table 1 progressive perilunate instability

stage I I

disrupted joint scapholunate | 1

radioscaphoid | 1
scapholunate
radiocapitate

ligaments torn or
disrupted

scapholunate
dissociation

radiographic
findings or clinical
diagnosis

S

1 capitolunate

~radial collateral

i

1 +capitate subluxation

EEMHLGIIEBLTOLRRETHD, Fhe2hT
IREBIZE AN B 2 DI EANERSEEL T 3,
DISI (2 /8B AR B R AR R = AR BB 3 0 R e s 7
YIRS NBHTRTH D VIS IZ = AE AR5 g
RETRE>NS, QRIETMKRCARESRENCBE L
7oARIET RA 12 %W'f': RTH5b. @@lifﬂﬂﬁ{ﬁﬂ THAk
FHHRDH % EATh T
?ﬁlzﬁsvfﬁbné z tm%w.

TEEEETLENORES G, oI -0
Taleisnik® THERERREIZE 612 AHEB % SMEI51,
=RET, ORAREEECFREEDRIEL, =
NICHEHTHTHEEL T3 (Table 2), FREEMET
BRD LD BBEFRALEEDFERFE > TREN
EThAHH, O, B, HAsiEHshzwo
o, gy, HEHEIR, HJMET, MR CORTRY
oD, ﬁ‘r’ﬁ T 541, @FRERIC S %R
Q@GR TR Z £ palmar til-
lmg angle @%%@Fﬁawfﬁﬂ BEMEEEs e Fho
H 5, QFHRBEITTIEIO 5 58, sz/mi”fﬁu,
e, ®AKERE, BRERERE TEEKD
oy At

_;:'."fJ_-_‘,_J'.

11O
B85,

4

B

FHESME ORI AR, EB8E, ERHIR, 8
THET i3 5505, BERRERESZ L. Ly
UIEM O RIEE RIS s OFIEIZERTS D,
A A TED B Z LB ERVITH 3.

XHEHRZZHOEART B 4 BHsR
BRLBETHD, EEG, AR b 2h 2 8ERE,
TR TH S Z e FE LY, &S RIEAKRT
(30T E AL R 90°, TBHET I 8 90° @ PA 73[’@@ 3%0)

S, I % T FTEESME 07 B 907 THRiE
/J>§£%t ENTwb, 29 L7z routine O XTI TT

IE{]

“H D,

BT, RMEOIHE s g WERT, ERORED
it | v
1 + Il +triquetrolunate | I -H1I+ Il +radiolunate

I + 11+ Il +dorsal
radiocalpal

1 + Il +radiotriquetral,
ulunotriquetral

perilunate dislocaton lunate dislocation



FAHEBDOBT - B, FWAHAGOR D H 925

Table 2 classification of carpal instability by Taleisnik 1985 modified by author

dynamic instability - lateral carpal instability

- scapho-trapezium-trapezoid dissocation

scapho-capitate diastasis
scapho-lunate dissociation
(DISI with scapho-lunate dissocation)

——— medial carpal instability — triquetro-hamate dissociation

L

static instability

O LD LUTORERT). AHREBIRORDLA
BB R BIRE 2BINT %, fatstripe” ODEFE D
BE LD, BBHATERNEF 7A v — A EBE &7
W2~ 3BRBEEIRE T 5. FRALEEORE LIS
B FHIETEREIRRE 21T . L BRWI DR ER
TTOFHEHESNDOEE %17 > . Triangular fibrocar-
tilage @ 18 5 % impingement, abutment syndrome
DELNARIIHEENEEDE Y v F 77 L0ERTH
5., HABEBIN TRFIRERYPLCT ERHE 23,
X fRZ LR iR 2k S FAREO IS AR E
RBR o greater arc, lessorarc (#2256 Z E43% <,
SoBSEARETEABICH S,

FHREBIFOE

FREOARMEO 82 EDBEELNE2IDE
Y OTELE I 1866 4E Callender ARSI THEREL - L O
DRYIOH|E TEWIER L billdn S, EE LM
BRE LT, 1) BHSEALETHS, 2) (BRI
DFEAEPMGHEEFEOFE NS\, 3) EE HEH I T
v, 4) ABRIERFICREN L L OH L, 5) 4
BEMERE 22 2 eng8iFons, LrLass
IS OB LIEEE O EEC L DS 2IEM
BAD2OH500BRTHA D, BIETII fat strip
ORENEWEZHMCERTH 25, Bk L b E
ENRRONDLONRETH S,

B HRE I FEG, B, BEERIEEL
T, REBEREERIIATTCEZALDON L, BE
EFIER), MAHIO TR TLELOED 50 LB
BTHhD, HUHATHNIRENCERELS 5L,
BRIBBITH - T b BAAEITL L To R T RIERENICE
REL 5 %, Weber® i3 thumb spica cast & & D $&¥

— 59

(DISI without scapho-lunate dissocation or VISI)
triquetro-lunate dissociation (static VISI)

proximal carpal instability — radiocarpal instability

ulnar translocation

dorsal carpal translocation

palmar carpal translocation

proximal carpal translocation
midcarpal instability

(secondary DISI without scapholunate

dissociation)

FIOEEC LD 100 XOBEEEEB TS, 20D
CEREENEBEL LD ~EOREEND B
SHEZEHEZ thumb spica cast T+ TH B I L %
FLTWwS, TEEMZOFNLOBEHF AT 1mm
PLEOEMMERD 5N 555 £ XS0 H) Tld DISI
ERE#RTFRTELEEURORD o N 2HE1SH L. &
OB TR BMERIOEZ TR0 A LD,
RIETHIEDBRTYH, ELSBEININETH
METREOHITHIES & 7 2. WEEM BN FERL
R =12 55, Herbert® screw #3% 0B E 71248
N, Lo CACHBEE TFOREFERLIUREL 1
5, FRREVEHGSAEES 3 »AULET 20T
ZEBMOFLY L AT SEROBGH, S X BRMEVE
BOMMHEIG E T 5 EPPABREME L E X 5.

BEEF O Bl A%k Russe'® 05 BHESE SR
<, BB LEENAETH 2. L L BEEF
KELWAEEWEH ) MREFITCAMEEOE
B, BEUFRO%HE, RE*ARLT2EUA1H D,
Russe Z TR ZOBEBREL ST <, BREVESH
THRLERENT 2EFH 5, BEHHHED, T
FEHMBELRETILEDODH S Z L xHEHALL
Ly,

BMAIEF L Herbert® OEERAK A 05, 4
PR ERRABIOITEOTRN L SEZ3FI LTS, &
WICER L B R B RIS ¥, RREE
FOERBENTLEAFL LCERLBEEHERRD
HMEMEBERISRELYT ., 2EfroBRES
THLENSLELS LEARANEID NS,

BANBROERER AL CRFEE > BB T
BILLDBBTES, ANBRFOBEEICHLTE
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Fa3le, ARBCEM» SEBEEIL 52 L0k DH
R TIBENEON DL, BIBFITIE Z 4 ORE
TRIEMO 1 HUrEES LAY, £ TKwire #
BikED 2 VWA EERCER L DRIAL, &
WFCARE D2 L EMAREENE A % Kowire 12 &
DL S 5 HEEITS (Fig. 1), THATLEE
REULSHTH 55, DISIERIFIZHEETE S, 5
PHEIFITIZIEE & D BB 2 AL, AL EESEF
DRRBE 2 BET 5. BEUBREORBOH 28T
EHOEE RANE K& < T 5%, WEIEE Herbert
screw # V%, Herbert screw OEffi A St K%
EESLIELIEEEE 2D, jig ¥ EELICC WL, 20
LI E, Hoh LoBU L EEEHTRE
HiFrhsojg »BHBTL2AENSERTHS. FH
HOADOEE ZHiBD > DOF 7 AT 48T, BEE
EIMEE RIS 5. BEEBITL 3~4 » RUNIZE
mEstoh, FOAFMO»MLERLFTTE 5,

FIRTLEEDAE

FIRALELEDRBRIETEENE 2 £ U B0
KEDEZ, REBINERERIZL 2D, BEE
NERBEC L2 VO TIIBEFYD 217 EBiE%
DB UTITY 2L THRETE 5,

B & 5 b O THER TIRRFEINER LB

a) normal carpal bone alignment

b) pre-reductional pattern: note volarly
flexed distal fragment and dorsiflexed
proximal fragment of the scaphoid.

¢) proximal fragment could be dorsiflex
through K-wire inserted in the lunate

Fig. 1 method of reduction for unstable fracture

or non-union carpal scaphoid

W

BEHE»SRIRT & 5, RENEBEIEETCFRED
BEETIRE,N L K2R 2R, BEHHA % K-wire
TEET 5. mkEAREMEETRARE »EAIL
DEBT 5 I EILDBENES RS, 8Bk
SOFXF 7ATFHE#EEL, BEECH 5. JFFBMm
B EBENTE RV TE T+ 26, o BT
5., B EHERL, BETRELEHENERET
BRI OREITFRTHE, 7 I TERTI
K-wire T pinning 1RO FREMCITS.
BRIEH Tl FRIESAEEM 2E 2 X2 2850,
FHAE BB T APIRE, RERBREERO
HEHEZL, TNEBECEIVELERAREORE
FRERT 5 HETHUEROERTHLVF S5 5.
&% ERL D ER I R RIE R IBBERU TH A B I D &
IRBFINNTELH L. BEAREEEER, BEA
REHEEZER, BEE, AREMEEMNEELIEL
TITH 53, AEEE BANCE RIS SICETT 5,
FRAMEEM L —RCBRAS AR THREYIRAC
WIGT A EREL L LS RABRELSLELT 3,
HEOBEMOBRS LH L BEEEICZ LV EE 2
TL TR,

FIREDIEADERE

FIREOREIE Malgaine A% 1855 4B B k&
eI % #RE L OB EORFOKIW TH 5. AR
BREBERE, BRERAERCR<: T FIREE
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Bone and Joint Injuries of the Hand
—— Initial Treatments —

Katsumi Suzuki, et al.

Department of Orthopaedic Surgery, School of Medicine,
University of Occupational and Environmental Health

Initial treatments of bone and joint injuries distal to the carpo-metacarpal joint were reported

in this paper.
At first, functional anatomy, incidence, diagnosis and principle of initial treatment were summar-

ized. Then according to the following items, initial treatment and practical cases were presented ;

1. Carpo-metacarpal joint ;

A. Thumb ; 1) Bennett fracture, 2) Dorsal dislocation,
3) Ligament injury

B. Finger ; 1) Dorsal dislocation, 2) Volar dislocation,
3) Reversed Bennett fracture

2. Metacarpal bone ;
A. Physeal fracture, B. Diaphyseal fracture,
C. Neck fracture (Boxer’s fracture),
E. Intra-articular fracture
3. Metacarpo-phalangeal joint ;
A. Thumb ; 1) Locking, 2) Dorsal dislocation,
3) Radial ligament injury
4) Ulnar ligament injury (Stener lesion, Game-keeper’s thumb),
B. Finger ; 1) Dorsal dislocation (Button hole dislocation),
2) Radial ligament injury,
3) Ulnar ligament injury.
4. Proximal phalanx ;
A. Physeal fracture, B. Diaphyseal fracture,
C. Neck fracture, D. Intra-articular fracture.
5. Proximal interphalangeal joint ;
A. Dorsal dislocation, B. Volar dislocation,
C. Radial ligament injury, D. Ulnar ligament injury.
6. Middle phalanx ;
A. Physeal fracture, B. Diaphyseal fracture,

Key words: joint, bone, injury, hand, initial treatment
Address for reprints: Katsumi Suzuki, M. D., Department of Orthopaedic Surgery, School of Medicine, Univer-

sity of Occupational and Environmental Health, 1-1 Iseigaoka. Yahatanishi-ku, Kitakyusyu 807,
Japan.
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C. Neck fracture,
7. Distal interphalangeal joint ;
A. Dorsal dislocation,

C. Ligament injury.
8. Distal phalanx ;
A. Physeal fracture,
C. Apophyseal fracture.

D. Intra-articular fracture.

B. Volar dislocation,

B. Diaphyseal fracture,
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As already P. R. Lipscomb wrote “too often these fractures are treated as minor injuries, and
major disability results”, Strict diagnosis, anatomical reduction and active exercise from the first day

of the injury should be practiced.
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Fig. 1 Good reposition (fracture of
phalangeal head in the proximal inter-
phalangeal joint of the right little finger).
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Fig. 2 Bad surgical reposition (compound
fracture of the middle phalanx in the prox-
imal interphalangeal joint of the right
little finger).
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Rehabilitation of the Fractures and Dislocations in the Hand

Takeshi Matsui
Department of Orthopaedic Surgery, Saku Central Hospital
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Brand® {4 Rehabilitation of the Hand iz 52 ¢ F
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Hand Therapist-Patient & 29 > 25 A %5,
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ELTELOCIBEFRE T2 LHEL T3,

NAR—AHBRYIZBERTHY, BEND-< D@
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TEANSYFETHARITIEDTELRBOH 2EY
BN TH S EEWAL T3,

FOEH - BAD/NE) F—2 3 o OREY

A, FOUNEYT—v a3 ik
UNEY T —v 3 Y BFROH L {Thh 28

FEEVWIERTHLONIBEE LTINS & 5 T
PERY % b DTk <, WEREFEBT2BICECo»S
BEGTBICRVAZNTHERELOTHS, BHIEH
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HEAT A LD L EMMHPE R O.T.BETFEH TR
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FLUESESOEEEAEELTLS I,
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R LB AR DR LIThbE 5.

M 21T 5 ISR 2 T A MIE/NR, 18
i 5 43RTS XD RT3,
C. FERMEOER % 2RI T 572 O PR EEO
Tay 7

B OEENRE O FAO B TRE ORI D B BhiE
fha{ToE, RO/MRZEEAOTHE T 288
O—2HBOMHOEMIY CHEE 7oy 7§23 &
SIBREITH B, 1 & 243 DIP BHE o 8 Bl o358
12 PIP Bl & B AIC 7oy 2 LT, £/ PIP B&NC
LTI MPREi* 7oy s 32 L EMETZ2ER
BET I R AN SIS A D SR EBE T N T & 3
(Fig. 1).

BHEAA LoD LTwind 5 2B RE L
TBET ARV EBLZHHP T 28T AOTD
FROMBNEZ D LA BT ALy, BAF =2 K-
R TLEEREL I EMARI T AHIRRDH
L OERDO R T — VT H 2150 BRI #
s WlBIAETH D, FRETIEWT S EE TR
BINOBEMEECLD, FENEB I TRIATSH 5,
HHHBOYBROBRS THBRH o2 T « FRAE
ZOMPEETHY, BACEELLIENTLF %
FoTWEIBREARIEI>TL5bDTH2.
D. ftHR#lFE L FOIEDO» b\

BINOWEENELBEPERE LHZOF DL
BENHTL 2 LEE» o QEHLPHANTILT,
2 AR D R TE W EFEED» S U E
VT =y a3 HARBREEZ TWIBETHBEEG
PANERT L2802 H B, 2D LD RIFE,
BB TFEFBEREI 2L (e AFrFREIMR

BTHABILH) UnEYFT—var e EWITEH
DTREL, DLAERTL20D0THL I L BHEC
SHUIL, $Es el ey, 2 BIETREE T 5
TH 0, GEMFSMENER, = & dynamic
splint DEEDLENSH 2IFMAICHI IOV TL 5
EINSORYILINEY F—v 3 v 2T 0EME %
STy, HEOmEsSEE/L TL S Bk
FESATHEDLSTH S,

E. Hand Therapist o 58

FF Y 1976~1977 & 1= F A 7 Philadelphia @
Hand Rehabilitation Center (Director: James M.
Hunter M. D.) 2%} % hand therapist (P. T. &
UOT.) OHEBREDLDIXLDTH o7,
FEROACE FOLL PEERE R EARD Y B
VT —va>OBRIURDILTHIH, EHOIE
RTHIRBE DM, MEAZEORE, ADL
DF v 2% EBRTREMOBYNARRETH S & #
ZOENTLATERNE TH—F 4 YRIT>Tnt:, —
ADBH IR B Z WL > T, BIFEELAEE
ZETLCHEEN#MBET 2By -
SIS ST, BEEBOLES R HERL,
FLFEBSNEIAF Yy 7D b L TBEIBRE
BUSTIREL BT AL D R CES Bt
LTz,
FREITREC DO TLHBOBFIEDH 5 W 55
BREINTB, vy 3V F, 86, S0y
EQFEMBEENERAVREH, <vF, 1vviEs
HERCETI 2N TBY, EHFOEV77BIEIE
TE&LZ KD (Fig. 2).

EBEEMH ORIE S 12 EA & hand therapist ¥ O T

Fig. 1 Bunnell’'s wood block.
a) Active fiexion of DIPJ. with PIP]. block.
b) Active flexion of PIP]. with MP]. block.
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Fig. 2

a) Many kinds of splints and magic tapes, loops and others.
b) Making suitable splints with a sewing machine.

R EN B, B—FOI—F 1 v CRFMEEL
EEROBEOEMRFMSITON, % 2EEDO FHRA
Bh AT 4 FTHELSHROEREIZ DWW TOHR
HIToND LD, THRAN—AER > i
< hand therapist A& #H 2R TL > TEE L #
TAIER, BELEM:OMIBEL L LTO®KRE
RV ANE D F— v g vic B TRBEOREE %
Blad o Ebd TERTH L L HOWEE SN,

H#E Tt hand surgeon & hand therapist 73 % — A
447 E A%t Hand Center &4 T13 4 5D %
Hand Rehabilitation Center & f5i9 % & & 3%
£ TH5.

*E ® Hand Therapist D& DFEESR

A. 1976 #£ 4 A 11 B~14 H, Philadelphia & Hand
Rehabilitation Center £, 3 U T hand sur-
geon & hand therapist #34 % - T “Rehabilitation
of the Hand-‘76" D& »tThiiz,
B. American Society of Hand Theripists 23 1977 &
WERILEa Nz,
1) *Ew 133 Hand Center & Hand Therapist
DEE,
No. of Center No. of Therapist
1978 75 58
1983 145 232
2) —HEE%w 817 %5 Hand Surgeon & Hand Ther-
apist ®Z & (Hand Rehabilitation Center Ltd.,
Philadelphia)

No. of Surgeon No. of Therapist
1976 2 3
1986 5 16
FOFRHPHAD) NE)FT—2 3 5iT7512dH
tof%%Lfﬁ(Ng;g
A, FOERTHEBIRN L CHEL TV 37005
BOBREREILLFRFCHSLNL, FHEIE TER
DBRDONTHERBEOEENEL TS Z K
%5,
B. BEIBERLBRCEL TR Ha0E L, B
PR & > TROBHEHNEEENAL T O TEEY
BiE - FHEBMEREN B,
C. EERN  BEfMOMEE & 7: LEVRAIEWHY
% BB TR % <, intrinsic plus B {7 (MP BE&5/E e,
IP BafifefE) <H 5 (Fig. 3)%.
D. PIP B8 | 8o sfEi»BE s nizig&, PIPEA

Fig. 3 Intrinsic plus position casting.
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HivBa b > b EETH 2O CPIPEEHOTH
BOBRELEIE D,
E. X#RFTR & BRRATIEHE clinical union @ /NE %8R
WTIREBR XELERBEE S, XRET2RE
BELEDONZHBAIREET S, LT,
BIEEOHEREXBOAES TEFEWAR 2 HIR
U T clinical union 2318 & 17 & RSN ESE % 187
5, BEREINOEHSE, HNEEIBLZ 3BETH 3.
Moberg'? 2 IEEI B L FF B OB OB EERETL
BEREHEERERL TS (Fig. 4).
F. BREIEOBEERBEVCET TSI it > TEl
FELTROVRIENTES,
G. FHoMEmESNIR E BIfd e OmE %2 FEHL,
% o RESRREE R T
H. BIMWBEMNOBLLEELONLDRRDOL > %
BETHE.

1, TEELZEH
Tt BIE»ITHO NI FER
a)sded=gi
HERBIBESE > T 25S
BREW
HEPET
. BXH#E
1. NEIENLERSES, EBXHRTLHEE TR
DBEDTHS,

1, EFEIE &R Kwire BEY
Intraosseous wiring®
Pull-out wire (BASIAET)
K-wire (2 & 2 X XEE
5. ASIF % % \» i3 4 H X miniplate ®

miniscrew®

NS o e e

R

Fracture consolidation time

£ 3-5 weeks
‘3 5-7 weeks
Bl 10-14 weeks

/Cortex thick 2
@& @  almost no

l cancellous bone

Fig. 4 Fracture consolidation time after Moberg.

b

Fig. 5 Use of a sling.

a) Correct
b) Incorrect

Ty
-

-

_ -

-

b £

Fig. 6 Retrograde massage.

FIROEBIN - BEADEHHEL £t D3tk

A, ZfE
FEHIEETH L8, —BFESEERT S LR
BEBHORIEHFTHD, WEE BB LTEREG
HRMIZENS,
IOBEEFETA2DOR=ZAMDOERETH S, &
SRV TLIEE D b BFST ThidZE R LET
b, ELLSFRLEID LS LT T8>, 3
WEHEAFERAOCELWTFEF B TWE L) tE
RLEBENIwIEbH B (Fig 5),
EMCLTEZ 7Y v A2 BRLTRLE Y
Y—vkITH & (Fig. 6), BEOKREIEILD & EK
WEBEEAF vy 7TRBUTREOERA S %5
THED L LW, BEEFOFEINL L ELAKITH
h, RERFBEEOD LHOFELERT S L E6R
Ths (Fig. 7). BEOROFEFNIN L TRROED
LEAWTREHR»SHEIMT 2 Z & < WhKiZ@m-> T
BATHWABLHD, 1ES5 2, 1R 3IETS
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Y e AN

il

Fig. 8 Stringing method to diminish edema.

Bk rREATHS (Fig 8).
B. BAf¥TLE

AAE D F B« i3 BRI % intrinsic plus B 2 {&
DI ERHEEOFIEESAYITH D, HEEBIL

a b

Fig. 9 Active flexion of the involved joint.
a) DIP]J. flexion holding middle phalanx
with the opposite hand.
b) PIP]. flexion holding proximal phalanx
with the opposite hand.

T3 BHECHESHFECEFERH T LTS
23, BIROD T & B AEIE AR & ol BT
T2, 2TEMHL2VIZO0.T. AL T 288 %5
SEFEVAR V=Y aryEToT, DLTEHFERE
OEBEERT S, 72k 2P EQ DIP & = PIP
BAET B 03 b 5 BB I BB IR RD & 2 W EH &
EHAAL, IBRLANBESETRZICET LYl
TWwb,

1, —HRIBOEE 2 dhiF 58, 7 OFATOE = fEHE
ZHIDIETEB S ZAATEVE DS 2 (10 BREE D
%), 2, R (108). 3, BHONLITENWE D
3 (108). 4, K 108). 5, ROAEGTOHEE %
BiF2iE, ZOFAOH *BEZAOIETE S 44
ATEGEDEITS (10%), 6, Rte (10#8), 7, B
SFOATREOMIET (108). 8, ki (10#).
1~8FTH1IEN204HMF5 JLicd 5. 2 LTHAT
iz 308, k4 EHTS (Fig. 9).

BITER DR D LomD LT 2 L thEnEs b iz
% & 29 %, PIP BE&io JH B 945 12 13 Capener glF
WNEbD THERTH O (Fig. 10), reversed finger
knuckle bender  Z1REITH % (Fig. 11), L h Ew
452 Joint Jack #HEAE T 5 (Fig. 12),
BRI IIBEEIE 2 5 T o finger  trap-
ping & < fFbh# (Fig. 13), Velcro trapper (Fig.
14) 2RI TH S, BB T ERITESTEOERD
15 (e FEMESCKH Tom ML) KREFROE
WR Yy 7Ny FEDITHBERSEL L (BEC
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Fig. 11 Reversed finger knuckle bender.

Fig. 13 Finger trapping.

Fig. 12 Joint Jack.

Lo TRBFRTHRNCHEIERI A2 05D,
E» OERLER L L THE L 2\ (Fig. 15), 14
805 1 KDBE i3 complex web strapper % v 2

(Fig. 16), 5010 » Nz U igst- FHIEEERE
4~5cmiZ7 5T <L B &, webstrapper %R % HiE
THEOn), BEOEMIC L v (Fig. 17), &5y

5BENMNDHLRIIBHITFE TR -3 &
Uy,

BEIOVEIEET BT 0 4 & CROMF CHMEE OBy
PN I RENRES T TIRBRCBAS S D, B
BB & UM AR O BT <o BEENZ BhfT 7c & D BRI AU
FEOEITW R BBELH B,
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C. B

BERYE IR T b AR oS BB 2 7o oS % 4 Ui
<, BIEOE L WERITE R FET CHSL 2
B OBEISESE C R EOBENSB I 5 b5
WS, DL RBECIRENIG LARBICL TBW»
VAV P AN

D. ZWiaHE

RISE & 7% 2 O IR B I X NHRHB T 3 {5
Ve BEER Th b, BIF0EER S EREERICIE

ZEMSE THRRELTBLTLTHS,

Fig. 15 Finger flexion apparatus with leather

glove.
Fig. 14 Velcro trapper

Fig. 16 Complex web strapper.
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Fig. 17 Web strapper.

Fig. 18 Cross-finger phenomen in flexion,

HFER R IEHBA THSWHRIT & 295, BIEE
FafotvcEdasd, MoBE:2F-v 775
EfEDFEH S5 (Fig. 18).

E. #HEE

FHHBITCB L TRS  OBEHENEHCERS
(B KRB ERRS clinical union) 23§ 5 4, (BEEI X
BIrRELHTENTHS,. LELEMBSEIRO T
EXXBERERBREFPEAICEBIARET L Z
EH TR, EREEHNEXERERTI N
Z0BE, BOHGRHFT 2O TRESBROTH
DEBELFERA LB SESE Y F 2 v 7 T5I LR

Fig. 19 Volar convex displacement of proximal
phalangeal fracture.

%. Moberg iz 7 EI B OBERIMTHERAE S
10~14 BB $ 2 r ®k~THY (Fig. 4), ZOHD
BRCTREEX*REDITILEND S, EHOBEEK
& o T DIP FABIDIFEDE U 5 Z L 93dh 543, PIP B
i %> MP BE#fT -8~ 411 DIP SO A EE &
BP,

BI_EHE, FFBROFIF L AETEY

A, REBBIT

REBBITHEEN I THERC L > TELDT
CERMRIER TIRS A S 2 L pi% s, & I2fgkiE
BB TEREBEETOBEIZE LD L BEESD
BECEAREDIPNENETHZ, HOBE, HE
FRESLZOSEOT NI 2y AMREESET 2 L BEE
DIMERPARRBREREC CEMTES, Lo Lz
Be Kwire[HlE% 3, 4 BTVEHESER<BLA
BEHIrLho,

B # o BB TIREHER SESED 1/3 28
Z, BREAEZE L T 3 BEICEBE % pull-out wire ¢
BEET 5.

TR E

REIDSNEES E N 5E 5w DIP SO BED
BREELD, BESML 2> BRI 2 58
79, HEEEFBEMO LD UTHTE MR L 72 BRI
FlEs < bz TRELRESH 2,

B. EEEB L UTEHBORIR
HETE PEIC B TEKRAPTFEH L BA - TH
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cenlral slip
?) o>

a b

Interosseous
muscle-tendon unit

Fig. 20 Displacement of middle phalangeal
fracture.
a) Dorsal convex deformity when the
fracture site is proximal to superficialis Fig. 23 Dorsal convex displacement of metacar-
insertion. pal fracture.
b) Volar convex deformity when the
fracture site is distal to superficialis in-

sertion. R LS CERCHEAT 200, BOIEG%
LT BRI 25,
BHBOBIETA OIS % 4£ C no man’s land
NOHBR*EENCEET 520 TTE 32T EfL
1% B3 2 (Fig. 19), REig i 8L CRRIEEHR
OAfFTE £ D PR TIRFADY, RETRETH OO %
Lo ¢ (Fig. 20), ZORTEBEREDL O 5EEHE
BELDHELOTREVDTERENBET L2
H5.
RERBOEF TIRBER &£ OB taping 217w
BEALSERELEHEIICHE 285 TE S (Fig
21), TRELRBOERTCIIEER, BEE Kwire

Fig. 21 Carefull exercise with taping adjacent EE#1T-> CRICEEES 2 1T2 2 LT 5,
finger. (Agé.l_ﬁ
+anEENEET 2ARESTONIIBE I,

f&%.;skzn Lhi o ELIEB BT S (5~15 BR).
HEMOEBHR THEE 2T - BE W 3B TEHN %
BT 3.

HEBBITOEEOBRKRHM I BHIFELES I
PIP BAffiOo|AOE @I 222 Z L Th b, BEHREY
GINMEBELEC S & PIPHERBEO L - K
EEHE 20,

Intrinsic plus XU TEBEKE 2182 2 TIEFBEIEL
7238452 14 intrinsic muscle D X » vy F > FEEH
TAXRTH S (Fig 22). RO & 5w EEHEFHO
bort bEELEGEG PIPHESOREMBWETH S
o RS 5, TR PIP ST 8
wEBHTEROBEELL CHEErBI T I Eln
B, Lizts-> T 5:8% ik PIP MET% T & 5750 PR
FIZED L 2BIF%2H T, BEEM LD LIS
Capener Bl (Fig. 10) % reversed finger knuckle
bender (Fig. 11) #&EEF X3,

Fig. 22 Stretching exercise to intrinsic plus TETBEEYOELEEEE PR O D0 HE,
contracture. PIP BA%1 ¢ MP BAEiDO T 2 A BMBOERIC D & 3,
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T b B I — i superficialis hand #1823 = & &
5, PEHIEENEERVRE 2B 2D HOERI LD
LELS »AEDT, Kwire EE*2T-> TEBESC
o Twu < AEsRans, DIP BEN TR ER
BHWOT, EBFEBIEREN LoD L THeT
Lo,

C. P FEEH

FEGENERFCRENTE Y, $LBETH
FROSEITORE SRR T O TREROBT I
B BN TEET, AR msmiEe b LEN T
VADTREDES b, L Lo BRSAE
BADEES 11T & - T intrinsic plus ##EXAE S 112
BIODRTUL, 85 CTERLERICL > T MP HE
DEEHEE B I T LR oD WLREE & & 0 BRERI
HgTHrLDTH S,

Lo b BOEIRREMER TRy 7HRED
whhas@EERTH L. MPEEE 90°, PIP B5&T 90°
DI TEREZ B LAL BB ah 208, BEERA
13 PIP (4 % 90° Bl & ¥ 3712, intrinsic plus B{i7
ET B, GEIE LW e MP BT L 2 - TR
MFELEL 505, FHED S /EE CM BT A g
AR & LD THEEERICIR 70" 2 TOHEBAEEZRFs
LEVIMELDH BT,

BHBOBEITEHRO T > Ao FRNOER
% &7 ¢ (Fig. 23). #F89C K-wire [BEE % fIA LB
HECBEET 20MABEE 2T ONELTH L, #
BIPo S AR CREEERE ¥ BI LT LOTHE
Fehgn sk,

BHT &

FEEBIROERENIZEORR, FO7-F0
REFLETETH S,

FEOELVWEBEFFEERCRELERTDH
D, VN BRE EBEYTH LS. MP BEi 27k D
D RAL Y 60° ) 1R > Ty id i MP BT
BIfs &4 20k b0T, FEIHET 3108
NT, FNic& b+ T intrinsic plus B OBI|F #HEE
FCERLTOLLERD B,
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BERMCEAL ELT, IPMEEHERBUCEET 2
&, RS 2 LRIBISE O o BEEIR 74 U
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| % EARERHE S &
IP RAEAD RIS 1L R TBET 5 D T, (B
BEx2T->TH, BEFIRIZELCIK L WEEZ TWE,

® = HHERES KF #R
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Carpal Tunnel Syndromes

Gelberman, R. H. (U.S. A)

I come from San Diego, California, which is located in the southwest corner of the United States,
adjacent to the Mexican border. San Diego has a natural deep water harbor and is well-known for
its fine beaches and its consistent good climate such that it has become one of the most rapidly
growing cities in the United States with a population approaching 1 million people. This area was
originally inhabited by the Digaiana Indians which were displaced in the mid-1500s by Cabrio and the
Spaniards. The first mission was built in 1750 and since that time many missions dot the coastline
of California. San Diego has many fine examples of Spanish Renaissance architecture which can be
seen particularly in a large central park known as Balboa Park.

The University of California is a new university. It was founded in 1950. The Medical School
was founded in 1969. It is an extension of a small marine research laboratory which later became
known as the Scripps Institute of Oceanography, which may be familiar to some of you. It also
contains the Jonas Salk Institute for Research, and has a particular emphasis on scientific research
throughout its departments both in the Medical School and the University as a whole. This is the
University which is located in La Jolla, just north of San Diego.

It is at the University of California over the last 10 years that I have developed an interest in
carpal tunnel syndrome, and have conducted some clinical and basic research studies on this subject.
But first I'd like to go back a second and discuss the particularly fascinating history of meeting nerve
compression within the carpal canal.

Although Paget is credited with first describing carpal tunnel syndrome, it was the French
neurologist Marie that accurately described the numbness and tingling that we associate with carpal
tunnel syndrome. That subsequently became known as acroparesthesia. Together with another
French neurologist by the name of Foix, in 1913, they had the opportunity to disect the wrist of a
patient who died who had had significant thenar atrophy. It seemed that the connection would be
made, that is between the sensory findings of carpal tunnel syndrome and severe thenar atrophy. And
indeed, in 1913, Marie and Foix stated that perhaps in a case in which the diagnosis is made early,
transection of the transverse carpal ligament could stop the development of these phenomenon.

We are told in history that research is good and when done honestly brings advancement. There
are some significant exceptions to that rule, however, and one particularly significant one was in the
understanding of the pathogenesis of carpal tunnel syndrome, brought about singularly by this man,
Sir Ramsay Hunt. Just at the point at which the diagnosis of carpal tunnel syndrome seemed possible
in the early 1900s, Ramsay Hunt insisted that there were two syndromes, and that the condition of
isolated thenar atrophy was separate from the syndrome of sensory abnormalities in the median nerve
distribution. And he stated that isolated thenar atrophy was due to specific compression of the motor
branch of the median nerve. And he wrote 4 influential articles over a 20 year period in the early
1900s.

During this time, carpal tunnel syndrome as we know it today was most commonly treated by
resection of the first rib. And there are many examples of how this was done. In fact, Wilson stated
that although many of these patients did not improve, when the operation was done correctly, there
was very low morbidity associated with it.
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It was not until 1939 that Wartenberg reversed some of the original statements by Ramsay Hunt
when he stated that one point completely ignored by Hunt and others complicates the subject of
thenar atrophy considerably, and that is the paresthesia of which most people complain. He
suggested at that time that a syndrome existed which included thenar atrophy and subjective sensory
changes in the median nerve distribution.

2 years after the description by Wartenbérg, Lenernak would perform the first carpal tunnel
release in the year 1941. In 1945, Zachery stated that there are good grounds for suspecting a lesion
of the main trunk of the median nerve and the possibility of compression of the nerve within the
carpal tunnel must be borne in mind. For the first time, an idiopathic carpal tunnel syndrome was
isolated to a specific anatomic location to account for both findings, atrophy and loss of sensibility.

In 1947, Brain very articulately presented the diagnosis and treatment of carpal tunnel syndrome
much as we understand it today. The patients present with burning and tingling in the median nerve
distribution. They awaken at night with pain and numbness and tingling. There is weakness of the
thenar muscles. Spontaneous recovery does not occur. And he recommended early operative release
(1947). We are all familiar with the work of Fallen in the 1950s such that by the late 1950s, a diagnosis
of carpal tunnel syndrome would become very commonplace. I will concentrate today on three areas
of recent developments over the last 20 years for median nerve compression at the wrist. The first
is the pathophysiology of nerve compression ; the second, clinical assessment of the patient presenting
with carpal tunnel syndrome ; and third, treatment.

There are two significant schools of thought regarding the pathophysiology of carpal tunnel
syndrome and nerve compression in general. One school, represented by Raevick and Lundborg from
Sweden, suggest that nerve conduction block is due to ischemia to the nerve brought about by
external compression. Whereas the other school represented by Jilliot and Ashowa state that it is
mechanical deformation that brings about the loss of nerve conduction. Ashowa stated in 1972 that
compression of nerve causes invagination of the nodes of Ranvier, local demyelination and me-
chanical deformation. This is an example of the invagination of the nodes of Ranvier as stated by
Ashowa. Raevick and Lundborg, stating that ischemia is the prime element causing nerve conduction
failure, studied rat tibial nerve compressed by transluscent templets with a gas-filled chamber and a
stereo-disection microscope. They studied the internal microsirculation of peripheral nerve, and
noted that at 20~30 mm of mercury, venular flow is reduced. At 30 mm of mercury, axonal transport
was impaired, and at 60~70 mm of mercury, there was total nerve ischemia.

Well, if there is controversy regarding the mechanism of nerve conduction failure in carpal tunnel
syndrome, there is also controversy regarding the critical pressure threshold causing nerve conduc-
tion failure. Hargins in 1978 stated that a critical pressure threshold for muscle and for nerve was
30 mm of mercury. Madison from Seattle, Washington, stated in 1976, that critical pressure threshold
was 50 mm of mercury. And Whitesides, in 1975, was the first to state that there is a variable pressure
whereas the critical pressure threshold was related to the patient’s own profusion pressure. This is
an amazing difference of very large difference in pressure thresholds considering the importance of
this issue in considering patients that present with pressures within this range.

We became interested in studying both of these questions, that is the mechanism of nerve
conduction failure and the critical pressure threshold for peripheral nerve and used a human model
by which we obtained human volunteers ; we injected the area over the flexor carpi radialis tendon ;
and we inserted a wick catheter. Later in the experiment, we used the slit catheter. We inserted it
at an angle of 45 degrees until we reached the carpal canal, deep in the base of the palm, and then
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withdrew it one-half of a centimeter. We then used an external compression templet.made of molded
rubber and elevated the floor of a compression jack such that we could elevate the pressure directly
upon the median nerve and monitor that pressure with our wick catheter.

We study tissue fluid pressures of 40, 50, 60 and 70 mm of mercury. We measured blood pressure
at 5-minute intervals, sensibility and motor testing at 5-minute intervals, and we measured interstitial
pressure at 5-minute intervals. We studied sensibility with static and moving 2-point discrimination.
We used Semmes-Weinstein monofilament testing. We used vibrometry with a quantitative vi-
brometer and we studied motor function manually. We also used electrophysiological tests with
motor and sensory conduction and with some more advanced studies such as decremental conduction.

And what did we find ? We found that at 40 mm of mercury, the sensory amplitude remained 90 %
of normal. There was very little change in sensory or motor latency. There was no change in 2-point
discrimination over a period of as long as 4 hours. And there was no change in Semmes-Weinstein
monofilament values. And these normal tensive patients whereas with tissue fluid pressures of greater
than 50 mm of mercury, there was a rapid loss of sensory conduction ; a disappearance of sensory
latency, usually within 20~40 minutes ; there was a rapid rise in 2-point discrimination at 20~40
minutes ; and there was a progressive increase in the Semmes-Weinstein monofilament values. This
indicated to us that there was a critical pressure threshold between 40 and 50 mm of mercury at which
nerve fiber viability was jeopardized.

We were interested in determining whether there was a relationship between the patient’s blood
pressure, and therefore profusion pressure, and the critical pressure threshold for nerve. We obtained
16 healthy volunteers and 10 hypertensive patients, and we studied them in the same way. This is a
representative example of a patient with a diastolic blood pressure of 100 mm of mercury. He was
compressed at 60 mm of mercury, a pressure sufficient to cause each of our normal tensive patients
to have a complete nerve conduction block in 20~40 minutes. However, this patient showed no nerve
conduction failure either by electrophysiological means or by sensory testing. We brought the same
patient back one month later and tested him at 70 mm of mercury and we found that there was a rapid
drop of amplitude within 20~40 minutes and a rapid loss of sensory function.

Based on our experience with these patients, we found that when there was a difference between
diastolic pressure and tissue fluid pressure of greater than 30 mm of mercury, there was no nerve
conduction block. Whereas when there was a difference between diastolic pressure and tissue fluid
pressure of less than 30 mm of mercury, there was a consistent nerve conduction block.

To summarize this material, we found that there was a critical pressure threshold for peripheral
nerve that could be demonstrated which was a mean arterial pressure minus tissue fluid pressure of
45 mm of mercury. Or diastolic pressure minus tissue fluid pressure of 30 mm of mercury and that is
the value we use in decompressing nerves and compartments today in San Diego. And there is an
absolute pressure in normal tensive subjects of 40~45 mm of mercury.

Well, we felt that this material indicated that ischemia was probably the mechanism by which
nerve was failing, at least in the early stages of comipression. But to document that and study it
further, we used some tourniquet studies in conjunction with our compression studies. We found that
with a tourniquet elevated te 250 mm of mercury, there was a rapid loss of sensation within 20~40
minutes. 1 draw your attention to one thing: that is the recovery phase following release of the
tourniquet. In each patient we found that there was complete recovery of motor and sensory function
within 10 minutes following release of compression, either by tourniquet or by local compression.

We then combined the two experiments. We used local compression at the wrist of 60 mm of
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mercury until all nerve function ceased. At that point, we elevated the tourniquet around the arm and
released the local compression at the wrist. If mechanical deformation was the cause of conduction
failure, we would have expected a rapid return of function of the nerve within 5~10 minutes.
However, for as long as we utilized the tourniquet, there was no return of nerve function, to us
indicating that ischemia, again, was the primary mechanism of nerve conduction failure.

To correlate our findings with true carpal tunnel syndrome in patients with chronic nerve
compression, we studied 15 patients and 12 control subjects and studied the carpal canal pressures just
prior to, during and after carpal tunnel release. We found that the mean control carpal canal pressure
was 2.5 mm of mercury. The patient with carpal tunnel syndrome had a carpal canal pressure with
the wrist at neutral position of 32 mm of mercury, and with 90 degrees of flection that increased
markedly. Immediately after carpal tunnel release, and after skin closure, carpal canal pressure was
5 mm of mercury. We then brought back half of our patients at 2 months and found that carpal canal
pressure was maintained at a low level : 3.5 mm of mercury.

We conclude from these early experiments on the pathophysiology of nerve compression : (1) the
cause of nerve conduction failure in conditions of low pressure nerve compression is reduced
microvascular profusion ; (2) that at the acute critical pressure level for nerve fiber viability is 45 mm
of mercury in normal tensive patients ; and (3) that the chronic mean pressure level for patients with
carpal tunne! syndrome was 32 mm of mercury, an expected reduction because this is a chronic
condition and this is acute. And, finally, the concept of delta-P is valid, that is, there is a critical
pressure threshold for nerve which is 30 mm less than diastolic pressure or 45 mm mercury less than
mean arterial pressure.

We noticed some unusual findings while we were doing these experiments insofar as the assess-
ment of the patient with median nerve compression was concerned. We extended our studies to
further document the sensory and motor changes within the median nerve so that we could more
accurately diagnose carpal tunnel syndrome early after its presentation. We were aware, as others,
that the current techniques of sensory assessment were inconsistent and misleading and this was
particularly true in cases of nerve compression.

Using our same human compression model, we studied the responsive sensibility changes both
electrophysiologically and by sensory testing and motor testing and we found that there was a
consistent onset of paresthesia 10~15 minutes after the onset of compression above a critical pressure
level, that is above 40 mm of mercury. Concomitant with the onset of paresthesia, there was a
reduction in sensory amplitude, and there was a rise in Semmes-Weinstein monofilament values. This
was progressive over a period of 40~60 minutes and this amplitude gradually decreased. We then
compared the usefulness of static and .moving 2-point discrimination to Semmes-Weinstein
monofilaments and vibrometry.

And what we found was interesting, that is that the Semmes-Weinstein monofilaments presented
a gradual increase in value over time very representative of the loss in sensory amplitude and the loss
in nerve fiber conduction, whereas 2-point discrimination demonstrated an all or none phenomenon,
that is 2-point discrimination remained normal until nearly 90 % of nerve conduction had ceased, and
then it became immediately abnormal going above 15 mm.

We then compared the increase in distal sensory latency with the various studies we were doing
and we found that numbness and tingling came on very early with increases in sensory latency and
also vibrometry and Semmes-Weinstein monofilament abnormalities were seen very early with
increases in sensory latency of less than 0.5 milliseconds, but 2-point and moving 2-point occurred
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very late, 1.6 milliseconds.

We then studied the changes in sensory amplitude and compared them to our various studies, and
found that with a reduction in sensory amplidude of 13 %, numbness and tingling began. Shortly
thereafter, at approximately 70~759% of baseline sensory amplitude, we saw abnormalities in
vibration and in Semmes-Weinstein monofilaments. However, we needed a reduction in sensory
amplitude of 75~80 9% before we saw any change in 2-point discrimination or moving 2-point
discrimination.

We then studied patients with carpal tunnel syndrome. We tested them pre-operatively and 6
weeks post-operatively with all of our sensory and motor studies and our electrophysiological studies.
This is the percentage of patients with sensory abnormalities based on these studies. And we found
that over 80 % of patients with carpal tunnel syndrome proven by electrophysiological studies had
abnormalities of vibrometry and Semmes-Weinstein monofilament values. Whereas only 20 % of
patients with carpal tunnel syndrome had abnormalities of 2-point discrimination.

This was confusing to us. We didn’'t understand why moving 2-point and 2-point were so
inaccurate in diagnosing early carpal tunnel syndrome. We particularly expected moving 2-point
discrimination to be very sensitive and didn’t understand why vibrometry and Semmes-Weinstein
monofilaments were so much more accurate.

We then went back to the work of Mountcastle at Johns Hopkins University and it soon became
clear what we were finding. And that is that regeneration and tests for regeneration are fundamental-
ly different from compression neuropathy and should be different. Because in regeneration there is
an interruption between the connection between the cortex and the sensory receptor. Whereas in
compression, that connection is maintained and one must document a gradual reduction in functioning
fibers whereas in regeneration there is a gradual resumption of nerve function based on nerve fiber
progression through the repair site.

When we looked at all of the factors associated with sensory testing that we know today, that
is the fiber population either slowly or quickly adapting, or the receptor itself, the Merkel, Meissner,
Pacinian, and Merkel cell neurite complex, and we looked at the neurophysiological correlate as
described by Mountcastle. We found that it was the neurophysiological correlate that provided the
explanation for the improved sensitivity of these tests ; that they were both threshold tests, whereas
both moving 2-point discrimination and static 2-point discrimination were innervation density tests.
Of much less importance is the type of fiber, not nearly so important in conditions of nerve compres-
sion.

Any test of spatial density relies on the innervation density and the size of a peripheral receptive
field and reflects higher levels of cortical integration : very useful in conditions of nerve regeneration
but not so useful in compression. Whereas a threshold test measures the relevant response of a
primary afferent nerve fiber with its receptor cell to a quantitatively sufficient stimulus independent
of the size or innervation density.

As an extension of these sensory studies, we saught to determine the value of the provocative test
that we all do on patients with carpal tunnel syndrome. Thus, we saught to determine the sensitivity
and specificity of Phalen’s test, of median nerve percussion at the wrist, and of the tourniquet test as
described by Gilliatt.

We studied 67 hands with electrodiagnostically proven carpal tunnel syndrome and 50 control
hands. We found, briefly, that the wrist flection test, that is Phalen’s test, was the most sensitive,
positive in over 70 % of patients, but not terribly specific in that we had 20 % false positives. The
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nerve percussion test —— it is commonly called Tinel's sign —— was less sensitive, only 49 %
positive sensitivity, but very, very specific. When it is present, the patient usually has carpal tunnel
syndrome. We had a false positive rate of less than 5 %.

The tourniquet test, however, was neither sensitive nor specific and we no longer use it in the
work up of a patient with carpal tunnel syndrome. And this material will appear shortly in the
American issue of The Journal of Bone and Joint Surgery.

Well, then, with our new understanding of the mechanism of nerve conduction failure, and more
information on sensory and motor testing, and electrophysiological testing, we saught to correlate
what we know about the pathogenesis of nerve compression within carpal canal with treatment. We
did this. We suggest that chronic median nerve compression leads to ischemia initially by means of
epineurial venule compression. With continued compression, there is increased microvascular
permeability and protein extravasation. We continue with compression, with have increased epineur-
ial adenia and with time and increased pressure epineurial intravascular fibrosis. We are aware that
if compression continues, there will finally be a breakdown in the perineurial barrier and once this has
occurred, there is very little we can do as physicians to improve the patient’s sensibility and motor
function. Thus, our treatment is directed at stages one, two and three as we relate the patho-
physiology of nerve compression within the carpal canal to treatment. In the early stages of
compression, the patient presents with intermittent numbness with nocturnal symptoms of relatively
short duration. This is the stage in which the median nerve is undergoing early ischemia with
epineurial venule compression. The question that we ask in this early stage of compression is there
a place for conservative management ? Morton Spinner talks about the uses of diuretics and others
talk about the use of vitamin B-12. 1 have had no experience with either technique but I have had
experience with injection of depo-steroid, depo-medral or something similar, and 1% xylocaine
within the carpal canal and then 3 weeks of continuous splinting of the wrist in neutral position. We
carried out this technique in 50 hands prospectively. And we found that patients with more marked
compression, more severe compression, had a very poor response to injection of the carpal canal, and
that in 18 months, only 11 9% had a successful resolution of symptoms with one injection and splinting.
Whereas patients with more mild findings and a 40 % successful response to injection and these
patients were, basically, patients with symptoms of less than 1 year, with diffuse intermittent
numbness with normal 2-point discrimination. Absence of weakness or atrophy with no fibrillations
on electrophysiological tests and usually only one to two millisecond delays of distal motor or sensory
latencies.

How do we use this information ? 1 tell the patient who presents into the office with carpal tunnel
syndrome if they have mild findings, they may wish to consider a single injection and 3 weeks of
splinting with a 50~50 chance, roughly, or having some long-lasting relief of their symptoms.
However, if they have more severe findings, 1 suggest that they go right to carpal tunnel release.

David Green has recently suggested that a single injection into the carpal canal is useful for the
diagnosis and for the prognosis of the patient who is going to undergo carpal tunnel release. And he
suggests that a patient who has a resolution of his symptoms for 6 weeks to 6 months will have a
positive and a good response to carpal tunnel release.

Whereas a patient who does not have this response will have a poor response to surgery.

In the middle stages of nerve compression within the carpal canal, the patient has normal 2-point
discrimination, no thenar atrophy, has an increase in Semmes-Weinstein monofilament values,
however, an increase in vibration values and he does have some abnormalities on electrophysiological
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testing, and this is the stage in which ischemia has progressed to increased microvascular per-
meability. There is protein extravasation and epineurial adenia has formed. And it is this classic
carpal tunnel syndrome stage that is best treated by carpal tunnel release and transection of the
transverse carpal ligament whether you use this incision, as I prefer, or the incision that ends at the
transverse wrist crease. This incision is designed after the recommendations Julio Taleisnik in the
1973 Journal of Bone and Joint Surgery and that is it extends no farther radial than the longitudinal
axis of the ring finger as it is flexed to the wrist so as to avoid injury to the palmar cotaneous branch
of the median nerve. Using this incision that extends into the forearm, I have had no significant
problems with sensitivity, but I am aware that others prefer to stop the incision here so as to avoid
crossing the wrist crease. The success of carpal tunnel release for pure carpal tunnel syndrome is
very good, with a positive response rate of 85~90 %.

I want to spend a few moments talking about the later stages of carpal tunnel syndrome. When
the patient presents with increased 2-point discrimination and with thenar atrophy, what Curtis and
Eversman have stated patients with indications for internal neurolysis. At this stage, the patient has
progressed from epineurial adenia with time and increased pressure to epineurial fibrosis and if it is
not interrupted at this stage it will progress further to perineurial effects and destruction of the nerve.

A characteristic patient with severe thenar atrophy and excavation of the thenar muscles also
has at operation marked constriction of the median nerve and marked flattening, such that frequently
you can not find two fascicles running through this area. The question is, what to do at this stage ?
Is there anything that can improve the response of the patient to treatment? That is, should we do
a simple carpal tunnel release ? Another option, should we do an epineurotomy or, as you call it, an
external neurolysis? Or should we do an immediate opponesplasty because this patient is unlikely to
recover muscle function? Or, finally, should we do a true neurolysis, internal neurolysis as described
in 1963 by Curtiss and Eversmen ?

The procedure of neurolysis, internal neurolysis of the median nerve, is supported by the vascular
studies of Lundborg and Reavick where they demonstrated longitudinal vessels within the fascicles
of the median nerve, and suggested that you could dissect between fascicles without risking devas-
cularization of the individual fascicular structures.

We studied the value of internal neurolysis in 2 series of patients. The first was a group of 36
hands in 32 patients and the second, more recently, 29 hands in 29 patients. Now we found that each
one of these patients had to have increased 2-point discrimination, atrophy and denervation potentials
on electromyography. Both studies were carried out prospectively. Pre-operatively, the 2 groups
were very similar. The neurolysis group had 50 9% atrophy ; the non-neurolysis group, 62 9%. In
muscle strength also very similar, 34 and 32 % significant motor weakness. Also preoperatively on
sensibility testing, 81 % in the neurolysis group had abnormal 2-point discrimination, 78 % in the
non-neurolysis group. And for Semmes-Weinstein monofilaments, 91 9% abnormal in the neurolysis
group and 97 % in the non-neurolysis group, very similar series.

The technique of neurolysis as we performed it was similar to that originally described by Curtis
and Eversman. The epineurium was divided longitudinally and the palmar 50 % of the fascicles of
the median nerve were freed from investing scar ; the dorsal 50 % was preserved, and this was all
done with an operating microscope.

What did we find? This is very recent data, and I accumulated it for coming to Japan ; it has
not yet been reported. We found that for thenar atrophy post-operatively there was no significant
difference in the recovery of muscle bulk between the neurolysis group and the non-neurolysis group.
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Similarly, there was no significant difference between the recovery of motor strength. Likewise, there
was no significant difference between the neurolysis group and the non-neurolysis group as far as
recovery of 2-point discrimination was concerned. And there was also no significant difference when
we isolated those patients with the most severe findings, the most severe loss of 2-point discrimina-
tion. There was no significant difference in their recovery. In fact, the only significant difference we
found between the neurolysis group and the non-neurolysis group was that when we used the more
sensitive studies of sensory testing, the Semmes-Weinstein monofilaments, we found that there were
improved results in the patients who did not have a neurolysis. And similarly, when we looked at
patients symptomatically, we found that with at least 1 year follow up, there was a greater percentage
of patients with complete symptomatic relief of their symptoms when they did not have a neurolysis.
We conclude from this study at this time, that we have no specific indications for the performance of
an internal neurolysis and the patients do just as well when treated by carpal tunnel release alone,
with roughly 75 % good to excellent results.

I want to discuss briefly one final issue in so far as carpal tunnel release is concerned. And it is
well represented by this patient who is a 16 year old male who was involved in an auto accident
sustaining high-velocity trauma to his wrist. He has paresthesia in the median nerve distribution
initially and when tested had 2-point discrimination of greater than 20 mm in all digits. He was
initially treated in an outside hospital. That initial treatment consisted of a closed reduction of
fracture of the lower end of the radius and ulna and a long arm cast with what was called the position
of moderate flection, a circular cast in a position of moderate flection.

4 hours post-reduction he was referred to our hospital. He had dense numbness in the median
nerve distribution and 2-point discrimination of greater than 20 mm.

We had studied patients with Colles’ fractures and studied the position of the wrist in relationship
to the inter carpal canal pressure. And we studied 23 patients at the time of presentation. And we
found that when you went from neutral position to positions of progressive flection the inter carpal
canal pressure increased markedly. Such that when you arrive at 45 degrees of flection, there was a
mean inter carpal canal pressure of 47 mm of mercury. There was a wide standard deviation as
would be expected with the varying amounts of trauma and with the varying duration from the injury.
We found that 10 of 23 wrists had pressures of greater than 40 mm of mercury when their wrists were
placed in 40 degrees of flection. We had also previously gone to the lab to determine the relationship
between circular cast treatment and inter carpal canal pressure and pressure on the median nerve as
well. And we found that when we injected saline into an animal’s limb and put on a circular cast, you
could raise the pressure markedly.

When you cut the cast, you would reduce the pressure by 30 %. When you spread the cast, you
could reduce it another 35 %. Each interval very important in reducing the initial intercompartmental
interstitial pressure to a low residual value. Such that we felt in this patient with loss of sensibility
and loss of motor strength, that initially we wanted to take his cast off and extend his wrist to neutral.
And I enjoyed hearing the paper yesterday at the trauma session which suggested that the use of
external fixation for patients with severe trauma to the distal radius had reduced the incidence of
reflex sympathetic distrophy remarkably and that has been our experience. And I believe that the
reason that this occurs is that occult median nerve compression at the wrist is eliminated. And I think
if we follow these patients carefully with sensitive studies we can reduce it even further, and that is
avoid positions of marked flection and avoid circular casting.

Well, this patient had no return, however, of sensation within 2 hours following the removal of
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his cast and extension of the wrist to neutral. We then questioned did he have an acute carpal tunnel
syndrome or did he have neurapraxia of the median nerve, and how does one distinguish between the
two ? ’

We know that if he had acute median nerve compression with pressures of greater than 45 mm
of mercury he would have total ischemia of the median nerve and if that were left for 8~12 hours,
he would sustain irreversible nerve damage. We measured his inter carpal canal pressure and found
that in neutral position it was 62 mm of mercury and then we flexed the wrist to 40 degrees we found
it increased further, and knowing his blood pressure we knew this was dangerous. So this patient was
treated with a carpal tunnel release and with an open reduction in internal fixation of both his radius
and his ulna.

Immediately post-operatively after skin closure, in neutral position, his carpal tunnel pressure
was 8 mm of mercury and with maximum wrist flection it was 43. And 2 months later, his inter carpal
canal pressure was 5mm of mercury, and with maximum wrist flection, it was 14, a sustained

reduction in carpal canal pressure.
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The Primary Treatment of Hand Injuries

Lister, G.D. (U.S. A)

It is self-evident that excellence in the management of hand injuries depends on expedition: we
must work quickly. Examination is the key to our subsequent management ; and exploration forms
the second phase in our examination process. We must also work with a tourniquet under exsan-
quination and we require, of course, expertise which you all possess or are gaining at meetings such
as this. In emergency rooms throughout the world, there are a number of injuries that are often
missed and these commonly involve partial injuries to vessel, nerve or tendon ; pressure-injection
injuries ; some fractures are commonly missed such as those of the scaphoid and hamate ; dislocations
are overlooked in the PIP joint particularly, and dislocations of the lunate. They are commonly
overlooked because they may not be present at first but develop later or compartment syndromes.

The partial injuly to a major blood vessel is the only potentially fatal injury to the upper
extremity that we will encounter. And the patient who presents with a heavily blood-stained bandage
which will not stop bleeding despite pressure should be suspected of having a partial injury to a major
vessel because as has been shown here complete division of a vessel, the vessel not only constricts,
it retracts, and bleeding ceases. If, however, the same mechanisms apply to partial injuries, then the
retraction of the vessel causes the opening to open only more widely and cause massive hemorrhage.
This massive hemorrhage can prove fatal. We have had two patients arrive dead in our emergency
room both of them young, fit, healthy men.

Pressure-injection injuries are often overlooked because initially they give few symptoms but all
of the material is to be removed if indeed we are to achieve full function in these hands.

Often overlooked is the compartment syndrome ; the fracture is observed, the fracture is often
treated, but what is not recognized is the underlying vessel injury which may approximate to the
fracture and the lack of flow to the forearm compartment can produce a compartment syndrome
which is not recognized will be disastrous. This produces a lack of ability to extend the fingers even
when the patient is anaesthetized. If the patient should be unconscious or uncooperative, then
incompartmental pressures should be undertaken. Anything over 40 cm of water will almost certainly
produce a compartment syndrome.

So much for missed hand injuries, and there are many of those. Let us consider how we manage
the massive, complicated injury. When first we see these injuries, we must make a number of
decisions. The first one is: What tissues have a blood supply ? Does the hand have a blood supply ?
Does this skin, does this muscle, does this bone have blood supply, because blood supply is all. Next,
is the skeleton stable ? If it is not stable, how can we make it stable ? Is there good, viable skin cover ?
Those three go together ; unless you can achieve good blood supply to all of the tissues, unless you
can achieve a stable skeleton, unless you can achieve viable skin cover for all of your reconstruction,
the patient will not heal. Once we have decided that we can establish blood supply or it is present,
that we can establish a stable skeleton, and we can establish good skin cover, then we can determine

can we give —— apart from these basic elements for healing —— can we give a basic function to this
hand? If we see a hand such as the one you see on the right, and the X.ray looks like this, then it
is evident that we could —— we could — - produce a stable skeleton, we could provide viable skin

cover, but the basic function would be destroyed because there is not joint. The tendons were both
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disrupted, nerve grafts would be required. Therefore we make a strong, primary decision and that
is to undertake amputation. Because this will give the patient the very best function.

In another hand —— more complicated —— we must evaluate can we produce a good, stable
skeleton? It is possible. Can we produce good, viable skin cover ? Can we give vascularity to each
of these digits? If we do achieve blood supply, stable skeleton and good skin cover, will the patient
have good function in this hand ? We decided that no, he would not. The correct treatment, therefore,
is amputation and early fitting with a prosthesis. This evaluation requires skill and experience. And
this is why, in LouisVille, we have a principle that senior surgeons are always available for such
decisions.

Here, for example, we see another patient with an exposed carpus with ridges cut into the radius
and ulna by the machine —— the glass machine —— he was trapped in. But we see also that he has
a viable hand. He has intact median nerve and ulnar nerve function. And therefore we have a simple
problem in what appears to be a massive injury : we require only to provide extensor compartment
function after restoring skin cover. Therefore, this hand must be preserved. But to the uninformed
or to the uneducated, this might be a difficult decision to make. And these are the first and primary
decisions that must be made and these are the ones that require experience.

What about debridement ? Debridement is considered as a relatively minor factor. It is only a
relatively minor factor if we are not going to attempt to undertake primary and immediate recon-
struction of the injured hand. If, as in LouisVille, we are commited to primary reconstruction, then
debridement assumes paramount importance. We must remove all contaminated tissue. We must
remove all avascular tissue. How do we know that it is avascular? Well, we know that we have
reached vascular tissue when it bleeds, or, in the case of muscle, when it twitches. Now, it will only
twitch if the tourniquet has been inflated for less than 20 minutes, so we may have to reevaluate this
after the release of the tourniquet.

What is the place of irrigation and the place of the second look ?

I will deal with those later.

The first thing, of course, is to clean things because when you clean things and release the
tourniquet you see that the skin here is very good and very viable. The debridement should proceed
in a particular order. Firstly, we should excise contaminated and avascular soft tissue. This requires
sharp excision. We then should remove any contaminated or avascular bone. This may require the
use of a saw, or a chisel or, here, a burr.

We should then address the skin, and the skin is the last thing where we undertake excision. And
the excision is undertaken in a very routine way. Incisions are made parallel to the original wound
and if we do not see bleeding from the edge, we continue to excise until we see bleeding from all skin
edges. And we find ourselves with an excision of this nature. With our new approach to skin graft
——to skin flat transfer —— then our debridement has become more radical. On the subject of
debridement, [ want to pay tribute to my close friend Marko Godina who was killed in February of
this year. He taught me and other people more about debridement than I thought anyone could. His
principle was that debridement should be undertaken as if we are excising a tumor. You should
excise the wound or the tumor through normal tissue so that you never cut in contaminated tissue,
you never out in tumor.

Here is a debridement performed in his department. Here, a massive injury to the lower
extremity in a motor vehicle accident. Here, you see the extent of his excision. You see that soft
tissue has been excised back to bleeding ; that the bone has been excised radically with a saw. He
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has produced a wound which is not only entirely well vascularized, he has also produced a wound that
is flat, has no cavaties and can be easily reconstructed.

Should we perform our debridement under tourniquet ? Yes, we certainly should. If the tourni-
quet is not inflated, then bleeding from the first tissue that we encounter that will bleed will obscure
the lack of bleeding from later tissues. We must therefore always use a tourniquet. We even use an
Esmarch bandage, as we were advised by Dr. Tamali, in undertaking major replantation.

This presents a difficulty : How do you do a debridement on a structure that has no blood supply
because it has been amputated and you indeed intend to replant it? Well, we insert a catheter into
the major vessel of the limb and we profuse the limb. As we profuse the limb, we then cut away any
muscle which does not bleed this clear fluid (we used heparinized Ringer’s lactate ; it is not important
what you use). But we must cut away all of the muscle —— all of the muscle —— which does not
weep this fluid, because then we know that we will only preserve muscle that after replantation will
have a good blood supply. Then, we can determine what is the level of bone shortening which must
be performed. Because the most important thing is that when we have completed the replantation,
we can suture healthy, bleeding, viable muscle directly to healthy, bleeding, viable muscle. The most
common error in macroreplantation is to fail to excise adequately the muscle ; circumferential
infection will result if this error is made. Radical bone shortening after muscle excision will give
success.

What of irrigation ? We believe that regular irrigation, simply of a manual nature, is absolutely
acceptible throughout debridement, but that positive irrigation should not be used at the beginning of
the debridement but should only be used at the end to wash away fragments.

How about the second look ? There are certain tissues which are so important that we will
preserve them even though we suspect they do not have a blood supply. An example is the palm of
the hand. Here, we did not know what the extent of damage to the palm of the hand was, so we leave
it and we take a second look and this portion has to be excised, and this grafted. This is not —
this is not —— acceptible if we are to undertake major free flap transfer for primary reconstruction.

The most imaginative method of second look that I know of was that performed by Marko
Godina. In this patient, he had extensive injury in the form of burn here, extensive bone and soft
tissue injury here, but a good hand. There was no way that he could determine the extent of the
damage here nor could he do a radical debridement here without destroying all of the muscle which
would be required to make the hand function. So, in order to preserve this hand, he undertook
heterotrophic transplantation, and you will see here the hand in the right axilla attached to the
thoraco dorsal vessels being profused adequately while they observed the progressive necrosis and
granulation here and went on to get healing with a satisfactory skin graft. They were able to deal
appropriately with this ill-defined wound here which required a second look. Meanwhile, the hand
was preserved in the axilla, for a period of 65 days ; therapy was performed on the hand, and then
the hand was implanted successfully onto the arm when healing had been satisfactorily achieved.
This patient now is already developing two-point discrimination, he has function and he has returned
to work on the farm.

Our priority — our first priority — in establishing the management of massive hand injuries
must be —— must be —— the restoration of blood supply. If we do not pay sufficient attention to the
blood supply of every tissue in the extremity on which we work, then we will encounter disaster in
the form of infection, nonunion, failure of grafts and flaps, and rupture of tendons.

Let me show you an example. Here, from another clinic, is a patient who is said to have
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undergone debridement. Here, you can see there is no bleeding from the skin edges ; there is dead
tissue in the base of the wound. They believed they could help this by applying a flap. No flap brings
new blood supply to dead tissue. No flap brings new blood supply to dead tissue. You will hear many
microsurgeons throughout the world saying we will bring a new blood supply. You don’t. You bring
tissues with a good blood supply which can protect the tissues which it covers. But it does not in the
primary situation bring a new blood supply. And what happens is the infection beneath the flap causes
necrosis in the flap itself. This groin flap was good, but it was killed by the underlying infection which
resulted from inadequate debridement. The patient came to us later with a flap which was of no use ;
with underlying osteomyelitis which extended throughout his radius and carpus ; and this required a
much more difficult procedure.

The more difficult procedure is the secondary debridement : the debridement at reconstruction.
And this required the resection of the whole of the distal end of the radius, leaving him with no bones
between midforearm and carpus ; external fixation, creating a large, soft-tissue defect ; the soft-tissue
defect was filled with a latissimus flap ; the whole in the radius was filled with this, the serratus taken
on this branch of the thoracodorsal artery seen here in an anatomical disection which comes off the
subscapular vessel just before the thoracodorsal proceeds into the latissimus. After healing was
achieved, bone continuity was restored by the transfer of vascularized fibula in order to restore a
satisfactory limb. You may say this was too much work for one limb. This patient had an identical
injury on the opposite hand. It was therefore appropriate to undertake this type of reconstruction on
both extremities.

The second priority, once we have paid attention to the blood supply of all the tissues, is to
undertake those three basic repairs or reconstructions which will ensure healing of the patient, and
they are: Creation of a rigid skeleton, vascular repair, and the coverage of the entire reconstruction
with well-vascularized soft tissue. I will tell you very little about bone, but we all know that in order
for bone to heal we require contact, stability, vascularity, alignment ; in the upper extremity, length
is of secondary importance. The techniques that we use are the same that you use here. We use
Kirshner wire, screws, plates. The ones I would draw to your attention are the latter three or four.
Interosseous wiring has proved very valuable to us: Both the Type A and the type B interosseous
wiring of which [ have written. The use of the intermodalary pin, or the bone peg or the external
fixater in the management of comminuted fractures has proved very valuable. Arnold Grunberg has
told us about the use of the intramedullary Steinmann pin in the management of comminuted
fractures, and we have made widespread use of this excellent technique. In more comminuted
fractures, we frequently make use of external fixation, either using one of the prefabricated systems
or using simply Kirshner wires fixed together with methyl methacrylate glue.

Remember what I said : Blood supply is all. We must therefore pay attention particularly to our
vessel repairs. How can we restore blood supply to tissues that don’t have it? Just by aligning and
fixing the skeleton. This may restore the blood supply through a vessel that has been kinked.
Decompression of the compartments either of the forearm or of the intrinsic muscles may restore
valuable blood supply to the muscle of the extremity. And finally, of course, we will do vessel repairs
and grafts.

The prerequisites for a good vessel repair are very simple. They are proximal flow, good distal
runoff and a good vessel well-repaired. It sounds very simple, but often it causes difficulties. The
difficulties arise if there is poor proximal flow, there may be a compartment syndrome. Poor distal
runoff may be due to injuries that we have not noticed distal to the major injury. The vessel may have
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damage that we have not recognized. We may have a poor view or poor positioning in the operating
room. Here, in transmetacarpal transproximal phalangeo amputation, there may be swelling in this
area which causes a compartment syndrome so that flow to the arch is poor. Restoration of the blood
vessels at this level may be of no benefit because the injury here has also injured those vessels so we
would have poor runoff. Finally, we must inspect the vessels with care, looking for intimal damage
and disruption. I believe that avulsion of the branches of a vessel is one of the best indications that
the vessel is damaged and this should be excised. Intermural thrombus, separation between the intima
and the media is often a sign of vessel damage.

Quite frequently we find ourselves after vessel resection with a significant segment of vessel to
be replaced and the common method of doing this is to use a vein graft. I believe that vein grafts are
really second rate because when we use a vein graft we have a great discrepancy between the distal
end of the vein graft and the vessel into which we are going to put it. And we use devices such as
this in order to restore what we are looking for which is a one to one relationship. We may have to
do complicated things likely to lead to thrombosis. 1 pass on to you another idea of Marko Godina :
If you are replacing an artery, why not use an artery. Here you see reconstruction of the ulnar artery,
it’s deep branch, the superficial palmar arch, and a common digital artery all using the subscapular
system of vessels. If you have an extensive injury in the left hand, than you prepare the right axilla
and from the right axilla you can take arteriografts, vein grafts and nerve grafts for your primary
reconstruction. This, here, is the subscapular artery. Here is the branch to the serratus being used
for the deep arch. Here is the thoracodorsal and here are the two major branches of the thoracodorsal
artery attached to common digital arteries. Each anastomosis was between vessels of the same
thickness and the same caliber. The flow characteristics are excellent. When you have used your first
arterial graft you will never again use a vein graft.

And what of skin cover, the last of the three considerations that rule healing of the patient. There
is no point in leaving a wound open. If you leave viable tissue exposed and you keep it dry, it will
die. And if you then cover it, this will cause infection. If you cover exposed, viable tissue with wet
dressings, it will granulate and granulation leads to scar. And scar in the upper extremity is not
desirable. This is a wound that has been left open for a long time in another department and here
we see dead tissue that was originally alive but which has been dry and has died. And here tissue that
has granulated because they kept it wet, but not a good wound to apply secondary cover to because
it is infected ; it will produce further infection beneath your free tissue transfer and it will later go
on and produce heavy scarring which will impair function.

In looking for skin cover, we must obviously assess the flow to the skin, the blood supply to the
skin that is present already and ['ve told you how we do this: With a knife, making parallel cuts to
the wound. We must then choose cover which is appropriate for the bed —— that is the defect here

— for whatever reconstruction that we have done in this bed. And finally, for the surgeon who is
conducting the operation, you see here there is a ulnar nerve injury which is partial ; it should
therefore be grafted primarily because the most difficult injury to graft secondarily is a partial injury
to a nerve. So therefore we would like to do a primary graft to part of the ulnar nerve. We would
like to repair these tendons, but if we do that, we leave a bed which can not be covered with a simple
skin graft. If we leave it alone, we can use a skin graft. So that if we don’t have the skill to do
something different, we can certainly leave it. Therefore we would have an appropriate bed, we
would do no reconstruction and the surgeon who does not know how to do free tissue transfer would
have a reconstruction with a split thickness skin graft which would be appropriate to him. However,
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if we have the skill and the knowledge to perform immediate free tissue transfer, then we should do
so because this is best reconstructed primarily. And here we used a lateral arm flap and covered the
wound at the time of the initial debridement and reconstruction.

We use many emergency free flaps: For small defects, we use the lateral arm flap ; for medium
defects, the scapula ; for large defects, the latissimus dorsi. If it is a girl and you are concerned about
the donor scar, we would use the groin flap. If we need through flow to reconstruct distal flow in the
extremity which requires skin cover we would use the forearm flap or the lateral arm flap if it is a
distal vessel because this gives us not only the skin cover we require but the arterial graft that we
need to reconstruct flow to the distal part of the extremity.

If we wish to reconstruct a tactile area, as here in this loss of the thumb where the whole pulp
was lost, we will go to the first webbed space in the foot and from there we will take an appropriate
free tissue transfer. And here, the reconstruction is shown 6 months later. The orientation of
sensation is correct: It is to the thumb, the patient feels it is the thumb. And here at 6 months after
reconstruction he has 6 mm, 2-point discrimination in the pulp of this reconstructed thumb.

The advantages of the free-flap are considerable. They include the fact that the blood supply is
permanent, and a long time ago, plastic surgeons in St. Louis taught us the value of the permanent
pedicle which carries blood to the area. It is a single operative procedure. There is now less
operating time and less hospital stay with a frée-ﬂap transfer than with a pedicle flap. Both in our
department and also in another department, where Marko Godina was the chief we will have
correctly oriented pulp tissue and in special cases such as infants or epileptics, we have no problems
with the pedicle. We can elevate the hand if that is appropriate.

I need to show you some figures because what are the results ? This is taken from another lecture
on the lower extremity, and these are Marko Godina’s figures from his lecture. You may say well if
you do a primary, immediate free-flap, you must have many failures, you must have a lot of infection.
1 want to show you his figures, because ours are similar. Here you see 134 early free-flaps, that is in
the first 72 hours. The survival rate is every flap except one. 99.2 % survival rate. Our rate with
emergercy free-flaps in LouisVille is also over 95 %. Infection rate 1.5 9% compared to 17.5% in
delayed, and 6 % in late reconstruction, in much lower infection rate. Hospital time: You see
27,130,256 days. The number of operations: 1.3, 4.1, 7.8. These figures will be published in the
September issue of Plastic and Reconstructive Surgery. Our experience in LouisVille does not bear
comparison to this mammoth series of 534 free-flaps to the lower extremity, but between LouisVille
and Godina’s department, we have now 200 —— more than 200 —— emergency free-flap reconstruc-
tions and the failure rate is 1.5 %. Three flaps failed out of 200 free tissue transfers.

The third priority and now we have established our patient —— that he will heal ; we have
a blood supply to all tissues, we have a rigid skeleton, we have good skin cover. Qur patient will heal.
That we know. Will he function? The next priorities are to make him function after we have dealt

with the initial healing problem. And here we must undertake joint reconstruction, we must do nerve
repairs and nerve grafts. The priorities in joint reconstruction is that we allign the articular surface,
but most important of all, that we establish early motion. This requires fixation of the joint surfaces
which is rigid and which does not cross the joint surfaces so that we may move those joints early
either passively or actively. Where we find ourselves with significant loss of bone substance and
disruption of a joint, we will readily go to the immediate implantation of a silastic joint. Here you
see fixation which here is broken at a later stage but fixation of the fracture and immediate insertion
of a silastic implant.
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Why do we do a silastic implant immediately ? Well, we do it mainly to maintain length and it
certainly will maintain length. We do it partly to maintain motion and in our series of over 20 cases

of immediate silastic arthroplasty —— that is, done at the time of injury we find an MP motion
of 60 degrees, but a PIP joint motion of only 29 or 30 degrees. So poor motion but good maintenance
of length. But all those who object to this method of reconstruction say but you must have a high
infection rate. We have no infections in immediate silastic arthroplasty.

Nerves: what are the rules for nerves? Very simple: we must have good fascicles. Therefore
we must not repair an ill-defined injury. If we don’t know the extent of damage to the nerve, we must
not repair it. If we repair it, we don’t know whether or not it will work for perhaps one or even two
years. So we postpone the reconstruction if we repair an ill-defined injury.

Mismatch I will talk about. Double level injuries we must know about. If we have good fascicles,
there is only one other thing that we at our present knowledge can do and that is to get good
fascicular alignment: We must not bunch or separate the fascicular ends. You see, if the fascicles
are not aligned, as here, you see there is no alignment of the fascicles, here representing the
perineurium is the outside of an electrical cable, the perineurium here, the perineurium here: poor
alignment. What will happen if we repair this like this? Well, of course, the axons grow like this.
They don’t grow on down the distal nerve. So we must align fascicles.

Now, when we stitch a nerve, we must stitch it in such a way that the fascicles remain aligned.
We do this with very, very small stitches or with larger stitches that we do not tie tightly. If, when
you are stitching the epineurium of a nerve, you pull on the stitch until you feel resistence the way
you suture skin, or tendon, or some other things, then what will happen because the epineurium is very
loose, it will bunch and underneath the fascicles will look like this. So you must use small stitches
or larger stitches tied only loosely, watching the alignment of the fascicles all the time.

Partial nerve injuries must be repaired primarily for the reason I already told you. Because you
cannot go back into this nerve later and know where the good nerve and the bad nerve is. The knife
does not stop exactly between fascicular bundles ; it always cuts partly into some bundles. And you
cannot find your way in there without removing some of the function of the patient. Therefore, a
primary repair is always necessary and if you require it, a primary graft.

What of nerve grafting ? Well, we used not to do primary nerve grafts, but if you consider that
we've reconstructed the bone, we have put good, free-flap cover onto that wound which we know will
fail in only 1.59% of cases, we don’t want to go back into that scar ever, ever again. Therefore,
increasingly we now do primary nerve graft, we reconstruct the nerve at the time of injury.

What about our technique of nerve grafting ? It is not very good. Because what we do is most
of us followed the rules of Millesi, and he says to us we must match the fascicular groups visually.
We look at them proximally, and look at them distally and say which matches which. Let’s see what
happens when we make a mistake. Here are three theoretically fascicular groups : one is motor ; one
is sensory ; and another is sensory. So we have one motor and 2 sensory, proximal and distal. And
we match it up visually and we make a mistake. What we do when we make one mistake — only
one mistake —— and we put this motor to that sensory, then it follows we must put a sensory to the
motor and only one sensory to sensory, so the chances of recovery of motor function are zero in this
theoretical nerve. The chances of sensory recovery are 50 % maximum.

There must be a better way. And there is. We now routinely, both in emergencies and in late
grafting, take samples of the proximal nerve and send those samples, having marked the nerve, we
send those samples for evaluation for cholineacetyl transferase, and I spoke of this in 1981, when [ was
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last here. We now do this routinely. And then distally, we disect the nerve until we can see which
is motor and which is sensory, or, if the injury is too proximal, we stimulate the nerve to see which
is motor and the others must be sensory and then we immediately graft. When our chemists tell us
which are motor and which are sensory proximally, then we can put motor to motor and sensory to
SEensory.

And the final priority, the thing on which you had a whole morning’s discussion this morning,
tendon repair, in the massive injury, then you need to make things move is important, but it is the last
priority, it comes after blood supply and rigid skeleton, good skin cover, establishment of passive
motion by reconstructing the joint, reestablishing sensory and motor function by repairing the nerve,
only then do we come to the tendon. And we may do tendon repair, or primarily we may do grafts
or transfers. Again, we do not want to go back into that wound that we are reconstructing
completely.

In the repair, sheaf preservation and a smoothed aligned repair are important and I talked of this
5 years ago. Little has changed. In doing transfers, of course, correct tension is important. And I
told you about how we mustn’t divide the pulleys and therefore we have a complicated way of opening
these windows and I have written about this and you've heard of it, so that we can later close the
sheaf. Although we've not yet proved it, we believe that repairing the sheaf is beneficial. So much
so that in replantation here we will go elsewhere to find good synovial tissue and we usually go to the
dorsal of the foot. And we take tissue from the dorsal of the foot which is synovial lined and transfer
it because we know such transfer, such grafts will live as synovial tissue from the experimental work
performed in Sweden.

And post-operatively, we will start immediate controlled motion. And we will do this not only
in the simple laceration of a flexor tendon but we will do this also in replantation. And this is the last
mention that I will make of Marko Godina because it was in his department that I first saw a patient
one day after replantation through the wrist walking in the ward with no dressings and undertaking
physical therapy on the first day after replantation. Immediate motion of all those repaired structures
s0 as to avoid the inevitable adhesion and loss of motion that would result from scarring that was not
controlled. See, immediate controlled motion has been shown with respect to flexor tendons to reduce
adhesions ; by your other guest, Dr. Gelberman, to increase the strength and excursion of flexor
tendon repairs, and by Lundborg to increase the synovial fluid uptake and therefore the nutrition of
that repaired tendon.

And then, in any well organized system it is not the surgeon who determines the outcome for the
patient. The outcome is determined by all of those people who help us so much in the work that we
do. The nurses, and we are very fortunate in LouisVille that for the last eight years we have had our
own hand surgery ward, and the nurses know more about the care of hands after injury than any
fellow and probably any staff, including myself. And they are skilled in monitoring free tissue
transfer by PPG, replantation and toe transfer by temperature control. They are skilled in mobilizing
these badly injured extremities. They maintain a high morale in our patients and this is so valuable
in encouraging the patient to take an active part in the recovery from this massive hand injury which
will go on to therapy and then to a careful program of evaluation of the job that he did previously.
By evaluating the job that he did previously, we know how to train that patient specifically to return
to that job or we know by our assessment of his injury if he will never return to the job, because if
he won'’t return to that job, the sooner he has an education to do a different job, the better it will be
for the patient and for society.
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Kinesiological Studies of the Hand

Dr. B. Jonsson (Sweden)

During the past few years, | have dealt more with the shoulders, neck and forearm, rather than
the hand. But I believe, as an anatomist, that the forearm and hand is one functional unit, so I hope
you will not be disappointed if I end my speech with a discussion about forearm muscle functions
during work. .

One subject that we have been dealing with a lot is epimyology of disorders of muscular overload,
and I will speak a little about that at the beginning. Let me start by asking both you and myself how
we look at the human being ? 1 think that, depending on our specialty, we regard the human body in
different ways. 1 think Swedish hand surgeons concentrate almost exclusively on the hand and
forearm, and orthopedic surgeons on the back and lower extremities. That is Sweden today, I would
say.

In Sweden, all occupational accidents and occupational diseases are reported to the Swedish
National Board of Occupational Safety and Health. We have a special ISA (Information System for
Occupational Accidents), which is a good basis for epimyological studies ; at least as a start for our
epimyological studies. Each year, more than 100,000 accidents and diseases, caused by occupational
health factors, are reported. If this had been Japan, I think this figure would greatly exceed
100,000,000, provided you have the same ratio of occupational accidents and diseases. Accidents are
much more common since only about 15 % of reports deal with occupational diseases. Every year,
about 30 out of 1,000 workers report an occupational accident or disease.

Looking at accidents, the most commonly injured body region during work in Sweden is the hand.
One-third of all accidents affect the hand or fingers. So, to the right, you see the figure of a man from
the viewpoint of the occupational traumatologist. Hands are very important in this situation. But
most of these hand disorders, or hand injuries, are traumatic in origin.

Twenty-six accidents per 1,000 workers are reported every year. A very small fraction is caused
by muscular-skeletal overload, or what is called ergonomic injuries. When we speak about ergonomic
injuries among these accidents, then the back is the dominating body region. Muscular-skeletal
overload will cause very acute pain or trauma. The hand is not very important in this situation. On
the other hand, if we look at a small fraction of occupational diseases —— we expend a lot of our
medical efforts in this area —— then ergonomic injuries are about half the number of occupational
diseases. The rest are planecomeosis, asbestosis, eczema —— mainly eczema in the hands, by the way
—— and other similar occupational disorders.

But the major occupational health problem in Sweden, when we speak about disorders, is
ergonomic disorders caused by muscular-skeletal overstrain or overloading. But if we look at the
different body regions, shoulder and neck problems dominate. I know you have the same picture in
Japan. The main problem for an ergonomist in Sweden is the shoulder and neck. The hand and wrist
account for about 15 % of these disorders, such as carpal tunnel syndrome, synalitis and tendinitis.
Through my studies as an ergonomist, I believe the shoulders and neck are very important, the lower
back is becoming less and less important, and the lower extremities are not, in this respect, very
important. The hands, of course , are important with respect to accidents. In summary, out of 1,000
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workers, nine hand and wrist accidents and 0.6 occupational diseases in hand and wrist are reported
in Sweden each year.

Another subject 1 dealt with to a very large extent some years ago was work gloves. Workers
are supposed to use work gloves to protect themselves against trauma and chemical risk factors. But
actually, work gloves present a great risk factor in Sweden, and I think they do here, too.

To give one example of a typical hand or forearm injury, a worker was grinding or polishing a
rotating object, when suddenly one of his work gloves was caught by this object. The hand was
dragged to the rotating object and, as a result, the worker sustained a severe fracture of the forearm.
Fortunately, the work glove tore apart before an even worse accident could have occurred. We have
very many different accidents where protective clothing, including work gloves, are caught by drills,
rotating axes, transmission axes, and so on, resulting in serious injuries.

Why do we have this situation? Two reasons are that most gloves are too big and they are not
made for normal hands. When the gloves are in use, there is an excess of material on the palmar
aspect of the hand. This excess material is easily caught by moving objects, such as drills and
transmission axes, causing severe accidents. The reason why gloves are too large is that normally
—— at least in Sweden —— they are supplied only in one size, the size for a big man. But we have
lots of women, lots of small men. For them, the gloves are much. too big.

I filled a number of ordinary work gloves with plaster to determine what type of hand the gloves
were made for. This is the common picture in most cases. Work gloves are made for hands with
straight fingers. When the fingers are bent, an excess of material gathers on the palmar or volar
aspect of the fingers and hand, and the material stretches on the dorsal aspect. This means that the
gloves will feel heavy when they are being used.

Gloves should be made for flexed fingers, with more material on the dorsal side rather than on
the palmar aspect. You can work functionally with this type of glove. Sometimes, work gloves seem
to be made for monkeys with the thumb parallel to the other four fingers. This is a very common type
of rubber glove used throughout industry. These are divers’ gloves and it is not hard to understand
why it is difficult to work under water. I can’t recognize the shape of a hand from this.

In regards to work gloves, three demands should be made of industry :

1. They should be designed for the functional position of the hand, for flexed fingers, because this
is the normal way of using the hand.

2. They should be supplied in different sizes. No one should be forced to work with gloves that
are too large merely because there is only one size of glove, one designed for a large male.

3. Gloves intended for protection against chemical substances should be changed frequently. It
is common to find work gloves that have been turned black by chemical agents. They have been
saturated by the agent they are supposed to protect the worker from. I think that working with this
type of saturated work glove is more dangerous for the worker than if he were to use his hare bands.
The worker should change his gloves three, four or five times a day if he is working with chemicals.
Very often you find work gloves, like the one pictured here, that have been used for months and
repaired many times. That one should have been thrown away months ago.

While we were testing work gloves, we tried to design a test program for hand functions. Here,
it says a test program for grip function ; I would rather call it a test program for hand function. We
used it to test a few gloves. We used it to test the effect of treatment of rheumatoid arthritis as well
as the function of hands injured by vibration.

We have, in this test battery, four tests of muscular force. One tests the power grip —— that’s
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the left one. The second tested the force required when rotating an object held in the power grip. For
this we used the handle of a screwdriver. The third tested the key, or letter, grip, which is often
included when we test hand functions. Number four, perhaps not so important, tests the force in finger
abduction using the equipment on the right.

To test the motor function of the hand, we used two different tests. One is called the bolt-and-nut
test. The subject unscrews two nuts, removes the bolt, changes the position of the bolt and screws
the nuts back on again. We measure the time it takes the subject to complete the task on two bolts.
We supply the bolts and nuts in different sizes. The second test is picking up small bolts. The subject
picks up bolts one by one from a bowl and puts them into a box. There are five bolts ranging in size
from 3 mm to 20 mm. We measure the time it takes for the subject to perform the task with bolts of
one size. Then we tested tactile discrimination. We have two barbells like these with objects of
different shapes and sizes attached. The subject has to identify the shape without seeing the object.
It is a simple test, but it works nicely for us.

For some time, we have used this test battery to test defective work gloves. We used a very
common, soft material glove ; one of the most common protective gloves used in industrial work in

Sweden —— this one comes from Taiwan, I think —— and a glove of our own design with flexed
fingers. I must apologize for the Swedish text in figures. You may have some problems with my
English. The Swedish is probably even worse but what it tells you —— to the left —— is the time it

takes to move five small bolts of different sizes. And this shaded area is the result obtained by the
bare hand. The other curves are the results obtained with the gloves. This one, which gives the best
result, similar to the bare hand, is the anatomical work glove. With the commonly used type, the
results are especially bad with the small sizes, which is natural.

On the other hand —— over here to the right —— we tested tactile discrimination, the ability to
identify the shape of an object. The best glove for this was the thinnest one, not the anatomically
designed one. The most important factor for identifying an object was the thickness of the material
of the glove.

In summary, precision is lost when work gloves are used. When compared to the bare hand, work
gloves are a distinct disadvantage. If gloves are used, they should be anatomically designed. That
is a demand we should make.

I would like to give a brief overview of the work of one of my colleagues in which she
distinguished between eight different work grip patterns of the hand. You are familiar, I hope, with
the work of Napier many years ago when he divided the many different possible grips into two main
types: the precision grip and the power grip.

What is important from the anatomical point of view when using the power grip is the position
of the hand and the size. Unfortunately, many ergonomists do not realize that the position of the wrist
is extremely important. The strongest grip possible is with the hand dorsiflexed 30~40 degrees. That
may be reduced to one-fourth during palmar flexion. It will also be reduced when making a greater
dorsiflexion. It is very important to design the work place in such a way that the hand can be used
functionally. Before sending patients back to work after treatment, you should also try to “treat” the
work place if it is not designed for the worker’s hand.

Another important factor is the width or thickness of the object to be handled. In relation to
Swedish hands, 30 mm seems to be the optimal size. It is possible to make drills and other work tools
much smaller. Very often I find that workers increase the thickness of tools by using tape. 1f the tool
is smaller than 30 mm, a lot of force is lost and the worker must apply a relatively higher force level.
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[f the diameter is too large, force is lost through natural reasons.

My colleague Lena Sperling in G6teborg has been investigating normal work patterns with the
hand using eight different grip patterns as a standard :

1. The transversal volar grip, which, as you know, is not transversal because the grip axis is
inclined about 70 degrees to the long axis of the forearm.

2. The diagonal volar grip. This is used when handling an object in the power grip and in the
direction of the forearm.

3. The spherical volar grip. The fingers fail to reach beyond half the circumference of the ball
and must hold the object by friction.

4. The finger-tip grip.

5. The chuck grip or three-finger grip.

6. The five-finger grip.

7. The important lateral grip or key grip.

8. The extension grip.

By subdividing the grips into these eight functional patterns, she could describe most work
activities in daily life.

I now come to electromyography and to muscle physiology. Some years ago, a colleague and |
decided to test muscular fatigue and recovery from that fatigue. This is an important factor in
occupational health. This experiment was a follows:

Using a power grip, the subject had to maintain 50 % of the maximum as long as possible. The
period of time he could sustain the same force of contraction was measured. We called this measured
endurance time. He was then allowed to rest for periods varying from five seconds to almost one
hour. After each rest period, he was asked to do the test once more. Each time we took measure-
ments. When we obtained the same endurance time for consecutive tests we had 100 % recovery.
When there was a difference, we could calculate the recovery as a percentage of the original value.
That was our way of calculating recovery from muscular fatigue.

We measured electromyographic activity from some forearm muscles and the two typical
muscular reactions to fatigue : a decrease in the mean power frequency and a decrease during tests
of the spectrum of the frequency. At the same time, there is an increase in the signal amplitude, as
you can see here. Both of these things happen at the same time. If the subject recovered completely,
then for the next test we start here again and here. But if recovery had not been fully achieved, we
began at a lower frequency and a higher amplitude. So, by these tests, we could also measure the
electromyographic recovery.

What did we find? Well, we found that electromyographic recovery occurred within a few
minutes. The same with other muscles. Within two or three minutes, we had complete recovery.

Actually we also had an overshooting with respect to mean power frequency —— that is a spectral
analysis —— and with respect to amplitude. Two or three minutes, that is all that was needed for
recovery.

On the other hand, when we measured the endurance time, it took about one hour. A much longer
time. So, in summary, the recovery of muscular endurance is a very slow process because we don't
have recovery until we have regained the energy sources within the muscle and that takes time. The
recovery of the electromyographic changes, and also, as we know from other experiments, the
recovery of the maximal voluntary force of contraction, takes only two of three minutes because that
is all it requires for the lactic acid to leave the muscle.
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From my point of view as a physiologist, that was the important part of the study. What is more
important from your point of view, also from mine since 1 have a very strong interest in lateral
epicondylitis, is that we studied three muscles : one flexor, the flexor digitorum superficialis, and two
extensors, the extensor carpi radialis longus and the extensor digitorum. The fatigue reaction
measured by electromyography was the same in all three muscles. The same type of fatigue, both in
flexors and extensors of the forearm, was noted during the power grip. That is a very important
factor. The reason is simple. When flexors are in use, they will, of course, create a flexion of the
fingers, while at the same time cause a flexion of the wrist joint. These muscles need to be active to
keep the wrist joint in position. And the contraction is almost as strong in the extensors as in the
flexors when the power grip is made forcefully.

In Sweden, it is very commonly believed that lateral epicondylitis may be caused by muscular
overstrain, but only at the time of wrist extension or supination of the forearm. 1 also believe that
sustained power grips will be an etiological factor to lateral epicondylitis because it also leads, as this
experiment showed, to muscular skeletal overstrain or overloading of the extensor muscles : extensor
carpi radialis longus and extensor carpi radialis brevis. I think, therefore, that this is the important
result from the hand surgeon’s point of view.

In the summary, 1 promised to say something about forearm muscle function during different
muscle tasks. We have carried out lots of studies on shoulder muscles, back muscles, and forearm
muscles in many different occupations. 1 will select one example of the way my colleagues and I work
in the laboratory : electromyographic studies when operating logging machines.

What we studied was a forest harvester, a big machine used in the forest to cut down trees. The
arm here will grip the tree, cut it down and then debranch it —— remove the branches —— and finally
cut the tree into logs of sufficient length. And this is the result when the forest harvester has left. I
don’t think you have many of these machines here because your mountains do not allow them to work
efficiently. This type of machine can be used in our forests because the terrain is usually flat.

The other type of machine that we investigated was a forwarder. The forwarder takes the logs
to the place where they are then transported by trucks. There are four ways for the forwarder to
work : to drive it without a load, load it with logs, drive it to the stand or the road, and to load the
logs on trucks.

Both types of machines are operated by joy sticks, which can be moved forward, backward and
sideways. They are placed just in front of an armrest. The ergonomic design of these joy sticks is
such that the worker cannot rest his arm on the armrest. The problems these workers experience in
the forest are not connected with the back any more. The main problems are neck and shoulder pains.

We designed new and smaller joy sticks and we also redesigned the armrests. Furthermore, we
gave the drivers ergonomic training. Then we carried out field studies on the machine before and
after modifying it. And we really went into the deep forest for the experiment. We examined a
number of muscles on both the right and left sides, some muscles in the shoulder region, some in the
forearm. What we were interested in were the manual muscles.

Here you can see our laboratory, transported deep into the forest, and to the right you can see
our power station. Of course, we could not get any electricity in the forest ; we had to provide it
ourselves. The next slide will show the inside of our field laboratory and field kitchen.

Some of you who have been dealing with electromyography will know about amplitude,
probability distribution, analysis of myolytic signals. Briefly, for those of you not familiar with that
technique, what we do is analyze how different amplitudes are distributed in the electromyographic
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signals over a 20- to 30-minute work period. We obtain different types of curves for different types
of work : static load, work with high peak loads and so on. They will give curves of different shapes.
[ will not go into any more details. Just one more thing. As you can see to the right, when these
curves go to the right, it means the muscular load has increased. When the upper part goes to the
right, the peak load has increased and when the lower part goes to the right, the static load component
has increased.

Now the results:

From the shoulder, the trapezius, we found more activity during driving than during loading and
unloading, regardless whether the forwarder had been modified or not. What we had done was change
the situation for the arm and the hand with the modified joy stick. The hand was allowed to rest. But
these results concern the shoulder, the trapezius muscle. We found a marked lowering of the
muscular load when the subjects used the modified forwarder. So the effect was in the shoulder. In
the forearm muscles, there was almost no change at all. We changed from big joy sticks to small ones
but there was very little change in muscular force or muscular load in the forearm.

The solid line both here and in the previous picture is the result obtained before the change, and
the dotted line represents results obtained after modification of the controls. The next slide shows
the same thing, but in the form of a table. The negative figures mean a decrease in muscular load ;
positive figures mean an increase. The figures are the percentage of maximal voluntary force of
contraction. There is a decrease in the shoulder region and no change in the forearm in this situation.

We can discuss this and other situations, but I have no answer as to why we have this change.
I think that a major reason for the change in muscle activity could have been the modified controls.
But even more important may be the modified armrest. Of course, it was important that we gave the
subjects ergonomic training. That could also have had a positive effect. And, finally, there could have
been some minor differences in the terrain, in the work they actually performed.

This speech was a very brief description of the work my colleagues and [ have been involved in
with respect to ergonomics and the function of the hand. Thank you for your attention.
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