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Techniques of Microvascular Anastomoses, Thrombosis and
its Prevention/Treatments

Susumu Tamai
Department of Orthopedic Surgery, Nara Medical University

The author’s microsurgical techniques of vascular end-to-end, end-to-side anastomoses and
autogenous vein graft are briefly described.
The key points for successful anastomosis are as follows:
Application of operating microscope, fine micro-instruments, and adequate suture materials.
Application of atraumatic handling of vascular wall, especially intima.
Adequate and minimum adventitectomy.
Frequent intraluminal irrigation with diluted heparin.
Application of eccentric stay sutures.
Wall-to-wall coaptation in artery and intima-to-intima in vein.
Interrupted square knots with accurate bites.
Relatively few stitches, with relatively loose knots.

LN e oW

Avoid vascular kinking, especially in vein.
10.  Avoid too much or too less tension.

Thrombosis at the anastomosis is unavoidable, when it was made with sutures. The anastomotic
maneuver itself causes more or less damages on the vascular intima and adhesions of platelets
followed by aggregation. With activation of the endogenous and exogenous coagulation systems, the
formed fibrin covers the aggregated platelets. White thrombi may mainly occur in artery and red
thrombi in vein. Some of thrombi may be solved by the activation of fibrinolytic system and some
develop to mixed thrombi which obstruct the vascular lumen completely. The smaller the vessels,
the faster and relatively larger the thrombi.

To prevent thrombus formation and obtain patent anastomoses, we must use several kinds of
antithrombotic agents prior to re-establishment of circulation following the completed anastomosis.
Because of hemorrhagic side effect, systemic heparinization is less frequently used in recent years,
but urokinase of 240,000 U/day and prostaglandin E, of 120-160 xg/day or lipo~PGE, of 10~20 ug/
day for 7 to 10 days are preferably prescribed.

In the daily applications of several free composite tissue transplantations, we sometimes face the
ischemia-induced no-reflow phenomenon and reperfusion tissue injury by oxygen free-radicals, which
are quite difficult conditions to overcome and generally the graft may fail. These conditions should
be investigated more precisely in the future.

Key words: microsurgery, microvascular anastomosis, thrombosis, vascular intima, antithrombotic agents
Address for reprints: Susumu Tamai, M. D., Department of Orthopedic Surgery, Nara Medical University,
Kashihara, Nara 634, Japan.
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Treatment of Vascular Injury in Limbs

Tsuneji Murakami

Department of Orthopaedic Surgery Hiroshima University School of Medicine

Time factor is very important for the injury of blood vessel. Particularly in fresh arterial

traumas, immediate hemostasis and early recovery of circulation by reconstructive surgery is

indispensable for survival of the patient and recovery of limb function. Although diagnosis is easy
by palpation of pulse, skin observation and other means in many cases, it is often difficult to make
a diagnosis when the damage is due to a blunt trauma. If a clinical finding strongly suggests the
injury of artery, surgery must be performed without delay to confirm the presence or absence of
damage of artery by directly exposing the blood vessel. It is said that circulation must be recovered
within 6 to 8 hours after the accident in the case of arterial damage ; the stronger the symptoms by
ischemia, the earlier the reconstruction for the blood circulation must be important.

Some interesting cases are presented, with special mention of basic surgical techniques and keys

to successful surgery.
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Acute injury
1. Incomplete injury
1) Spasm
2) Contusion
3) Thrombosis
2. Complete injury
1) Perforation, Penetration
2)  Rupture, Laceration
Chronic injury
1) Traumatic aneurysm
2) Traumatic arterio-venous fistula

Fig. 1 Classification for the injury of artery
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W, MEDBEEMEFER L2 61, ZOis
SHiEE L URBICABEL, BERIBUEERCES

Fig. 2-a 56-year-old female sustained avulsion

injury of the rt-wrist.
Right upper extremity showed circula-

tion disturbance.

Fig. 2-b Axillar artery was exposed and throm-
bosis formation was found. (arrow)

Fig. 2-¢ Longiudinal section of axillar artery.
Intima was lacerated and detached from
the wall of vessel

TE5, MECHTEENSTHSTHNE, MEBEMHT
I oshadbokh, BEBUEREL LD T A
Btk H 2, DAEOBRIEE DV Tid Btk b
EEALIE T, BITHH 2SI I 2B,
BELTBL, MESTHEHBEn-7 VYo
$HT, » Bv>id double microclamp % » T 72D 5 1k
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Fig. 4-a,b 3-year-old boy sustained wringer
injury on the right wrist.
Veins in the subcutaneous tissue were
lacerated and right hand shows remark-
able swelling.

Fig. 3-a 17-year-old boy complained of pain and
swelling of the right thumb. (arrow)

Fig. 3-b The digital artery and nerve were dis-
sected.

Aneurysm formation was found on the
digital artery. (arrow)
Fig. 3-¢c Resected aneurysm.

MO H A FER S TIMERIRS» S OHIRELSBRE T
3, MEOREZESHBLTHE, X—A%EBEODVTH
ZFMANREMEYB WL ESEFLL, Tk
AZRImMmUTOMERE TR INSELBEEEZ
505,

1 ImRREE

BETHIMEOREICHE0.5~lcm { 51D T A ‘ ;
Yok (bbb TLAEREEEL TE->TWV5) Fig. 4-¢,d Vascular clamps were placed on the
PWE, BET5MEDDES & OFIBE AR T lacerated veins and anastomosis of veins

were done.
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Replantation of Digits and Extremities

Mitsuo Yoshimura
Department of Orthopedic Surgery, Fukui Medical School

Replantation surgery for severed limbs and digits had been rather popular and the survival rate
for replantation has improved to about 90%. The indication of operation, replantation technique,
postoperative management and complications were discussed.

The procedure is carried out in the following approximation of the bone sequence: tendons,
nerves, arteries, veins, and finally closure of skin. Bone shortening is required to allow apposition of
soft tissues. The extensor tendons are jointed with 4-0 nylon mattress sutures. The flexor tendons
is completed by intratendinous 4-0 roop nylon suture. Both digital nerves are repaired by epineurial
method using 10-0 nylon suture.

The vessels are trimmed of their damaged ends. Interrupted sutures are sufficient for the
anastomosis. The two arteries are repaired, if possible, to improve the chance of survival. Two or
three dorsal veins are anastomosed. If a vessel dificiency exists a vein graft or cutaneous vein graft
from the volar aspect of the wrist or the dorsum of the foot is inserted. Cutaneous vein graft is
applied to the replantation of amputated digits to allow vein and skin grafts to be performed
simultaneously. The dorsal and volar skin is closed loosely, without tension, to avoid compressing
the vein.

Administration of heparin and lowmolecular-weight dextran is commenced during surgery and
continued for three days to one week. Skin color, phletismographic findings and skin temperature
at the finger tip are monitored to check the state of circulation. Even if the least circulatory
disturbance develops, a second operation should be performed as soon as possible rather than
reverting to such conservative measures as milking.

Replantation of an amputated major limb should be attempted whenever it is feasible. Many
anastomoses of vessels should be undertaken for successful revascularization. Replantation of
injured upper extremity is achieved more successfully by end-to-end anastomosis of vessels by
shortening of the bone than by vein graft. Too much shortening of the bone (over 10 cm) is a relative
contraindication of lower limb replantation. In replantation of the major limbs, motor function
tended to be poor because of crushing or insufficient reinnervation into the muscles.
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Key words: replantation, hand surgery, microsurgery
Address for reprints: Mitsuo Yoshimura, M.D., Department of Orthopedic Surgery, Fukui Medical School,
Shimoaizuki, Matsuoka, Fukui 910-11, Japan.
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Free Tissue Transfers from the Foot to the Hand

Kazuteru Doi
Department of Orthopaedic Surgery, Yamaguchi University School of Medicine

The foot represests a veritable storehouse of spare parts which can be transferred for specific and
sophisticated reconstrctive needs throughout the body. The foot supplies many composite grafts, for
example, toe, skin flaps, toe joints, nail, tendons and so on. These grafts are nouirished from the
dorsalis pedis arterial system. The second toe or the wrap-around flap with the nail from the great
toe offer the replica of missing thumbs and their hemipulps with or without nails, and provide unique
innervated glabrous skin for digital reconstruction. Toe joints, tendons, nerves and nails with the
skin flaps can be transferred, keeping their vascularity by vascular anastomoses, when required.
Since there are troublesome delayed wound healing and scar contracture, these skin flaps may not be
used for simple closure of skin defect of the upper extremity. These grafts are best suited for thumb
reconstruction, sensory restoration of finger tips and composite tissue grafts.
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Free Tissue Transfer From The Foot

/

TYoe transfer

DORSALIS PEDIS FLApP

FIRST WEB FLAP

Fig. 1 Variations of free composite graft from
the foot to the hand.
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Fig. 2 Thumb reconstruction with toe transfer.

Fig. 3 Thumb reconstruction with wrap-around flap transfer. A : preoperative appearance, B: A wrap-around
flap just after harvesting from the foot, C: 6 months postoperatively.

Fig. 4 Sensory reconstruction of the index finger tip with hemipulp transfer. A : preoperative appearance, B:
Hemipulp flap just after harvesting. C: 5 years postoperatively.



EH b FADEMBIE 997

Hemipulp-flap % ' H KFH#iC & 218 OMEE
B EHFOMEZ I short pedicle & L, WEELEZ
REETO> LB RA Y NTH B,

F+—&HED AL

S & B A ORI 3 BIVE IR ot BRI
B, RIS, MHRERL CORMEHELRZI LY
TLOT, FERYET S, HAREREDO KM KEOR
BRAEE AR D777 g ETIREAEXT-CH
&, BIFAPZFHEBSIIEE L T & BIET 2Rz H
EREE TRASHL 7o A EHRES i vs, WRAP E#
FE O F R RBOMEIR & QBRI TNE T,
BEEXEFAESBREEKC L DHAEHET 2, B 12
MOEM RIS 2 L MEOBEMERRALZ D
T, TEREIOHOREERIL 0> & S WEET
3, BEMORMBEEECLD, LHs G REE
4 U % 5z Fid, peroneal flap 7z EOWEEE H T
Wl ANHEETH S,

MEOBHE

EEBITH AR EABRITHRO%K, NEOFHE
BETI CEDBHIZDLTERBEODZ LI A
B, BEELOBRBTHE, SHOERFTIMEHBTL .
By, BEEOMERE E S, £/, EHM

paraesthesia OEEFET 2HEAREIN L2 v rD
FlamsEdonTin b,
HEOBHE L L THMEEHOREIC L 2BES
BHROEBO T L UEEOLS L REHMEOER
BOBINEOHEBFCHI TIToTw 5,

o 8y E e

TA 7A=Y ) —DEE, TRICLD, LD
FLOELRBEAESHRESN, 31, S0HEHERK
FLEARANLSHCBOTE, B 5EADHEH
B ARTIE &, Z D@L %<, 2, Fr—
ORBREEE T, TOFGEUTOIECES
NnT<3, 7, BIEFEPRLRVELTHY, K
WT, EBRRLEBAOHEBE TN D, BIEH
2% v, BE, N, B, M2 C0ESER
BHELEHNORET CRAVO NS, Bh 3 ER/KIE
ORBCHLEPEBRAOBEIGEIRVETZ 5,

X 3

1) EHHE D BEARBEOES, 7. MERHESS
FEGT, ®E - 4, 30 1187-1203, 1987,

2) A8 ERERBEC & 2 BIEREE. BRAR
Mook, 48 : 167-182, 1987

— 15 —



HF25% (J. Jpn. Soc. Surg. Hand), 6% 265 998-1005, 1990

B PR ABART
— B R OB BB & i —

eSS 2
~ | OB A

Free Muscle Transplantation
—Reconstruction of Delayed Cases in Brachial Plexus Injury—

Yoshihisa Akasaka

Department of Orthopaedic Surgery Tokyo Seamen’s Insurance Hospital

Functioning free muscle transplants for the extremities are technically feasible based on the use
of microvascular anastomosis and nerve repair. Free muscle transplantation should be considered if
there is muscle loss as a result of direct trauma to the forearm or in delayed cases of nerve palsy
where simpler techniques like tendon transfer are unavailable. This article introduces the operative
technique of free muscle transplantation as used in the surgical treatment of delayed cases of
complete brachial plexus palsy.

As the muscle for grafting, we use the rectus femoris or the gracilis with its overlying skin flap.
Since the nerves of the affected arm were all paralyzed and could not be used, two intercostal nerves
were chosen as the motor nerves. Neurovascular anastomoses are carried out under the surgical
microscope, beginning with the artery and following with the vein. Technically perfect anastomoses
are vitally important.

The nerve repair is one of the most decisive factors of the procedure in determining muscle
function. The two intercostal nerves are sutured directly to the motor nerve of the transplanted
muscle with precise apposition, without tension, and without the use of a nerve graft. The anas-
tomosis should be placed as close as possible to the neuromuscular junction. The muscle must be
positioned at an optimum tension, so as to make use of the most beneficial portion of its length-
tension curve. Careful skin closure must then be carried out using the overlying skin flap of the
transplanted muscle. Use of this flap not only reduces tension on the skin but also avoids pressure
on the anastomosed vessels.

All of the steps of the procedure are equally important, and failure to carry out any one of them
adequately can result in non functioning of the transplant.

The arm is splinted for about five weeks. When adequate contraction of the trannplasted muscle
is observed in concert with the respiratory rhythm, which may occur around six months after
operation, muscle contraction is voluntarily strengthened at the time of deep inspiration. When the
muscle contraction reaches M-3, maintenance of elbow bending and muscle strengthening are
emphasized. A year or two after operation, it is possible for a patient to gain voluntary and
continuous contraction of the transplanted muscle separate from the respiratory rhythm, and to hold
up a weight of two to four kilograms.

Success depends on precise operative technique and a vigorous program of postoperative
exercises.

Key words : free muscle transplantation, intercostal nerve crossing, brachial plexus injury
Address for reprints: Dr. Yoshihisa Akasaka, Dept. of Orthopaedic Surgery Tokyo Seamen’s Insurance Hospital
10-11 Takanawa 3-chome, Minato-ku, Tokyo 108 Japan
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Fig. 1 Schema of the method of elbow flexor
reconstruction by the combination of free
muscle transplantation with intercostal
nerve crossing.

Fig. 2 Schema of the method of the wrist exten-
sor reconstruction by the combination of
free muscle transplantation with intercos-
tal nerve crossing in addition to the recon-
struction of the elbow flexor by intercostal
nerve crossing.
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Table 1 OPERATIVE PROCEDURE of FREE MUS-
CLE TRANSPLANTATION

1. Preoperative Planning
2. Preparation of the Recipient Area
1) Origin of transplant muscle
Insertion of transplant muscle
2) Mobilization of artery and vein
3) Mobilization of motor nerve
Removal of Transplant Muscle
(neurovascularised musculocutaneous flap)
Free Muscle Transplantation
Fixation of the muscular origin
Vascular anastomosis
Nerve suture
Tendon adjustment
(tendon fixation)
5. Wound Closure
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Table 2 PREPARATION OF THE RECIPIENT AREA

ELBOW FLEXOR

WRIST EXTENSOR

Artery A, circumflexa humeri post.
(A. profunda brachii)

A, radialis

Vein V. cephalica
Vv, brachiales

V. cephalica antebrachii
Vv, radialis

5th, 6th intercostal nerve

1\N/[0to; 3rd, 4th interocostal nerve (3rd, 4th 1.C. N.

v

ar | ---Musculocutaneous n.)
Origin I Coracoid process Shaft of humerus

Insertion Tendo m. bicipitis

E.C.R.B.
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Fig. 3 The third and fourth intercostal nerves are
mobilized by meticulous dissection as long
as possible ; at that time the ribs are cut

temporarily.
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Fig. 4

The rectus femoris is removed together
with the overlying skin flap and the neur-
ovascular pedicle.
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Fig. 5 After the origin of the transplanted muscle

is attached, neurovascular anastomosis is
carried out under the surgical microscope.
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Fig. 7 A 2l-year-old man suffered total paralysis

of the left upper limb. He had surgery at
another hospital, where intercostal nerve
transfer and trapezius transfer were per-
formed. However, neither of these proce-
dures was effective, and he was referred to
us six years after the original injury, in
1979. We carried out free muscle trans-
plantation using the 5th and 6th intercostal
nerves to supply the transplant. Figures
show the patient 46 months postoper-
atively. The movement of the elbow joint
was from 20-80 degrees and muscle
strength was M-3 by manual muscle test-

ing.

Fig. 6 Free muscle transplantation for the wrist

extensor reconstruction. Four intercostal
nerves are prepared for the motor nerve of
the elbow flexor and wrist extensor.
Gracilis muscle is attached to the shaft of
the humerus in order to ensure end-to-end
anastomosis of the motor nerve of gracilis
with the intercostal nerves without the use
of a free nerve graft. Neurovascular anas-
tomosis is carried out under the surgical
microscope.

Fig. 8 A 23-year-old male patient suffered a frac-

ture of the left humerus, complete paraly-
sis on the left arm and rupture of the
subclavian artery. Ten months after the
accident, he was referred to us, and we
performed free muscle transplantation.
The photographs show the patient 26
months postoperatively. The range of
motion of the elbow joint was 25-135
degrees and he could suspend a weight of 4
kg from his forearm.
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Fig. 9 A 21-year-old male patient was injured in

a motorcycle accident, and suffered a com-
plete brachial plexus injury on the left
arm. He was referred to us three months
later, at which time there was no sign of
recovery from the level of C-5 to Th-1.
The brachial plexus was exposed five
months after the accident and it was found
that levels C-5 to C-8 were avulsed. Six
months after the accident, we performed
reconstruction of the wrist extensor by
free muscle transplantation, plus recon-
struction of the elbow flexor by intercostal
The obtained function
three years after the surgery are shown in
the photograph. With the attachment of

nerve crossing.

an opponens splint, he can pick up a 2~3
cm block.

Table 3 Postoperative course

Operation
| immobilzation
| shoulder : slight abduction
l elbow : 90° flexion

5 weeks

| limitation of elbow extension

! (arm sling)

8 weeks

J’ remove the flxion contracture of
the elbow joint

6 months
training of the muscle contraction
separate from the respiratory rhythm

ZBRELCE, Hof s L >Tw <,

4~6 1 BEE > THFER THRBEH W IUESED S
&, Audio-Visual Biofeedback Exercise #{Tv>, #f
Jil2la e 5 1B & O AR 21T 5. (3]
PEkza0ws it 1EnhD, 0% 2~3FI3E

TIESEDTREM D H 5 D TIEEFT B,

DIk, wREmRBRERT O FAFR 2R T & 728
REw B THEL S, WAIOBE 2 FMetE, ¢
R TIEMER FH, itk DIRTEVGBEEAIE T H 5,

WMEFNEEOFRRAFE LT, &%, S4HEY,
BHeEE L Endbron s, 40 F LU EDES TR
EEOZ@ysEy, MEEEGS, BEBMEEHEL 1R
L EOERBERL D> ER TEHHOEELE
U,

Mg amBE e LTk, MERS, wERs, BiE
BOBREREBDTONE, N5 TRTES
BET, YORT v 7ORBOBRENFBIC DN B,
MERGIHADEFLBOLDTH Y, HERS
HEBEs N HACREOBXESLZ I Y, SO
FEDIDIWB L TIRESRVBLDTH S,

FAREHOBEETHADOEEROEGESIL, ELA
EHMERSICHE(RER)OH > HEFTH - 7.

BHEHOREFEER, BEHFCHREOEESEI -
TH, HADOFRELSEY TR 2hRE BEETES
BH SN, iR, BIEEE R L TH IR L M
FBHOA SN HERIE, BEHEPEKET I LCL
D, BSEBORENE S NIERNNS S,

ZOFEM TREESHHRFCEEE R F o T B 7
&, MEHOBEIREIERICRYIT, JIEERLHEL
BB L DB END, FREER» S S
R BB SRS & Dk B,

V. & & &

1. R - MEWT & BREHABER I, Batag
~OF B AETH B,

2. AR, BIBMMEEERE, LS HROKES
HO, BEOBRBITWM CIIREFTROREMEL T VE
PRIEIL A DH B

3. AEORATICR, WMAITSCEBEEED, BiE
BRI, BREIZRY, BEERICEL 22 b D e R R

4, ERECIERS, 28T, BYLHRRE,
RS2 M ERBEERIS L & 03, BHEHORFEEE L
ATH5B.

X 7o

1) FIRFEA M MBI R T S MM
TR EEMBEABEOZR RS, 27
573-580, 1984,

2)  FRIGFEC A BERRERE R o0t T B M A A RRAE
DOREEL BIEAE Mook, 48 : 271-284, 1987,



S BB P RS AT 1005

3) AEHE . EEEFARAE MR, mITE, 1977,

4) HHEM . EFHHGRBER L 20RY. BEAR,
351 469-476, 1984,

5) lkuta, Y., et al: Long term follow up and evalua-
tion of free muscle graft in the upper extremity,
Hiroshima J. Medical Sciences, 33: 643, 1984.

6) Kubo, T, et al.: Free Muscle Transplantation in
Dogs by Microneurovascular Anastomoses. P.R. S,
57 : 495-501, 1976.

7) Manktelow, R. T.,: Free muscle transplantation
to provide active finger flexion, J. Hand Surg., 3:
416, 1978.

8) Manktelow, R. T, : Microsurgical composite tis-
sue transplantation, Serafin, D., Buncke, H. J., edi-
tors: St Louis, 1979. The CV Mosby Co.

9) Manktelow, R. T, et al: Functioning free muscle
transplantation, J. Hand Surg., 9A : 32, 1984.

10) Manktelow, R.T.: Functioning microsurgical
muscle transfer, Hand Clinics, 4 : 289, 1988.

11) O’Brien, B.Mc.,: Microvascular reconstructive
surgery, Edinburgh, 1977. Churchill Livingstone Inc.

12) Tamai, S., et al: Free muscle transplants in dogs
with microsurgical neurovascular anastomoses,
Plast. Reconstr. Surg., 46 219, 1970.

13)  Terzis, J.K,, et al: Recovery of function in free
muscle transplants using microneurovascular anas-
tomoses, J. Hand Surg., 3: 37, 1978.

14) Schenck, R. R.,: Rectus femoris muscle and com-
posite skin transplantation by microneurovascular
anastomoses for avulsion of forearm muscles: A
cases report, J. Hand Surg., 3: 60, 1978.




BF &5 (J. Jpn. Soc. Surg. Hand), 6% %65 1006-1010, 1990

v A rzaY—Y v Y —DOEAFE RO ERE

BURMAT RSB HE
RAR B’ —

Free Vascularized Bone Grafts in Surgery of the Upper Extremity

Koichi Okubo

Department of orthopaedic Surgery, Jikei university School of Medicine

Vascularized bone grafts, which are also called living bone grafts because of their being implant-
ed while retaining a circulatory connection through an attachment, are an excellent operative
procedure having many advantages over conventional bone grafts.

The clinical application of this operative procedure may be traced back to Taylor, who, in 1975,
first reported on the use of a vascularized fibula graft. Furthermore, the same author, in 1978,
described iliac vessels as a pedicle and subsequently, in 1979, those utilizing deep circumflex iliac
vessels as a pedicle. Since then, vascularized bone grafts have made a rapid progress and now find
their widespread use in pseudoarthrosis with bone defect, avascular necrosis of the femoral head and
congenital pseudoarthrosis of the tibia.

This operative procedure has lesser indications for use in the upper extremity than it does in the
lower. This is largely because pseudoarthrosis with traumatic bone defect is of less frequent
occurrence in the upper extremity and also because, in the case of pseudoarthrosis of the forearm
with a wide bone defect, one can reconstruct the forearm fairly satisfactorily by the use of one bone
forearm technique.

In this paper, after first giving a brief account of the history, advantages and indications of
vascularized bone grafts as well as of preoperative considerations, a detailed explanation was made
of how to take vascularized fibula and iliac bone grafts, precautions to be exercised in making a skin
flap, operative techniques required for the treatment of pseudoarthrosis with a wide bone defect of
the humerus or with bone defect of the elbow joint by this particular surgical procedure as well as
of basic operative manipulation entailed in vascularized fibula head transfer or so-called epiphysis
transfer.
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Surgical Technique of Vascularized Autogenous Whole Toe Joint Transfer

Takae Yoshizu
Niigata Hand Surgery Foundation

The PIP joint of the second toe is suitable as the donor to reconstruction for all poor functional
joints from the functional or aesthetic point of view. MTP joint must be used only for those cases
in which PIP joint does not fulfill the needs. One or two dorsal cutaneous veins are proximally
dissected with as long a pedicle as possible and distally up to the dorsal island skin flap which must
be preserved just over the PIP joint for the purpose of examination of circulatory condition and
replacement of scarred skin. After identification of metatarsal arteries at the first inter-digital space,
a dominant artery had better be distally dissected to save the operating time, because decision of a
dominant artery is very difficult preoperatively and a long arterial pedicle is not necessary. After
severance of the branching artery to the big toe, non dominant metatarsal artery and digital nerve
to the second toe, arterial dissection is performed up to DIP joint area, and this artery is cut off with
the accompaning digital nerve at this level. The lateral neuro-vascular bundle must be detached from
the PIP joint. PIP joint is osteotomized distally at the distal part of the middle phalanx or just at
the DIP joint and proximally at the middle or the more proximal site of the proximal phalanx after
extensor tendon is cut with the length that is sufficient to be sutured.

Thereafter, this flexor sheath is cut longitudinally and flexor digitorum brevis tendon is cut just
distal to the PIP joint. As to the recipient side, a destroyed joint must be completely removed
including remaining volar plate and lateral band must be preseved to preservation of function of DIP
joint, if possible.

The following improvement of the operative procedure can minimize these poor result in
extension :

1) Strengthening of the tension of the extensor tendon to be repaired.

2)

3) A four weeks immobilization with K-wire in extension.

4) Thansfer of the shorter donor joint. If a segment of the same size or slightly larger is taken
to replace this space, the joint would be naturally pushed into flexion by the tension of the
flexor muscle.

Finally, a good splinting program using a dynamic splint with limiting MP joint extension and
assisting IP extension is important.

Appropriate reconstruction of the preserved lateral band.

TORBEEDND1DLLT, ERUBE*AGLNEE
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Key words: joint transfer, microvascular surgery, tissue transfer, autogenous graft
Address for reprints: Takae Yoshizu, M. D,, Niigata Hand Surgery Foundation 1-18 Shinko-cho Niigata 950,
Japan
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Vibration-induced Reflex and its Clinical Applications

Ken Kodachi, et al.

Department of Plastic and Reconstructive Surgery, The Jikei University School of Medicine

There are two types of reflexes induced by vibration. In one of them, the receptors are the
This reflex is called the ‘tonic vibration reflex’ (TVR). In the other reflex, the
receptors are skin mechanoreceptors, and this reflex is called the 'vibration-induced flexion reflex’
(VFR). The TVR is considered to be a monosynaptic spinal reflex, while the VFR is considered to
travel via a reflex center involving a long loop. Diagnostic and therapeutic aspects of these two

muscle spindles.

reflexes have been discussed in a number of articles. Abnormalities are seen in the TVR in patients
with a variety of motor disorders, including cerebellar disease, spinal cord lesions and Parkinson’s
disease. In addition, the TVR has an effect upon motor performance in some patients with rigidity
and spasticity. The VFR is reduced in patients with peripheral neuropathy, including carpal tunnel
syndrome and cubital tunnel syndrome. Further, the VFR may have some usefulness as a tool for use

1015-1023, 1990

in rehabilitation after the repair of the finger flexor tendons and peripheral nerves.

F L »

FRE =TI &, RRMESOEEHSIE
Y, BESnHET L. I0BRERREIZHRRET
(stretch refiex) ORAEXTH Y, MEROREEIEZ
gk LTACHAShTWwa, ZRBITIHHED
D—FERTH Y, 1aREREE KO, 717 7
BEHHZEERLRLET IRy S 7ANERRE TS
3, —7, £ F OBRGBOBECREREEMZ 2 &,
ZOHOFSEHUEHHE Z 5, ZOMRITEFRMIRS
&t (tonic vibration reflex, LL'F TVR £8&d) &
WEiEAL, BREAS & BRI BREAEE T OO —IRIE R % 558
LRy S TIAMEBRHTHE LELONT
5. TOk, b OEPEO SR ICIREEE

Z5E, TOREABENOBEEMNEL S Z LHRE
N, ZORKIENOBBHNEERENTERHT
HY, HREMRESFLRBHSES (vibration-induced
flexion reflex, LAT VFR CBE§) LTREN T 5,
bibiid, TVR & VFR &3 2 DDIRENEZER X &
OESREBENBRR ODLTRILTER, Zhs2
DORFITONWT, BEFE TObADLNOERERI
DLTHNB b, TOERKREAL L THERERE
EOFIE L & CIERE~NOBAM L T OEKRERE
WKDWTIRARS,

il *

2F~BFIOEEREA0ELELUIR~8FD
FIREEGEC & 2R BHEREEE 0B eHRE

Key words : vibration reflex, skin mechanoreceptor, finger tip skin, muscle spindle, carpal tunnel syndrome
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L7, B EEEZINCRECE LRI LT
DOERDHBE 2ERY, 158137 0REETF 2 IELED
BRI HT, 1E5EaikERTHRERBHOHE LD K
Wi TR EMZ 5, IREFEOREE 1mm & L
T, BT 20 Hz~120 Hz O 8 Bk &£ 05 30 Hz
~80Hz D7 v ¥ AREEFFH 5, FGEEREIZ 20 #
&5, TEBER I TEREOIREIFE T ICER D T 28
FIVAF a—Y =S A ML A VS ERTF —
F -V I—F— T A, EEAK DO TIERRC
BIEBHOES LR LEHER TR L - (Fig. 1),
Cross-correlation % v, o > & AR ORI

FDS muscle

Data Data
Recorder Recorder

Fig. 1 Scheme of experimental arrangement.
Vibrator 1 is applied to the finger tip to
induce VFR, and vibrator 2 is applied to
the belly of the flexor digitorum superficia-
lis to induce TVR. Finger flexinon force is
measured by a pressure transducer. EMG
activity of the flexor digitorum
superficialis is recorded using a coaxial
needle electrode and a data recorder.

B RIERBOE—SNEES L OMMBEEE Y 7+
NF Oty — TR L 7.

® B OHE R

1. EHAQEERMRIIRS (TVR) & IBRIEDR
FERBE ST (VFR)

1)t M IEAREOIRBIHIEC L D FEHR e N D R

IR E T IRBIRIEB A N2 % &, HEBEHOE
WnEL, EEMRESEC 5 (Fig.2), Zhid, 18
GERFE N ORI R E R L REREHOBIC{EEED K
HESEKRINRTWE I EERT,

2) TVR & VTR o REIEMDHEIE

BRI OB % 30Hz » 5 80Hz D5 > ¥ 4

— 34

-

..J*/*\'J\\'\
\
Flexion force f\ \_,.. ! 10 gw

Fos e =

Pulse freq

Vibration

S5 sec

Fig. 2 Finger flexion reflex induced by finger tip
vibration.  Upper trace:finger flexion
force. Middle trace: EMG activity of the
flexor digitorum superficialis. Lower
trace: Pulse frequency of that activity.
Horizontal bar indicates the duration of
vibration. Abscissa : time; calibration
5s.  Ordinate: Force; calibration 10g.
Pulse frequency ; calibration 1 pulse per
200 ms.

BB e LT, IRERIB  RIEEHOE—HREES
& OAEBIRE R £ 84T L 7z (Fig. 3a). BT, TVR
DAL 7 2HEHECHEE NS, 1 2RIEEHIE
IOFEE LAY S S A%EN (Exitatory post-
synaptic potentiation) DNE W& L THHT 5
“locked spike” TH D, D 1 DG IRBIRIEERE L
T “unlocked spike” Th 2., HiEIXEDOWL
(mode) & L TiRrah, HEOFIPEIREF L LR
EnTwa, TVR B L THE, H#E 21 ms OB R
BIT, 72721 20 mode K2 T3, 10 FlOFE
¥Wa e 5k, BREHIZ 24.00+3.74 ms(mean+SD)
THYH mode DIFIX5.40+3.74ms TH5, —A,
VFRIZ B W CEBEOEN 1T tRIEER 30ms, 8
L U554 ms 2T 220 mode RSN T 508
BRan 5 (Fig.3b). 10FOFEYE L3 £, primary
mode 13 #{RHFMAE 31.30£4.32 ms, 18 6.30£1.34 ms
TH D, secondary mode id KB 50.40+3.24
ms, 1§ 12.103+£2.23ms TH %,
2. ELIBIREIF RS (VFR) DERRHEI
FIREEREIC L 2 RMMERERE DA B L
CHELEO VER 2@ L 72, EHEE 24, X84
T, EFE RIS L8FT, FHL3.0FTHS. F



IREVEE R4 & BRI A 1017

50

N L}ﬂvq:Jﬁﬁmﬂ

-30 0 30 60 80

(msec)

(N)
(b) 150

100

50
Jlr A

230 O 30 60 90

(msec)

Fig. 3a Cross-correlagram between unitary EMG
activity in the FDS muscle and random
vibration applied to the belly of the FDS
muscle. The mean number of spikes not
locked to the stimulus is shown by the
horizontal dashed line. One mode is seen
withe a time lag of 21 ms after a vibrato-
ry stimulation.

Fig. 3b Cross-correlogram between unitary EMG
activity in the FDS muscle and random
vibration applied to the finger tip. The
horizontal dashed line as described in
Fig. 3a Two modes are seen at 30 and 54
ms after a vibratory stimulus.

REFERE & 0 EhHE ST, b b, i,
PIE B & CRIBOBRANCHERENEFE T 2 EH %
KEU. ZECEET S, 26, AEREOEE
TAIETCORBBRFEORIAS A 50T, 10 flOFy %
Lhk, BEROEBEBIZERICEL T, RIET
29.4435.9%, 18T 32.6+27.5%, BIET419.2+
27.9%THH,318L LABEKRSKLUT THEEICHEI L
Twb, —7F, MEBEOEILL 2 \WIMEDOTEEET
IR 89.6+£58.4%TH D, &AL ORI HETZER
ICEEERTEO Mmoo (Fig 4),

Z =

L IREVRIBUC & DR S LB RET

1) FRMERBHRS (TVR)

HORE, BLURNOKLERERT 5 HREEFH
i3, IO —IER, ZTIRERE L URBED 38

¢-carpal tunnel syndrome

R (conteoty o~ e

| 10gw

] il 3 y Ssec

Fig. 4 VFR in a patient with carpal tunnel syn-
drome. R: right hand. L: left hand.
Upper trace: finger flexion force. Lower
bars: vibration. II: index finger, III: lo-
ng finger, IV: ring finger and V: little
finger. Note: finger flexion forces are
depressed in the intdex, long and ring
finger of the affected side.

W EN TV S, BEIENE &£ FITICIA T
BY, @ABOBRBCRET S, —REKIIEEEE
DOV TaRKOHHEOKERTHD, ZIRERILD
BLIRKOLESEOKRRTH S, BEERIENAHLE
BIALATED, FABOIHEILET S, BHoEER
FZEB/SREBFECRKICT 2 2 &3 1956 &, Granit
SR EDFSHTRENT:, FIDOBEFERVT,
D S OROLMEA VSV A RBEEAMEL -
Crowe 59 OREIC L 5 &, REMELCBRICIGE T
LDEHBHPO—RIEKRTH L., Dk, LB
W, BEEOREH 2R TOBRG SRS
WL D FRHEEMCIGET 2 Z e ¥Rah, TREMES

leec 62sec
!

o

Fig. 5 TVR of the muscle tibialis anterior.
Upper trace: EMG activity of the muscle
tibialis anterior. Middle trace : integrated
EMG activity. Lower trace: stretch po-
wer applied to the muscle. Lower bar
indicates vibratory stimulation. Note:
TVR is increased by muscle stretch (Hag-
barth et al., 1966).

K& (tonic vibrationreflex : TVR) ¢ F I Tw 53
(Fig. 5)'®, Eklund &% &, /JhEI®— ¥ —DEHCIR.(
DD & DRSNS ¥ L SRR OB E o AT
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BREERIC B T2 1 20 mode 73185 17z (Fig.
3a), ZOB¥fEE TVR AU < Bidpi 0 — Rk K% 2
BRETOIHFREAORGEME -T2, Lz
»5>7C, TVR O REHEREIL, MEERSERAL <, 1
a sROMEME R RO, 77 7EBHE TR LK
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2) AREWREBREHRS (VFR)
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Lo TWaH > ELHBT, oL LEBEL D LIEE
EEDLBFEDIDTHI® EEZLNAT WS, FO
ERIE T L BREMERE R, IRTE, RA (rapid-
ly adapting fiber), PC (pacinian corpuscle), SA I
(slowly adapting fiber 1) 8L U SA Il (slowly
adapting fiber II) D 4 BEICHEE N TWBER, 20
MEKBRE R, ThEh, Meissner /ME, Pacini /)M,
Merkel #f8 « #EE S8 & U Ruffini /METH D,
WINPT 2 2EBTHE LY
BIFL T, KEOBBZES (skin mechanorece-
ptor) EEEN T3P, Johansson &2 i3 #/ MR
B % TEERO LM OBROZBBOAMHIZ
WTRRHTL, 4FBL b, BRHMr b oL LB CEE
T5 IR R WO REOBBATERICH
RFIH 5 &, TOROEBBIEET 2 KEH8EL
5, IhoEEERE (flexionreflex) TH YD, BF
FE» R EES T SBEE2HFL T2 0 THEAR
5t (protective reflex) & I T3, ZOREHZ
By F 7AMOBMHRRE CER2Y, TORFSAH
WEBONE=2 -0 v 28735y 7AMRED
RFTH 5. Eklund &2 i3, & b QIEDETOZER LR
CIRBIRIE 02 2 &, ZOEAHEEND i+
U2 exmll, ZOBERIRBBIEEMZ 2 KH
OWEPBAMBEI L DELTE2I LY, REOE
FREEMIGFEET S, Lo, HthdsRES
35 TVR EIREHBEBELR D L ah, AREMN
IRENEEF ek K& (vibration-induced flexion reflex,
VFR) L FEENL T3 (Fig. 6), £z, VFRIZERID
BRAZEBENLLABHRKBFO 1 2THY, TOR
HEREEL T TANTHZ EELZ 5N T3, Endo
SIRETEOEREMCMZ 2 IRBAEOB K :
20Hz»5 140Hz 2 T THEEM I+ 58 ¢
LT VFR O B2 T L7z, 2 DRER, 60 He
DOIRBNFIBC TRADIBBEH B/ 5D, K
OBMEIZFER N T 2 IRENFIE O 58 B i #0113 60
Hz§i#T% 5 & L Tv>%, Homma, L. 57 {300k 4
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Coniral Lidocaine 30min 60min 120mn

Fig. 6 Effect of local anesthesia on VFR. Upper
traces : finger flexion force. Lower bars:
duration of vibration. The reflex is signifi-
cantly suppressed by local anesthesia (Ek-
lund et al., 1978).
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Fig. 7 Effect of forced respiration on VFR. Left:
during spontaneous breathing. Middle:
during forced expiration. Right: during
forced inspiration. Upper traces: finger
flexion force. Lower traces: respiratory
volume. Upward deflection shows inspira-
tion and lower deflection shows expira-
tion. Horizontal bars: duration of vibra-
tion. The reflex increases during forced
expiration and inspiration (Homma et al.,
1983).

BEONEM, S, Hikr VFR t0BfFICEB L.

VFR #3, 8HHERES & UBIHFKIC B8 TERY
BIEED, FORHERE EAIPRE EGERBLT
Wz EEL (Fig 7). btb iUl KON EE
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FnEeBiy, 220 mode »E S hi: (Fig. 3b).
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TVR OERICR E LT3, MEROREX L6 X
AR LCOIGHE, MEROBE LD Eud
B 6 Oa s TRIGERFTRETH - 1A% TVR %
AuTEe Lbd ks d ) EYT—vark
LTDIGAD 2 2035 5,

a) REERELTOTVR

Hagbarth &' i3, RMEEEZC L2 FHEBEK
BT TVR 2R/FE L 7z, FHERANC T Z O KA ST
LTwaZ &b, TVREZRAWS I L2 & D R
BEEOZMDTURETHL Z L 2RB L, £, de
Gail 59 3 BIEGEZ BT TVR 2f/lEL, 8
BEMUTFOL ALz BW» T TVR L LT3
T b &R LT, & 57, Hagbarth &' 3 HaE I HEE
EFER DO, EASCIREFIE 0L, FERD
T, ERGO TVR I & 5 REMEIUECL &
W, WEHOER TSR s> 07 (Fig.8), Zhix, BE
OEHHEO BRZMCERLREETH LT
%, Gilies 5" g A axAnAEBRC LD, EAIFHHE
WBWT TVR IO L TREMCEN T 2 HIR B £
NI B T 2RO EE #8472, A 30O
fEg D TVR % B B iz AR R % O & BN % BRI
BLT, REEOELEBREL .. AROTHRIFRZ,
FERERER, /N B & U RO SRAZ ORI & D K&
OIREMR A STz, —F, RGO N+ RE DRI
WA D REOMEIBA LI, #BHE, s DREE
BEIEE NI Z & LD, FIRMBERESDOEAFIZ
HEELTTVRABERICRLTHSL D ERRT 3,
%Mk, Burke 5 iZ Parkinson #§8 % ¥ & ¢f Hunti-
ngton |EFAFIZBWT TVR 2AIEL 7. REHF
oz £ b, Parkinson JEERE BV TIRIRE S,
Huntingten |FRBE B CIIBRHEERSFHFR
aheZe s, CheDRBORHRE & L TRE



1020

EXT

N 3T
—5A
.

A
1/ U

VIBR LIG PAT

3 s1C

Fig. 8 Patient with very mild signs of an upper
motor neurone lesion. The patient makes
a maximal effort to flex his knees (A the
right, B the left). The EMG traces are
from the quadriceps muscle (EXT) and
from the bicepssemitendinosus (FLX).
The resulting torques measured isometri-
cally (knee angle 90) are shown below the
EMG traces. Bar indicates vibration of
the patellar ligament. In the left limb there
was marked reduction of flexor power
during extensor vibration, a temporary
paresis which was easily felt by the exami-
ner (Hagbarth et al., 1968).
RSB TH B L ii T %, 2D & D12 1960 E
B 5 1970 ERFIFE LT T, FEOPHRBPEEE
BEWCBOT TVR OBRENTOI, [15E, REEE
Eoave—rEUAL, —MERRESEL L2 THA
PP rEZONDE TR, LHL, 20,
BREEBH BV TVROBRFIBRGIE CERT
B ridhdrod, ZORRBIREGRE Y -TR
ZEOFBIVEHNGEI S5 TH B D, Lichio
T, TVR &R F % 7003, HEE e L TRRET X
DLBENTLE IR ETHS, TVR LR L
LB L 72098 & L T3, Abbruzzese 5" DR H
5. o AMERE, B/ IC L 2 8%
HEEB L VNMENERERZ BT LR-EHO
TVR #8% L, BREOBHEVLSNEVEEDR
FHEZBWTL TVROWFEE A%, H5E TVR @
FETEARENC I E b, By 7AUERHRATH
395, TORESWCHT L PR, 5OE50EH
BVIFEROEVICLIZLDTHSLI LTS, &

i - At

DI eiE, PRMEREBEORRREEE LTI, B
Ket& D TVRODADNBMNTH2AEEMEERL T3
EEZ B, S5, Bk & CIRBIZERE L Endo 50
DBEFLOARXOLDOERE L2, Lizds-T, 2%,
SO EBESEREs NG, TVR B —BH9i ik
HHRELTERLTOL AR LR EEZ 2,

b) BFEEE LTo TVR

WX, RBIFIRORE & LT, {EBEFEOIESHI
(50 Hz LAT) w2 & 2 RABTERIMAERLOBA, $UE, #
BrErsHonTs ), MERECBT IERNLF
HO1 2 LTHS 0oL Twa, 20, 54
BORSHBIC LD TVRBEET LI EMTEND
&, HEEEORIEK, CORNESRT 5 LR
HoOND LD ot AIBOIT L, EHEELLT
@O TVR OICHAOFERI, MEROBEEIC LY Eiyd
oS TRIUETARE CH > FHA%E TVR %
AOTHREHBCIBEE LD L) LT 5:EFRETH
%, 2o, BE~ORBRIKC LD ZOEFGOM
EPELZCEBICAENT LS, TVR 2Bk
LT#Ho TEEIGAL 72013 Hagbarth ' TH 5.
o, MIMEREZ - MERC & 2 HEREr
BT TVR 2L Z0ER, V7 v 7 ALk
ETHRERO TVR BEHICEBL Tk, £ 25
#5, BEELE B & U D DR IRBIRIB 2 N2 B &,
TVRIZE D REHOBHREESHORMBE S .
Lind, ZORIIREFIEERLEL TH T SR
KEY, BOMREL, Lich->T, ZORSER
BREQEMBEEL L TERTHE L ELT. 01,
Hagbarth &' i3 FALEBFHEZEEE 75 Hlics v
TREEAR I IRBIRIM 2Nz « TVR 2FH L. 20
R, REFIHC XD EEFOFREESOEMS &
VTR B O ASE sz, Ly, REMG &
R OIEBIFRIMEE DR LIIZ 5 2 &0 & O BEsHE
HEU, EBEENROBERIEESEONE L LT
w3, g7, TVR BT 2 ENHBOMEER A3
Zri kD Parkinson &% S &L 5 REEEF OB
BLELTCGRATERDTHZWAERRT WS,
SO IMHERMBEICL AT T N — Y EREOMEEH O
WEIZ TVR #AV ., BEROBEESHTOHEN
RERERT S £, FHEOEGHORCERSY L
BoRBRSSRON, TASEEMOEERF - L
TEHTwEEEZ SN, ECBEHTHS LH
FRHORSNERTH -0, *OEHHTHS L
B=FEHCIRBRE NZ2, BEHI130Hz T1
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finger 2x1eaten

Fig. 9 EMG Activities of the biceps brachii,
triceps brachii, extensor digitorum com-
munis and flexor digitorum superficialis
during finger flexion and finger extension.
After the two weeks of vibration therapy
(right), activities of the antagonists and
the brachii were reduced (Yamanaka, 1971,
Japanese).

|54, 1H20%2@80ME07%, BRE, FROE
R L COEFSS LR _EHORITIEI L, M
BouE,IB NS (Fig.9). chid, TVRs
LREMBOMEEAD, FIEBIIROMBIFERL L
TERTHEIEETRLTWVS,

2) VFR OEKICHA

a) ®EFEELTO VFR

VFR 2 FEOMBFROFEE L L THIH THRAL
7:Di% Endo 5'0 ThH 5. 5, VFR i3 EF DM
HREREN LR TH LIz, ZEBEEDT,
FEROFEHELOREIL LD ZORFANELLT 3 &
Ez7, TIT, FREERES L ONNEERRELS
FORFPEUEHEBEDBRZE LB W TVFR2AIEL
7o, FREERBCBV T, HIEEEDEET R
58, FIEBLUBECEWVT, i, HEEEREC
BOTHEBIES L /MEKC BV T VER DR A S
Nz, Z0%k, AE? FFIEEACHEHESEREK
TFLURERIC BT, EESSCRSREEMZ T,
VER % @IE L7, ME*1T>TH 31D VFR i3EH
KEFIL T, IRIGEMSEEE OB TR
KEET2BBNZERSEBREIC S0, £,
BETHLEOTHA I LN T D, i, ABE®
EREENOBZECBVLWT VFRARIZEL: & 2 5,
EREFZ S5FIREBLIRFOTEFTD /2. B
FERETREAS»OEFICLD, ZORMSIIHT S
REFRSBLATY S, HE0IE, RKEMME OB
s nTw20THL I EBRTE, Ll
6, VFR OFHECRBAZENH D, L0 RKE
MERICRESZVIC LD ST, £ REHER
ENBVLERED VDL L wIRARH -, bhbh
BIOREEHE N, BREZER?L - LB

BT 2RO K MICIRBIRIB = Nz T VFR 28
KL, TOFEKID, EEACBLTIZIELE
T VFR OF&E»ageL 20, IEEEOEET 518
TOVFROBWH» L VAR ICEZEZ NS LI
o7 (Fig. 4), FORMBERDOFEE L L TQ,
2PD, m2PD, {REVEREL E—RNTHS. L
L, ShoDHMERBEIFEREOTBRICESILOT
Hb, Fl, MECEEREER COBREBRFHR
BHEIMESEOBERERTH D, ZFB/OBEES
TREFFMTE %, Lizd->T, VFRICL 2 HE%ROD
i, ZEBRLEEOLFRORBHEROBELE
BT MTE2 S TENRTHWE EEL15, WEET
DL Ib, MEROREZLLTDO VFRIZBWLTF
HOEELE L TRV SR TOLIDIRIERGIDOATH
%, bAbNIZERE A BT, cross-correlation
EEFGETLI L LD VFR O REEBIOHIE T
ML, LizdsoT, ZOREERFICTHT 2
Fwkh, REOKEE: L TREBHOELLIMNL S
IEDTREERDITHS D, HROERERFIRE
FBLTY, ROEMES L CECEEREDOZhZ
NOCEXRELAFETL L RAETHS, Lol
536, VFR O RSO ZL 2 IR L T hid, ZH%E,
AR, 2 HUURHPRELEDL T, FOMBERD
BEer ©RRICIR 2 B 2 ENETRETH B, Zhid, —
DOBREBLLTOFOBELTM ST 2> A TEELE
HERITIEWXRDETHAD.

b) #EE L LTo VFR

REFZT, BRELLTVFR 2 IGBLEKSIT
W, Ldl, VFRIC X > TE U 5 KB » DN
femehEE L, EFREOFHRELTERTHL LE
Zohd, B EHREERZOBERELLTE
Kleinert 52 & 2 28 dynamic traction &34
KISAZNTWLEY, ZOFEELHPRICBL TR
NEB2085FETHL LI REND B,
Hazarika'® @B FEORIARE TCEBREEZL, I
B0 7BEBTIREEMAFA L, COEE
&Y, SPRHSEL &0 S RIBICIE T,
RIFRMEEEE L o b BRT0SB, L LEHS,
#Dt, BEEENEFEL LB ONEOREY
%2 . VFR i OBOEMREORBTR L LTE
BThodeELDL, 85, VFR I FREHRIEBEED
FHROMERECIE: LT ER TR L EEL
3, FHEOHEDOEHE (re-education) & v» 2 B
Wynnparry®® i & D #l Tra iz, D%, Dellon
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57 1F re-education DEERF & » & ha, HMEOEIEC b
EESEE  FARICIEN BRI THE e 2R LT B
21k, re-education M X A = X Ald, HEEIBEIC LD
—BEMshSARBLARTREOERZ 2 EEs ¢
BIETHEHELTWVS, Zhiz, VENCHZEOR
EERBETLHOTIE L, HRIBBC L VLR L&
STASIL T &z A VR %, FEEDA /LR
FRALHDELTIASEAZIETHY, EFRHLH
BAOROBFEHETH S, —H, VFREIKMEOZER,
REHMERAT AL DEL, ZOKLHED A
VoV ARG EA R R T, FROBBREIEOED
ARV RAEED, FIREMOETORER» S DK
DA SV ART 4= RSy 78 F N L TFig
OBHEECBERGEER L L TR L nid,
MEBEEROBMICREBREBEMZ 5 2 ickD, &
FHD S BT re-education DB T D AT & % AJRE
MNEZOLND,

3 & o

BRETOIHE—XERFEER L T HEE RS
Th 5 FEMIREFRE (TVR) OEBERFMEE ML
WEEBgEI T &7, Lo L, EEPHROESED>H»T
BB Sn%n, PREERCEEDOS L2BECS
33 TVR OHBEERR, 208KBL TRBICED
LA, 2R L L TORRSOEREERL TWw b,
PR ESHEEREOTHMREONEE L L TO TVR
DIEREEAXNTH L, TVR BT 2 EHHMEE
HaGHE LA THEEERHOMEIE, RRNOGRE L
LTDE 522050 ETRLTwa, EAOBRNT
BEENT HAZEMHRBFIRES RS (VFR) 38
HEED12THY, TORMERIEY F7AMT
HrHEEZLNTWS, VFR & 4 EHEOBHMN SRS
EOMEZEES » TR LS, B, RA LECES L
T BEEEMMRENT WD, FHEOMEIEL T,
FR, ROEMHE, PR, & 5% O re-education
REWXDWTEL OMERFET 5. VFR IAEOE
BRI DBRAHNRIEETH L LW IBARKBWLT, Ih
5 OHMBEOWER A E LGB E2 R T LH, KE
EELVBRERL L TOICADTRECED LD L&
25,

RERZBHRY, MEH2E - IBMAREET
S EEHEAMERBIZCER LT,

FIEOBEEIIBII61 £ 6 H, 5 29 BB ATEAR
FLls B L U624 3 H, 89 BEBEENAR

f& - fih
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Radial Nerve Palsy and Ganglion at the Elbow

Toshihiko Ogino, et al.
Department of Orthopedic Surgery, Hokkaido University, School of Medicine

Clinical features and operative findings of six cases of ganglion at the elbow joint associated with
radial nerve palsy were compared with four cases without nerve palsy. Mechanism of radial nerve
palsy and usefulness of diagnostic imaging techniques for detecting occult ganglion was discussed. In
the paralytic group, the type of nerve palsy was posterior interosseous nerve palsy in two cases,
neuropathy of the radial sensory nerve in one case and neuropathy of both nerves in three cases.
There was provocative cause for the nerve palsy in four cases and there were four cases in which the
nerve palsy improved by rest or worsened by hard manual work. Ganglion was clearly detected by
palpation in two cases, not clearly detected in three cases and not detected at all in one case. In the
non-paralytic group, ganglion was detected by palpation in all cases. Surgical extripation of the
ganglion was performed in nine of the cases. Operative findings showed that ganglion arose from the
anterolateral capsule of the elbow joint and pushed up the motor and sensory branches of the radial
nerve and compressed them against the brachioradialis in all cases. There was no difference of
operative findings in paralytic group compared with those in non-paralytic group. Radial nerve palsy
is considered to be caused not only by compression of the ganglion but also by contraction of the
brachioradialis. Diagnostic imaging methods, such as ultrasonography, computerized tomography
and magnetic resonance imaging scan were able to reveal the location of a ganglion in all cases.
Ultrasonography was the most valuable test when it was difficult to detect a ganglion clearly by
palpation and it gave useful information for decisions about surgical approaches.
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L ABEBEMEOREF OPIC L, BB EEEFRE

HEMMERECERE LT, BEEC L 28R0E
38, Arcade of Frohse TOEIIMMHMERE, WERXR
BEELZOLOBNRESI TV, 2odT, [BEE
BIECRELF 7 )& i & 0 G BEHRRE %
s LEAOREIEEN A2 LDOTHS, &<
WK TORERAFOZFN L L TEbO TR
WRNOID o |, IRAETERISEE L oA v T U A T

DHR ST, BEMEREORED 5 B EMmE
EERBOMADKEY & fr LICEFIBTEEL T3,
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T, FEHEOSERL CHMEMETECREL LAY S
VA4 EGIE RBIMEREE 2 LB & BB O 12
o THERKIR E FWMBEFREE L. £, BR
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ERZHOBEREERET L.
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1. ARG FWRRRE

1) BEEEHRESHE
RREEEDEROERINREE 1B, KsPITHDY,
BREQIAEIH, E3BTHo7. VIBHESTAR

~ Table 1
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2T~56FTH Y, F940.7F ThH-7: (Tablel),
57, EORKERILASHOFERSD > 72h,
Er AN, BALPOFEBHDFREL LD
6BIF 4B TH -7, FEEROAFUIF Z7 A /8—, &
HOEANEL 16, BELMPELEN 2B TH 7. —
7, REOHREEROCEBBERIC, BRI L3MED
HEDH DLV, LROERICI 2 HEOHMEHNTED S
NizbDIF 4B TH o7 (Tablel),
BEMEREOHE*HIETOAHNRD Sz
BHEHERE, NEEEOAVRD 5N BEEHMER
KRR, Zaue, EBFRE NEREEOMAHRED 5
NI EBEEREICOD 2 &, BEREFRELH 3 B,
BE MRS 2 5, BAREL 1PITH o7,
—7%, SEGIOHIMETOAIMERE®HD L,
ThHBEAFIREHOBHIER TH D7, BEWHE
OXEH 2 5 H CERAFRMEG L D REBOHICE,
BROBEOBNETLEEL:, LrL, F—EH

Clinical features ganglion arising from anterior aspect of the elbow joint.

1. Ganglion at the elbow associated radial nerve palsy

Case Sex Age Side  Provocative cause

Improvement or Type of nerve Dullness of Pain Tinel Detection

aggravation palsy the elbow sign of ganglion
1 M 5 R Useof driver + PIN 4SRN + + - +
2 F 39 R Use of scissors + PIN +SRN + -+ +
3 F 43 L Lift of heavy object + PIN + - - +
4 F 27 L — + PIN +SRN + - - +
5 F 36 L Lift of heavy object - PIN + - - +
6 F 43 R — — SRN + -+ —

2. Ganglion at the elbow without radial nerve palsy

Case Sex Age Side "y "1y w

Dullness of Pai Tinel Detection
ain ;
sign of ganglion

7 F 3 L - + - +
8 F 40 L + - - +
9 F 47 R - + - +
10 F 60 R - = +

Note: M, male; F, female; R, right; L, Left;
PIN, posterior interosseous nerve
SRN, superficial radial nerve

Table 2 Muscle weakness in each case of radial nerve palsy due to ganglion.

Case ECR EDC

EDM

ECU EPL EPB EIP

1

[=r B BN JCI )

[S BN BRSNS B S B )]
L I e N A
[ O N -

[ I RS -
[ I O N
(22 IO R R Y
(S O RSN
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DEFHORBEOBRECRIELALENA LN T
(Table 2).
BELUANAOEREARRE LT, D15 X256 4,

HOER? 146, LEEN LBL DR 1#, Tinel
BMES2HCED N, EEO LS DI L 2
BB DI DT, ATEER b DS 2 B, TEBREZ:
LOWIPB, TEEERZLONIFTH 7.

FMEEBNCIT- 7208, Fr 27Ut v iz2fcEe
FHRTEOWH G, SRE L TE Y, BB,
FEEETHroTL LT v (Fig 1), #2704
DEBSTEL TO2MHUOEBEF 2L L
T, A7V A EBHL 2, WEOKBEIE 10 4
A5 2008 (FH 155 B) THB08, »wIhbkE
BELKEEL, BRI TRTHEEL T3,

2)  KREIEEHHH

FERRERE A Pl 2B LHETH Y, BBERIZA 2
E2PITH -7, VIBIEST 30~60 FTH Y, Fiy
U IFTHoT:, 72 )F »OEHITE < LR
RABIOFERSD > e EoE A, 4AFH 1T
Mo & 2 MEEEBENELEL, 20857
F rOFECRT T,

EREFRE LTI, 28Ty 7 ) 4 > OE s
ARECH o7z, FOM, FD7Es s 14, MBI
Fan 1 6, FREE RN OB 1 A TRD s,
LBEAN LBAEOEIR, Tinel BENED SN LD
e mo i,

FHIE IPNCAT o /eS8 3B E b # > 27 ) A 3BT
HOBRBEOMNEOMBE,»SRELTE Y, FER
EFRRICEBEEORS, EEEFTr oL BTy
7o, WEBEEERBOFETH 7)) 4 v 2 i8H Lk,

2. EREWATR

EREWE L T BT REGR2E 2 84, CT % 4
Bz, MRI % 2 flic{T -7, BEEEGREH 2T
AT, BEEOMEKEL I —2RTR
ENTH oI, InSOREONI, R —
ThHDH I & RAEKTERE OBEIEROENAE L
oA kbbb (Fig.2). CT %
To7e 4 BlIBE HERSZK bIT > 1BITH % 25,CT
BT b EEEIA AR ORFASHET, AR
D3 — T CT + > 78—»8 30~40 Hiitk @ low density
DlEsEH s>l (Fig. 3). —%, MRI #{T-7: 2
BTz T RAEGR THESH L BEFOBIC AR
¥)—7 low signal OEHREESRO SN, 20D
et T2 WMABER T3 high signal D& E L TR

E-
»ont: (Fig 4).
% B

EEZSORFELSLHE CINBENRO L > 270 4
YL BBREHMEREORE IR, 1958 EOEHFO®ME
LA 38 Bla oD, ZORTHEEROZEASTRS h
TWbDIE 24P TH B (Tabled), “ho 2485
EOFREP & B 30 P TCRREDHHE A2 &, 15T
FIFMED & DFREE | 20 B, BEDADEE : 24, #
MICBRBME LR, WHOME : 8 TH-7, B
BEEIORIE DA > 7' ) & v ic & 2 B EHE R T,
BERESRLRER R LT, L, &0
DIEGFIOFHOMR TE 2T, BEBEORmICFKE
Lie 70 4 3B R OB L R AL B
T, HEEPEEREL Tvr:, EREECBLTLE
BOFMEBRESEEx N, NESOMEYy 7
VA Y REELUIEE, BEHEOER EERED LT
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7 )AL DEFHEREOREREIC DOV
TH, —BACEEEC L 2 EDEENERTSH 2
EEZONT WS, SRIDERTHS &, FREDZ WL
PITREFTEEERFEEL T, i, FRERE
DM IEEBOBTEESA» SHN T 5 % 1EF
ELTW, ZOZERPESTLHEROKRE W
THRESE IS DI TERVLILERLTWS, EE
2 & 2 HEOEBUNCEORER ¥ OBHIR T F
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HEMEREG O D 2RI HREZEORMUTH
LrEZ TR Uhl, BEIEHEFT, KE
OFREEROELLEH B L, BEHEORE ¥
72306l 9 BT LK OBEDOFEREICHRESHIEL
Twd, 272, REGIO 78 L HRAIDO 4 HITLEERD
FRCLORESEEL 2D, HIVREEHICL B
BHRELZEEZON, TOIEE, NEKBE
BREORENA Y 7Y A ORI & BB b EE
DEER T TEL, EROFEA LV BINET»HES
LTWwaaREEERE L T3, REEORE IS
Ll w704 Vi, BEREE T o EBHET 5,
Z O, BEWRORBRELET 2HEEHOIEL
Hr 7 VA Eh > TREEFEET 25 iz Dk
BNEETLEEZLIENTER, 20X 0HBL
-, FEOFERE L ORESBEL, THTRET
52k, HbwiE, RUMMCEELY, ELEOKR
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EADOH VIV AVTH>THLTUHIERLZ &
RN EHHEREETES,

T F yBEFEREEELL S, RERE
EIBELZIRTVEEE LTH, BASOENT
VWb Tk BEMEOER A Arcade of Frohse i A
ZETHEES N TV 5720, FEIRy & MELFE
ENHE, B SR TERCEENS & DiR]
fibsivrErensd, £, FIROEABNES
=k BB EHRES A OBENBNREOR LIRS L
TWHAREELEL LGNS,

FRE LA DRI & BT R % RREEEE & FERREEE TR L
THoE, HOEDSHREHTRPICED S Ts the anterior capsule in front of the radial
n, Tinel HRSBEHODIL T N THEFITH > 7, head. Arrows identify the radial nerve.
IOXSWHBEEFLEFTLELEASNDIFO

Fig. 1 Operative findings: A galnlion arose from

Fig. 2 Ultrasonography,

Right : longitudinal section, Left : transverse section.
A ganglion arose from the anterior aspect of radial head.
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hHES EEBORBRBFC OVLTIE, BEMEER
S n2EEEOBS, BRI L LE, HTOER
BEMEREOBSSIEMan T Yy, —7, JEH
BEORICHHOZ s 2HK2 LY, FHHEAN~D
BB B U T BEADEEL Tls. IRSDE
BITiE subclinical REBHEEIRED 2 ILEE OWR
ETHRETREBEOREMEMMESTEEL 25
HHLEETE R,

UBMBZ 2T, FEOBHICEL T, EEOMES
TATRE 2 B A MO R & % BEE & OEFIBLET
bH5., BEMMZORROTEE, R, HEORE
OFER, BEB LUZO®ROBRBEBECL TN
BFENBIELAETH 2, ZOEIBHETRERN
DAL & IS EE TH - 7 occult ganglion (X Ri@
JEN, TOBWMIHRACRIINMEREE LD
HEEEsSEV, Lrl, KFOA» SN IS nY v
TVA L BEBEMBE AL T, WETICERE

Fig. 3 Computed tomography revealed a cystic
shadow at the anterior a spect of the radial
head.

o Sl
B
=

/—v

Fig. 4 T2-weighted magnetic resonance imaging scan,
Right : longitudinal section, Left : transverse section.
There was a high signal round shadow at the anterior aspect of the radial head.
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Table 3 Reported cases of radial nerve palsy due to ganglion at the elbow

Auhor | vear | Sex | age | Afeied [ Prosocaiive [limprovemert or | Type of rrve
Takano 1958 F 24 L - + PIN
Miyagi 1959 F 35 L — + PIN
Azuma 1965 F 23 L + — PIN
Bowen 1966 M 57 L + NR PIN
Yamahiro 1966 F 21 R — — PIN +SRN
Yamahiro 1966 F 43 R - PIN +SRN
Matsuzaki 1971 F 46 R + PIN
Nagamine 1973 F 38 L - — PIN
Inoue 1975 M 40 R — - PIN
Inoue 1975 M 28 R — + PIN
Inoue 1975 M 45 R - - PIN
Inoue 1975 F 41 L - + PIN
Machida 1978 F 30 R — — PIN +SRN
Machida 1978 F 32 R — — PIN
Matsuishi 1979 M 31 L — — PIN
Suka 1981 F 27 R — + PIN
Suka 1981 M 50 R — — PIN +SRN
Mass 1982 F 41 L + + PIN
Morimoto 1982 F 28 L - + PIN
Morimoto 1982 M 67 L — — PIN
Hermansdofer 1986 F 30 L + - SRN
MaCollam 1988 M 16 R - — PIN
MaCollam 1988 F 40 L + — PIN
MaCollam 1988 F 52 L — - PIN+SRN

M, male; F, female; R, right; L, left; NR, not recorded ; PIN, posterior interosseous nerve ;

SRN, superficial radial nerve
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Delta phalanx @ X$#& & FMiEHE
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Delta Phalanx : Roentgenographic Findings and Surgical Treatment

Hiroyuki Kato, et al.
Department of Orthopedic Surgery, School of Medicine Hokkaido University

Twelve patients with a total of 16 delta phalanges in the hands or feet were reviewed. Unilateral
involvement was found in nine patients. Bilateral involvement was found in three patients with
clinodactyly of the little finger or brachydactyly of the middle finger. In all of three patients with
thumb polydactyly a delta phalanx was found in the proximal phalanx of the thumb. In four patients
with cleft hand or central polydactyly a delta phalanx involved the proximal phalanx of the ring
finger.

Sixteen delta phalanges were classified into two types according to findings on posteroanterior
roentgenographs. Eight phalanges were classified into D type because they resembled like the English
letter “D” on roentgenographs. The remaining eight phalanges were classified into Sigma type
because the lateral surfaces showed concavity and the shape as similar to the Greek letter “23”.
There was a relationship between the type of delta phalanx and the associated anomaly. When a
delta phalanx was classified into the D type, it was associated with thumb polydactyly, central
polydactyly, or cleft hand. When a delta phalanx belonged to the sigma type, it was associated with
clinodactyly of the little finger or brachydactyly with hyperphalangism. Based on these findings two
different etiological explanations for delta phalanx are suggested. Those delta phalanges classified
into D type may be manifestations of failure of finger ray differentiation, and those of Sigma type
may be due to an ossification abnormality.

The natural history of delta phalanx was studied in five patients with a total of six delta
phalanges. The average age at initial visit was 12 months and the average follow-up period was 54
months. In all patients longitudinal growth of the delta phalanx was less than that of the adjacent
normal phalanx. In all digits involving a delta phalanx the degree of finger deviation had decreased
spontaneously or remained unchanged during the follow-up period. An increase in angular deformity
was not found in any case.

We reviewed five patients who had undergone corrective osteotomies for finger deviation caused
by delta phalanx. In four patients treated with closing wedge osteotomy, opening wedge osteotomy,
or reverse wedge osteotomy, recurrent angular deformity was noted. In one patient treated with

Key words : delta phalanx, congenital hand anomaly, osteotomy, clinodactyly, ossification abnormality
Address for reprints : Hiroyuki Kato, M. D., Department of Orthopedic Surgery, Hokkaido University School of
Medicine, Kita-15, Nishi-7. Kita-ku, Sapporo 060, Japan.
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opening wedge osteotomy using fat interposition graft, the angular deformity was improved.

%’e%

BIE S EFORMARCELE LEEN=AFEH 5
13 EF 2R TEEE 2 delta phalanx X IFEIFL 29,
HEXKGHFDOF T, delta phalanx OHEITIEF W $
NTHD, FRINBIEE, NFE, BESEE, M8
RHEE, TR DHAHMORTBEBRBICEMHL TED S
NBEFELN TN L gnl, T o DER L
delta phalanx QBRI DO TRETL B S b TH
T#7Y, delta phalanx QBRI DV T A% S48
Dz,

Delta phalanx MEET 5 LB R AIGIRARLHE
MEAEULZLBHoNTWVS, £0® delta
phalanx i¥ longitudinally bracketed diaphysis® #
%13 longitudinal epiphyseal bracket® 7 & D& ¥k
THENSE L bH 2, LrLAARCCHEERED
BARAZREZEH L HRERAH SR, —F, KA
PRGBS FMNEESLBEE LD Z L 05bh
5., RIARMEBET 27:00BYIDMIcR&EDS
EBREINT L8, BIFABERLFETHLE D
BRERO—HE ATy,

SEE NS OMBELAERET T 5 72012, delta
phalanx O XG2S L, BEBVI D MOER £ 4R
&5,

i

fE Bl & F &
BMNAEB LUCILBEREERAB TREL

Table 1

delta phalanx =H T 2ERFZ 12FITH D, B: 9
Bl 3BITHB. INSEFOUFELIRED 163
#i8 2 delta phalanx 2388 & L7z, BTN OWRIZ,
BESIEE | 3BI3F, BFE: 3HIF, dR¥%
8RE ¢ 1B 1 F, /NMERMSEE - 2614 F, BIEE 2
B 3F, #L TED symbrachydactyly : 18|12 T
Hotz,

Ihe DERENR, 1)BRIERS L EREDH
%, 2) XHH|, 3) delta phalanx OFE % HE L 7.
& 512 4) delta phalanx I $ 2 BEBY Y HOFKR
ERRET L7z,

# S

1. TEBIEEE L FURROMEF

Delta phalanx O RIE L BRBIEEH & DOMWIRE,
EHDWFIE L EROENE 3F 18, PIEOES
B2F REOEME . 4F, BEOEHE I 1 F,
FLTMEOFEE  5FThot. SEBLEBIE
HEOMGRE S D L, BIELIEE, BISMERER
#¥, # L TE? symbrachydactyly B Ti3, HiEhH 2
BREEOEILERTBIEL D WIIRBOEE B I
delta phalanx 2D &5 Gaf@BL Tz, —4,
RHEE & EIRESI T H1E, BRI, /ME delta pha-
lanx 2338 &1, #HIEH 2 VIFEREEROTER L
o T, L bRHERE S GIRER TR IhsDE
{Er@mF gt c@Eo o Tl (Table 1),

2. Delta phalanx @ X $&1%

Data on twelve patients with delta phalanges

Case .SeX Ageat Anomalies associated Site of delta phalanx Roentgenographic
diagnosis(mos.) with delta phalanx Hand or Foot Digit Phalanx Type
1 Male, 11 Polydactyly of the thumb Right hand Thumb Proximal D type
2 Male, 10 Polydactyly of the thumb Right hand Thumb Proximal D type
3 Male, 11 Polydactyly of the thumb Left hand Thumb Proximal D type
4 Male, 9 Typical cleft hand® Left hand Ring Proximal Dtype
5 Female, 2 Typical cleft hand® Right hand Ring Proximal Dtype
6 Male, 2 Typical cleft hand® Right hand Ring Proximal Dtype
7 Male, 9 Central polydactyly® Right hand Ring Proximal Dtype
8 Male, 56 Symbrachydactyly Left foot First toe Proximal Dtype
9 Female, 69 Clinodactyly Both hands® Little Middle Sigma type
10 Male, 144 Clinodactyly Both hands* Little Middle Sigma type
11 Female, 24 Brachydactyly Both hands* Middle Proximal Sigma type
12 Male, 59 Brachydactyly Left hand Ring Proximal Sigma type
Little Middle Sigma type

*: They are classified into failure of differentiation of finger rays according to our classification®.

*: Both hands are affected.
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Delata phalanx O IEFE X & 5 T, BEIE %
L Tw 28RS £ Bims, BEEREEBEL Tvi
WA EBBRESE L TP BRESOBBEC LY,
delta phalanx O X§&% 2 DOBNI B L /2. Bk
SSTEEE O hRTHRCSRCERD HL T 3358
1, BESEXFEDD BT w50 DR EEL,
BURADSTEE RR TARCREM L Twa R, ¥
VTIXFERESTWEUL Ty s EEL
7. DRy /<R E b BIBHET OTH-
72, DRI L v <MDK delta phalanx 28T
BT L BRRADORNE S 2L, DETIE8

BEIE D D B TIEETE TERESOAEMED LD
K& < (Fig. 1-A), #icy /<RI 8IEHIBEDI B
TIEEIE TEREST L D BRESOAMNRTHH 12

(Fig. 1-D, E). MR DK & 20T TE L LHID
Hryvrs<®RwlEfEy o8R0 sni (Fig.1-B,
C). # Z T delta phalanx » BEEKIOK & WIEZ R
5RTHS L, delta phalanx (Z DA & & /<R D
BRICZTon2HPRBOBITHREEb3HbHD,
XBGOEGESE L —EOELLLTRZ SN
7z (Fig. 1).

Rz delta phakanx D& type & FEBZOBEERY
H%k, DEZBESERE, BIoMEEERE,
symbrachydactyly (238 541, > 7 ~Bid/ighHs
EH D WIEIREFICHEL T 0, X §He BEE
BORICREDBFROTEEL 72 (Table1),

3. Delta phalanx O E

Delta phalanx OREIFRDOKE & FEORFRAIC
DPLTHRRBEREL . MR 2 EL AR
AR TH-7 5B 6 5B T, EHXKEEHELD
delta phalanx O#ESTAYEHERE, BHEIEEF & EBL
FARNBIEREE, % L CRIARMA 2 EAIL 7 (Fig.
2) BABEHHIZ2E 10, B0 5 64£8 » BTEY

18 2 ATHB. ThoDBMIcB 52 BHEDE
tE A5 &, HNBHER T RCOBEETIIL
T 7 DB HEE 1S 6 I8EB R 5 IEHE TR L
Ty, IR, delta phalanx O E#IELE X2
BOBEBICHARTE>TWBEI EERLT W

(Table 2),

HIG R A OERE A5 &, BIAMAORDY BT
DITIED 218, TEMIIETH D, BIHRMSEA
L7zt 7%e » 72 (Table 3).,

4. FIEBYID #HT okt

Delta phalanx {Z & % ¥D BB R 120 LG IES Y]

D EAT > R EGNIL 6 EFITH D, ThoDd btk
A REREETH - 2 SFERIC DT, [IHIRAA
OB EFRE L, MEZABRRREI »A»o )k
ROFET, ¥HSEUN»BTHZ, FMIEFMHOATUL
closing wedge osteotomy #5 1 #l, BBE*THT L
opening wedge osteotomy #3 14, opening wedge
osteotomy B HE ¥ 1To7zFlH 1 #l, opening
wedge osteotomy 24 U7 RIBAICRERBHE 1T
7255 1, # L T delta phalanx % it Tk B
I LR 8HR L CREBICHV 7 reverse
wedge osteotomy 5 1| TH -7:, Opening wedge
osteotomy i fERGTEHE % HF A L 7 EHI LS D 4 T
, 2fEBOBREs&ON, £05 5 IFTRE
Y10 O FimH i FHABASESE U Tz, FIRIFME
EWMOBRN &SN 3B Tk, BEOEYY
W7o, 2EBOBYID WM OMNRE, closing
wedge osteotomy 232 & BRAEX1TH 2 v> open-
ing wedge osteotomy 2 1 I TH -7, 2EBOEY]
b ik, 2BIMET NSBEAF LB, 1HlE
FLLEROBRELALNEABEEDTH 5 (Fig.
3).

5. fER

TG 1. BR, RFRIIKIEES & &> - iE5iE
fETH D, EEFIZ DB delta phalanx TH - 7z,
3F22RT, REIEDYIEK L delta phalanx @
closing wedge osteotomy #1Tvy, fFEDBEEHRIZ
TOED»S 16 FrRBanl, HRICEBOBEXESE
Sonil®d, 6F45sAKIC closing wedge
osteotomy %#1Tv>, RHEDBAURNIIZ 46 E» o 8 fF
KREIN, T OREBOERR L 12 YOKE8
BROBEINRMIX 10 ETH 5 (Fig. 4),

EFIS. TR, BRFETH S, £#%2 » A0 XK
b sE, BRIBOEEE DR delta phalanx 8
HYERIER I ERANRAIE RL T, 30 E °R
BEREET o783, RERHOAKETRETH >1-1:
& reverse wedge osteotomy FITULMEMIA % 13 iz
BELL Lo LIFRCEROBERESGL B I,
12 FROBREMHRLAR8EE k>Tws (Fig
5).

TP 9. &R, M/MERHEERITH 2. WFE/NIED
HETEIC Y 7 <RI delta phalanx 235 D, /N3
BINRALL Twaie, 559 » AR, £RI0 delta phala-
nx KX LB DR T opening wedge osteoto-
my Z{TDEBICRERS R B L 72, Wi 5 IRAI S
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Fig. 1 Type of delta phalanx.
A: D type. An ll-month-old boy with polydactyly of the thumb demonstrating delta phalanx of the

proximal phalanx of the thumb (case 1).
B: D type. A nine-month-old boy with central polydactyly demonstrating delta phalanx of the proximal

phalanx of the ring finger (case 7).
C: Sigma type. A five-year-old girl with clinodacyly of the little finger demonstrating delta phalanx of the

middle phalanx of the same finger (case 9).
D: Sigma type. A 12-year-old boy with clinodactyly of the little finger demonstrating delta phalanx of the

middle phalanx of the same finger (case 10).
E: Sigma type. A six-year-old girl with brachydactyly with hyperphalangism demonstarating delta
phalanx of the proximal phalanx of the middle finger (cases 11).
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Table 2 Roentgenographic changes in longitudinal length of the delta phalanx
Age at Length of Site of Absolute longitudinal length(mm)  Relative longitudinal length(mm)
Case initial follow-up delta phalanx
visit(mos.) (mos.) (side) Initial visit ~ Last follow-up Initial visit ~ Last follow-up
4 9 64 Ring finger (L) 10.0 12.0 0.56 0.50
5 2 28 Ring finger (R) 14.0 20.0 0.80 0.71
7 34 34 Ring finger (R) 20.0 23.5 1.05 1.02
8 20 52 First toe (L) 10.8 13.6 0.86 0.77
11 2 80 Middle finger (R) 8.5 12.5 0.57 0.47
Middle finger (L) 9.0 13.0 0.56 0.48
Table 3 Roentgenopraphic changes in degree of finger deviation
Age at Site of Degree of finger deviation
Case initial § “L?:’\gth(of ) delta phalanx niG lg it g Last follow
visit(mos.) ollow up{imos. (side) nitial visi ast follow-up
4 9 64 Ring finger (L) 40 44
5 2 28 Ring finger (R) 89 88
7 34 34 Ring finger (R) 46 43
11 2 80 Middle finger (R) 24 15
Middle finger (L) 34 13

s
@
o
c 3
g 804 ‘-_\‘ A Case5
) o .
“5 o Reoperation
o 1
c 60 |
o |
'ﬁ \
<
> 404 !
[}
©
“—
© 201
0
(Y]
Q
A
3 - T T T T T T T | L T T T
& peopop. | 2 3 4 56 7 8 9 10
Postoperative years
e——» : Closing wedge osteotomy
o---o : Opening wedge osteotomy with or without bone graft
A

: Reverse wedge osteotomy
©——0: Opening wedge osteotomy with fat graft

Fig. 2 Measurements used to determine growth

Fig. 3 Changes in degree of finger deviation after
of the delta phalanx and deviation of the

surgery. The plotted points show degree

finger. A: Absolute longitudinal length of
delta phalanx. B: Longitudinal length of
the adjacent phalanx. A/B: Relative lon-
gitudinal length of the delta phalanx.
Lines C and D are drawn perpendicular to
the longitudinal axis of the phalanges.
The angle formed by lines C and D repre-
sents the degree of finger deviation.

of finger deviation in each case treated by
osteotomy. In all five cases the finger
deviation was corrected by initial
osteotomy, however, it recurred in four
cases. In a case treated with opening
wedge osteotomy with insertion of fat
graft, recurrent angular deformity was not

noted {case 9).

6E»IGMBEHBESN, S5MEBEI BT E
ER D BEABRLKEBEX N TV 5 (Fig. 6).
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Fig. 4 Casesd.

A A 3-year-and-2-month-old boy with thumb polydactyly demonstrating delta phalanx of the proximal
phalanx of the thumb.

B: Closing wedge osteotomy was performed.
C: Radial deviation of the thumb recurred after surgery.
D: Closing wedge osteotomy was performed at six years of age.
E: Recurrent angular deformity was not found at twelve years of age.
* = &b TN TH S, Watson 513, delta phalanx
O X IR 13 rectangular shape & triangular shape
Delta phalanx o X##{§% 2347 L £ ORE 2R L DLEDBHY, WTFNORLBIEERTIESEET 2
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Fig. 5 Caseb.
A: A 2-month-old girl with cleft hand showing delta phalanx of the proximal phalanx of the ring finger.
B: The deviation of the ring finger had not changed at three years of age.
C: Reverse wedge osteotomy was performed at three year of age.
D: Nine years after surgery the finger deviation recurred and premature closure of the ulnar side of the

physis is shown.
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Fig. 6 Case9.
A A 5.year and 9 month-old-girl with clinodactyly of the little finger demonstrating delta phalanx of
sigma type.
B: Opening wedge osteotomy with insertion of the fat graft was performed.
C: Nine months after surgery spontaneous correction of the angular deformity was noted. The degree of
deviation decreased from 46 to 27 degrees.
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BRETHEET 5 LR TV, L L Watson 513
BRIOXGBROBFHEEZRL Tuwirwvwizs, triangu-
lar shape MEZFSD Y V2R EE—DLDHE D
WAETH B, Vickers 3/MMERHEECRDO OGNS
delta phalanx 23 trapezoidal phalanx & triangu-
lar phalanx #3% % L #4&E L T 5%, Vickers D#RE
I~ & % & trapezoidal phalanx i3 BEE S MBER % &
LB OU(L & ELCTEES 2 Bimd B &R
DA SRV, T DL D% delta phalanx ZEZES D
EFCREEL ko7,

SEDERW L 5 £, delta phalanx ZDR L v 7=
B2 owaash, U EFEBOMCEEELE
EWED 5 NDBEVERTH -7, DR delta pha-
lanx 13, FRFISIERE, HFE, SESEEL KHER
BEEEESEBCHERETATERBICEHLTELTY
te. —H, ¥ 7 <Bid/MERHERE & hyperphalangism
FESEEBER CBRICRELSA SN TRICENL
TEDHeNl. TOLDRFER L XgEOMERE,
Xk EDRWHDIF L AL BOTHRCRD SN
5. Lo LXEFoFicid, DR delta phalanx %8
EIEE W FEEL B, 7 <& delta phalanx #8
HIECRD SRHP, S5k DR delta pha-
lanx MHEFEIEIREL>BHESLFICED o
FPOnrymEENTHE, 2 OESEIOSBERT
FDREy 7~ROBITHLELN2FLFELTE
D, D&E»S 7 <RBICESZ XBROZE(LoEE L 72
—BOEATH NS TRE R, ThASDHEE
» 6, DR delta phalanx 5D SN BEFHL V7
<& delta phalanx »58& 5 h 3 FHOM I FKESF
B & DREN H 5 FJEEME, H 5 VIZTHEBOR
43888 TR IS B 2@ % delta phalanx H3K
MTAAEEMENELONS,

Delta phalanx @ BBREZ:&EZ DWW Tk, BORIFR
UBREEL EHEMNT 3 & v )@Y L growth
spurt MEEHECHENNT 5 £V 3 HD 2B 5. LoLX
BB X s5HRlERHE s h Ty, EFSORR
Tix delta phalanx i BEHIEEIZIRD SN2 537 D2
EBBEREROBEHBT LA TE > Tk, oM
FIRGL AL EEZRL TB DB L2RRED S
ot L LERIESSD I < growth spurt @
R IRAOHRIZBEEL Ty wy, ZOMEID
WTHE S RSEORTNLETH 5.

ORISR T 5 FHHEIC DWW T, closing

wedge osteotomy'¥, opening wedge osteoto-

my*®12 reverse wedge osteotomy?'® i L D HFEH
B2 THWS, LOLWLTRhORFETLHRCER
OERVBEIN T  EELORBEAL LT
noDEYIO M ET - EFOSHNCEFROBEREM S
sh, BELTSBEALES I 2EDQEY D M
BBETH-oT:, FEECOEFNTHEVIVHICELFE
RO RIS MR AR OBRE Y E UL —REE L
shfz. Lod 2EDOEYY METT o LERTIEER
BOEENZHCRUCREARORFTRHEREEIATY
7z. —7#, Ogeden &% D /FE:IZ# U C opening wedge
osteotomy BICERFREME A 1T - 7 1 I T, BimiRE
EHR 25 TIRN AHERL KB ESNREFLBER
TS, CORFER, LRy 77RO delta
phalanx XL TENIERBSHFEINL TS, D
R delta phalanx IZxf§ 5B D fico>nwTi, I/
TEDEIHEDEILBEVDMBROLIZFREITH
3. LdL, DEHEZBWTLEY MO BHRHAMY
FHT 2 ODFERFLEOTIRY 3B LrEBbh b,

& B

D EMREEEAR LILEBERZRTA B TR
L7z 12 Bl 16 45558 @ delta phalanx @ X & & 1552
B A AT LT,

2) delta phalanx O X&EHIZ DR L o 7= RIS
ohn, DRZERSEEREACHEL, v /]
WAGIEE, RHEEFICERD s,

3) delta phalanx O BERRBT, BEIEOH SR
BT 2HRE 2 o7,

4) ¥ 7 =RITid opening wedge osteotomy ¥ fg
A & 0 REFRBIESEFTE 3,

# [

FPRIC TWATAE & L BEHNRFEEHBEHHE
B FIIMMEE BB LT,

IRMIEE & LitmE R EF R ARISEE
EHFESEECBH O LET.
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An Experimental Study on Elongation Injury of Peripheral Nerve
—Electrophysiological and Morphological Changes—

Munekazu Doi
Department of Orthopedic Surgery, Osaka Medical College

The electrophysiological and morphological changes due to traction on nerves were investigated.
The sciatic nerves of rabbits were stretched by means of femoral lengthening to avoid any direct
treatment on the nerve.

{Materials and Methods>

Adult rabbits underwent femoral lengthening of 10% or 209 by leg lengthener. The hip joint
was maintained in 90° of flexion, the knee in 80" of flexion, and the ankle in 10° of plantar flexion. The
following were investigated :

1) Percentage elongation of the sciatic nerve.

2) Segmental spinal evoked potentials following stimulation of the common peroneal nerve,
recorded from the epidural space.

3) Morphological changes of the stretched nerves immediately after, 5 days after, and 3 weeks
after femoral lengthening, which was maintained for 2 hours.

4) As a control study, the morphological changes of isolated nerves stretched by 5%, 8%, and
12% were determined.

{Results>

1) The percentage elongation of the sciatic nerve was 5.0+0.2% after femoral lengthening of
10%, and 11.9+0.5% following lengthening of 209%. An 8% elongation of the nerve was lower limit
of femoral lengthening of 20%.

2) No electrophysiological or morphological changes were observed for femoral lengthening of
10% (nerve 5%). In contrast, with lengthening of 209% (nerve 11.8%), disturbance of conduction and
morphological changes were detected that combined the features of first and second degree injury as
defined by Sunderland.

3) In the isolated nerves elongated 8%, the paranodal region of the nodes of Ranvier lost its
natural contour under tension. In the nerves elongated 12%, the nodal gap was enlarged as seen in
the nerves in rabbits having femoral lengthening of 209%. These changes were reconfirmed by
electron microscopy and teased fiber preparations.

{Conclusions>

1) The critical point for the development of acute traction injury of the sciatic nerve appeared
to be 8% elongation of the nerve.

2) Morphological changes at the critical point of acute traction injury of the sciatic nerve were
detected in the nodes of Ranvier.

Key words : peripheral nerve, elongation, stretch, spinal evoked potentials, morphology
Address for reprints: Munekazu Doi, M. D., Department of Orthopedic Surgery, Osaka Medical College, 2-7
Daigakucho, Takatsuki, Osaka, 569, Japan.
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I & € & (2

FHHERICES /12500 - THE U 5 i s
W T AR LIRS L LD TH 5. S
I ERIEHO &2 ST, MBERKIBCHT 2RATO
MRS, RERFHROMEHEL & HERK LD
B, BMEEHOFECHT2NRIVENT
BB SRTHRODBHETDH S,

BEOESFR CHMBICMR AN 2 HD
EBRFREO LT, ERMOBEHM, MM s &
FLB LD n <, RIFHON, E87% &0
DREBRZENMO > DT EEZ SRS, BR
b & IR 4 B 0 13 HARARE T b A T B
D, ERRFUBLTLEOEEROMD S ZLEE
BEFLELTFZ LR, EZRWROLEHENER
BRI RECERTL, MEHIRE» SKREDRBET
EESEEHIE L TIRZ A0, REKIBEXERL,
MR MR CRAIZ 5 7V EFRL L,
AE TR RO THESBERHEOESUEEFEAR S
CIEEREL A RE L, MMRHRIC L 2EEDORE
BYIER 2 R8T 5 C - # BRI L L TLIT OXRE %
To7z.

I EEMELSVICHE

1. EBEY
HE2.5kg~3kg DEHBRRE I FIFHuv 7,

2. KEBEEEHFZE
BREROABEELS AV (Fig ), ZO®
ERBIABEOPR, RKEMcEIERAL LEE

St

b
—t

1.8 mm Kirschner wire %1€ L, 2V %EIT & T
KRB ERE L PITIC 0% E THEET 5 2 & 2306
THsH, EEBOEZCRMIFGHFELr6O7 7
o—F xR AL, KT PR S SMAFHIKEE £ T
DOEMERBERE LTERL, ZOEMD 10%5 &
U 20%DESH 1T o7, ERAEIZHFT 10 mm/
min & L7z, TH o OREICL D AEEICERR
WENZ 52 e MBOERMIAIFEL R o272, KR
B DB —F R D o & MEE I T EHE O T
TEIFEEL 72,

3. BEB LUER

Sodium pentobarbital 0.4 ml/kg % Z PRI &
51, GO BB THERF L 72, MREBENBEE 21T
B RETIR OO b A LRSS L, pancur-
onium bromide (LAF PC) ##E L THI %2 FFEEMLL
7o, BRES L CERBEY BERLUIFEFREL 2.

4, FEEBHOFH

KEORBE* 10%B L F20BEELI-OH 2 I
Ml#D g 3 DRERRERFL, UTO 3BT TER
BB o, 1) 2HMEHE  BERIAES 2 RRERFL
1EEDLO (n=44), 2) 5 BE I ERE* 2 BHRF
%, KEEB*TOREIKRELTSHEEALL LD
(n=10). 3) 3:@8¢ : Ekw 3:EMAL 72 LD (n=
5)
FREIMCIZ T 4) MM HRE  RIRETER
Wk e TIFMBRAOLEME £, BEL, AF
BICEREO, 5, 8B LU RBBRLALD., hsi
MLUTUTOREET- 7,

Fig. 1 A; Femoral lengthener. Radiographs showing 10% (B) and 20%/(C) lengthening of the femur. Note
that lengthening occurs parallel to the long axis of the femur.
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Il RFHEESIUVHE

1. AFHEOMBRE

AEBERPERL & ELBHESY—ICHREINS
DEH & H D BH TR B /N B S R 2 5T
L7z, A9 ko~ —Hh— 2 HERAKE 7 »EE
L, RERBE 10%, 20%ERFHC 81T 5 LFHREEXE
DEDMFRE% Lundborg'® OF kI L DEML 2.
PCH#E, RGN TNRCDOTEAIL .,

2, KEBENRE

HEEFBMBRIMIC & 2 ARMEEREN” »BHE
4 2% 728 Dantec ##! Neuromatic 2000M it %
v, FBREMIOIH I TURER % 5 6 [FHEE s
PeRNC B L (Fig.2), MIEERE L TIEBAT ~
L AMTBER T RHEEMEOBEMEARL D 1
om GUHRERICEE L 7o, RUBER I3 FrgtREf 0.2 msec
SEFSH, B 2 Hz, S8R B —migEEo 3 & (3T)
B URALHW (Smax) @ 28 HFEH, 20~200
E0E L.

1) KEEBERBOEY, KEBEYWIC L3 FMER
Wog#r+M2 BTN S DRETROEBMELL
X UIMIE # BBk L 7,

2) KERE% 10%B &L U20%BHEEL & =DREE
BHEOFMBHISEREMOLILE 2HREIcbVE
gL,

3) MR LOEEM E U TOELRI & 2 RE
R AR E 7 P AL, fMREMERET VL
AL 7o, KCl 2 ERRA I QT % L B LA
IR % & 7908, T R BIRIE € =5 — CHEZEL,
IDETMCET HBENELE LEHOFELAV TR
ZL7:.

4) 5 HEE, 3EBEBZICHKI D nerve conduc-
tion velocity (NCV) = #filzZE L 7.

Recorder
(epidural space, L vertebra level)

[ ]
Wthene

sciatic
nerve

- .':-.-1_‘
& 7 A

3. EEFERIRE

1) 2MfEEs L 5 B3 paraformaldehyde
BE%=Txo7cDb, HiivsLEAS & UIFERM
OTHRE F TOMER % L, paraffin BEDOD B H.
E. #fa% & U Masson's trichrome H@ % 0z BREL
7.

2) ML glutaraldehyde % Fv> THERETE
%#47\> immersion insitu N2 =D HHEL T, 2%
0s0, (PH 7.4, 0.1 M cacodylate buffer) TEIE L 7.

a) Glycerin {LBED DB, Dyck” O FE LT
MU R EREMSITIC L 213 < L, teased fiber iz
L OB L, b) Epon 812 @M L /Db YL LU
BEYIE 2 {ER L, toluidine blue e, B X Uc) &
BYE FERMETEREL 7, d)Desaki¥ @A L
PSS NIEBAEOD L EBNEFEAMBETHEEL
7-. e) toluidine blue B8 %17 - 7z 2 BFRIEE ORI
FEAuTHBAZES L UCMBEEEZETAIL, histo-
gram %{EML 7z, EREEATEIC & D Dyck” Of
IBLTWwa I EKBMEOEM ML, FEYERE
BEL. HSEAE LRI 2.

3) HIE(ERTIE Y teased fiber BRTHEL 7.

Vv X B % R

1. MR RE

Pancuronium bromide &5, SEYHRD & B
BHREE TOMERR OXEEHTIE4.521.5%
(n=5), 0BEETIF11.7£2.0% (n=5)TH Y,
1% TORBRECHEEE 2R 08, S /Kl
MU HREOHFITENERE»RDw» o7 (Fig.
3).

—7%, PCIERERIC XL EYIRL S RRAFH £
TOMERE 0REEHTIF2.223.4% (n=10),
0%EEHTIL6.5£1.1% (n=10) THH, KERFE

stimulator

2N

Fig. 2 A diagram showing the method of segmental spinal evoked potentials recording with nerve elongation.
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Femoral lengthing of 10% Femoral lengthing of 20%

Part of sciatic nerve

20%| proximal middle  distal

10%

8% -

Percentage elongation
of the nerve

Percentage elongation

mean 4.5%1.5%

Part of sciatic nerve

20%| proximal middle  distal
L
. '
o ]
>
@
c . ] *
2 10% . .
ey . L]
]

mean 11.7%2.0%

Fig. 3 The correlation between percentage lengthening of the femur and percentage elongation of the sciatic

nerve in each devision when pancronium bromide was administrated. An 8% elongation of the nerve
was the lower limit of femoral lengthening of 209%.

proximal ; the division between the sciatic notch and the quadratus femoris.

middle ; between the quadratus femoris and the bifurcation of the peroneal nerve and the tibial nerve.

distal ; peroneal nerve distal to the bifurcation.

Table 1 Percentage elongation of the sciatic nerve at the thigh (the middle and distal division

were combined).

PC* Femoral lengthening 10% Femoral lengthening 20%
+ o 9
(ss) 45+0.7% 11.7+09%
- 0,
(n=10) 5.040.2% 11.9+0.5%

*Pancuronium bromide

B S RBEBMBOBEREARE COBRER
L0BIEREE T2 5.0£0.2% (n=10), 20%ERETI
11.9+0.5% (n=10) TH -7 (Tablel). {HEF
REEEREOERICH D, KEBEFFEH L D RBRNC
BLTEZBRaAN T, MECRK TOMERR
0. IBLUTORBETEEE YR, $LERY 48
BRMERF L TL 2R 2N 5.020.2% (n=10), 11.8=*
0.5% (n=10) LFEAFELLED ST,

HREE PCHS, FEREHIr»b ST, IBER
BEOMRBEFIZITIZIRLTIC, 0B ERBROHE
FF 8B U LI L T,

REARRE TI2LBFHE» SDIF & A LDIEMAK

— 62

BRAEBOFME TN RBPRETHE L 20, K
EFNVDESCHBENBEOMR TR SROBFEE
Lo THBMROMEESEEEZIZ I Lidhh-o
7z,

2. ERAHEIREER

1) KRBERBESE, KRBUWEIHRCETAH
BHEFEREMOREBEOELIE SBLIRTH D, HE,
B, BESIUMECEBLOEbIAS -
7.

DOLTHEHEFERENE B O A SERE, Ik
18 (peak to peak) * KBRS 2BRICH DV E
BL, ERATOMEICHT 2859 TRbL.
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2) KERE 10%ERE (n=5), FE—BFOEEHI,
120 4> #% 3T & % T 13 109.6+1.8 (LA FS.E)%,

Amplitude
%

1004

0 liﬂ {minutes)

1 §0
Fig. 4 Changes of the amplitude of semgental
spinal evoked potenthals-with femoral len-
gthening of 109%. Solid symbols are the
potentials evoked by supramaximal stimu-
lation, and open symbols are the potentials
by 3T stimulation.

Supramaximal
stimulation

3T stimulation

bofore
lengthening

5 minutes

after Iengthemng

15 minutes
after lengthening

20 minutes

after lengthening )\‘-—/A\M

30 minutes

after lenghtening \—

20uvL

2mcec

Fig. 5 Changes of segmental spinal evoked
ptentials with femoral lengthening of 209%.
The amplitude decreased rapidly after len-
gthening, and the potentials could not
recorded at 30 minutes after lengthening.

i W’fﬁ

Smax T 104.0+2. 9% T H -7, RIE 3 120 43 1&
3T 3 94.0£4.3%, Smax {2 86.6+2.9%TH b, §F
BAREHRORET : LTRELVELEED » o

(Fig. 4).

3) KEEE 0%ERR (n=6) QRO T
R TEREBE®RIDVDEFLIEBEL, 54% R
135.6+8.3% &2 0, 30 BB 6 BIP 4 Flc BT
Wi E L (Fig.5), fho 2 B0 120 £k s
i Ethzin 118%, 145% LBEL Tv>7:, Smax b F
BRIC 10 5% 119.725.2%TH D, 60 M2 4 FIT
BENEEL, 205%MBO 28w TERAEN
114%, 133% LBEEL Ttz

08 13 3T B ¥ T 15 53 #% 30.3+£12.8%, 30 7%
16.2+9.3%, 120 53%: 5.2+3.3% TH D, Smax T
15 534 41.8+8.9%, 30 /3% 22.3+7.2%, 120 3%
12.8+8.2% TH -7 (Fig.5, 6).

4) REIC DOV TR KRB WOXEREE L 20% LR
e DRz, 3T, Smax WTFNORIEER VT HIE
Rtk 1547, 30 53, 60 43, 0B LU 120 F BT,
TRTCOSBUTORBRETERE# R 2.

AEDEER» 6, KEEF 0BER & 200%ER & DR
CREREERC BT S RBOBRERFNEGER S
HD, THEMREEFESURETH L I L NHRES
ni,

5 R—#fk» o, IZFRBCRREL 7 3T R
Smax R# & i< X 2IRBOZE IR, WEMCERS
Dotz

6) KERBAVEEHD I bHEES2E/%: T

Amplitude
%
100

120 (minutes)

Fig. 6 Changes of the amplitude of semgental
spinal evoked potentials with femoral len-
gthening of 20%. Solid symbols are the
potentials evoked by supramaximal stimu-
lation, and open symbols are the potentials
by 3T stimulation.
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BWERash 2 HlERL L, RBSERT S TEL
BRI 3T TH 4.9+£1.4% (LLF S. D), Smax Tk
8.1+4.8%TH 2 DiwcxtL (Table2), kel BEFEIC L 3
LA EOMREAMEmE T vics LT, 3T T,
20.3+£3.84%, Smax T3 19.8+2.6 3 (n=4)TH Y,
W& E 3T T3 1% AT, Smax T 5%BLLT OERE
THEZ*RD.

7) 5 BE, 3BHOKERINCHBI S nerve con-
duction velocity (¥ 73.6 m/sec TH D IRIED K
T A7z, control (FF#780.4 m/sec) LEL LE¥
RDizroT:.

3. WREFHMERER

1) ERLEHEORMEE

MRS IR AT Clarke? MEBZEL/TEL
undulation, >R VHEEXEL TEY, Ih o XM
ABTEKKREY, MERAEAEORBFEGREG,
BAREE» & RIS V725 £ T Glees® BEBEL TS

=1

FOWFLLT2HMBEOAMICETL NS, UED
BAETIHHETHD, IOV EDH 2ERRE LT
RETLIRETH A, o BHTIEICE L THR
WEFEL T3 (Fig. 7-A), #E AT,
EXRKBHAEBRHTE, R L EEERS - B
DEBDEEINTVS,

2) KERE 10%EE 2 HE%OZE(L

MEEARHED D R 0 M ILIRE = B U, —2PEREL
T ie s, HHEREDBRRHE 3 RIRE D & THRES
KELFTHRREBER L > T or, HERHER
2IRREIEE, S HE, 3EHOLWTIRRBLTLENS
Aoz,

3) RERE 20%ER 2 HIZR O EL

THEARHED O 1. 0 M (L RBRER, THRETHAL T
Wiz, M RO BIRARHE S RRRES T i BRI E £ K
WEREL Twiost (Fig. 7-B), #EARER, TRRE|T
BIRBOBAIEH2 LODHEEL Tikx 53 (Fig.7

Table 2 The time in which the amplitude of segmental spinal evoked potentials reduced to

50% of the value prior to tretment.

Stimulation Cardiac arrest Femoral lengthening of 20%
Supramaximal 19.8+2.6 8.1+4.8 (P <0.05)
3T 20.3+3.8 49+14 (P<0.01)
(minutes)

Fig. 7 A ; Longitudinal section of a normal nerve. Collagen fibers in the perineurium show a wavy pattern.
B-C-D: Longitudinal section of a nerve after 20% lengthening of the femur. Collagen fibers in
perineurium of the sciatic nerve (B) have been straightened out, while at the nerve root (C) and in the
tibial nerve (D) they remain slack. (H-E, x200)

— 64 —
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-C, D), KERER TR B 2 i - 7 {13 HiHRARER,
THE  CREZEEZ N TWHL b o7,

Teased fiber #8471z (Fig. 8), ABRERALEIHED
Ranvier fZeEFIZEA S HICT| & BIFE N T W48, T
RRESC B TIIH E DI NTHE S ¥, K
Hi#l & D RAEER T ORI DA o 7,

RERER & D HRELL 7B HEWY] % toluidine blue
B U CHAFEMBIC CREY 5 &, KwEIZ con-
trol ¥ & LbEIL TS M5l & a8 T/ (Fig.
9), FRGHEE L UHEELZ (Ranvier L&)
TFES L UBESIES Bl TWhwa EBbh b
RiE&A SNz,

M {RARATEETE % B THERI U Ao mEREI Y0 | O SR
EEB L UEIEERE histogram Tk, control B0 HH
HEEIE 3~4 u BL U 15 pwfTiRw peak #HT 5
DS 2R LTS, KERE 20 %6 EREHCIE 2RI
EHICBEHL, #hEnd peak  BEIL T (Fig.

10), —7, W EEE control BEr 0% EREEE D
R & e B LS B S g o 7z,

Ranvier i O HEET G % E BRI FEMSI CRE T
5 &, HERERIZS] &I &N Ty 72 43, Axolemma D
BEEMIER- N T (Fig 1),

FEBU FEEMSNC B v T control TEAMKIZIR 2
S itz Ranvier 850  Whid 20% (RN T T EAHR
o T (Fig 12),

4) FEHAEEERIC L % Ranvier KBHOE
1t

LB EMEE 5%, 8%, 12%HEL 8D
Ranvier i O I EERIZ L% teased fiber % >
TEZE L. Ranvier 8GO E T O 5 BB
FUMETL 7z (Fig. 13).

[. GG myelin I3 A EAY dhig = &
LWL L0, 1, REHEREs EfEant
WA SEHEERED 1/2 AT TH 9, myelin O8I 4E

Fig. 8 Teased fiber preparations of nerves with femoral lengthening of 209%. A ; Nodes of Ranvier of sciatic
nerve were stretched, while in the tibial nerve (from the lower leg, B) the nodal gaps were not enlarged

so much. (X 200)

Fig. 9 Longitudinal section through nodes of myelinated fibers. A; Control nerve. B; Nerves stretched by
femoral lengthening of 20%. Note that the nodes of Ranvier were elongated in continuity. (Toluidine

blue. x400)
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%

%

o
T2 3 ¢ 5 6 7 8 9 1611 67 13 §4 15 (6 17 18 19 20 21 22 (g}

Fig. 10 Outer diameter histograms of myelinated
fibers from control nerves (open symbols)
and from nerves elongated by femoral
lengthening of 20% (solid symbols). In
the controls, two well defined peaks are
seen. In nerves stretched by femoral len-
gthening of 20%, the myelins are reduced
in size.

Fig. 11 Electron micrograph of a longitudinal
section through a node of Ranvier from a
nerve stretched by lengthening of 20%.
Note that the nodal gap is enlarged, while
the axolemma (arrow) maintains continu-
ity. (x2000)

- o

i, B L TR s

Fig. 12 Scanning electron micrograph of nodes of Ranvier. A : normal nerve. B; Femoral lengthening of
20% causes the node of Ranvier to become ill-defined. (x 2000}

BEBEHLMRYRE->TVA LD, I, KIS
EHIFEN T3 HMEERED 1/2 UWTTh D3Ik
HErkoERELZ LD, N, RRmHERSHREE
Zo1/2~1 g Tco@WATI EMIshiz D, V. &
LR sSREEFRU LS g BT anc b0,
Control B (JE{EREAEA) Tk Table3n Z & <,
I8, 11828 99.2% (n=369) TH »72. S%HERIC
IR, IR 90.5% (n=220) TH Y, 8%{HERIII
Rps89.7% (n=136), 12%HEREFICIZIVE, VA
86.7% (n=220) TH o7z, BlEX DV EREREN
RS EHEIND 8% DD 5 Ranvier KD

EBFRELSECED R%EE T L D BEERLEL
BEHZDBIEMNTET:,

KEBF 20%ER 2 HMEFREOKBERLEME T
it, VR 68.8%, VAI23.7% (n=160) & iEHBED
12% (8RR & 1ZIFVTEIL Tz,

5) KERE 20%IER 5 OB, 3BMOBARENEE

AEEE 20% R % 2 BRI L 2 #k% 5 8
Bd toluidine blue #@ITA T3, Waller ZTH&%
BB, HoTbbFnkkbDs%Eh o, —
DOEFEAIIZHEERP, WEROBRERECEN 245
YOVERE L, BEMZE -EHEHE L OMcRE
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HORBELELLD DL H b, —EDHRAIZFE
iz otz, Teased fiber Tk (Fig. 14), FIFIE
EOBHE & B ERICBR L demyelination % 4
U 7o 5R4E & DYBAE U Tun 7z, Waller M % 4 U7 B4
et s T niddnd o7, endoneurial tube i3

\' (% 200)

BRUEFEEER> Tz,
3BEOMBER TR (Fig. 15) RHEEEIRI LA

FEMSES L UBEBIErBb¥ 2/ NMEORHE

PIBTET 2 EEAN AL NI,

v # =3

1, SBEHEOMHERFICOLT
RAEOVEMRILEVRYH O ARARHE
FTRLBETCHESIL, ETREZ 500, PCIHES
BCIIERE, RESCHBRMEECEESL, F1FK
BE B TRBHER S CREFEMRIEVuTRY
B EER THERO I ORMICEI A NE, L
Do CRARFHE & D RBRTE & L THBEBENE
L&, —H, PCIHEEBTIRRBAMEZ & VI HHES
iR T % e O BYIE S o BHER EEI & TRty
FwERkans (Fig.3), chsickh PCRKE, FERK
EREOEREORIBIRELT 24, LEYED S KL
FIH & TOEMITE 28, KBBAGE & H KR
DBEERIZ PCHRE, RSECrobLLTRIZRLT
HY, FERICBII2HMEOEHIEDLD T
LEZ 5N,

Fig. 13 Our classification of nodes of Ranvier in
teased fiber preparations.
1 : Normal apperance of a node of
Ranvier.
II : Node is slightly elongated, but the
paranodal region maintains the normal
contour.
Il : Node is stretched to less than half the
thickeness of the myelinated fiber and the
paranodal region is sraightened due to
the tension.
IV : Node is stretched to longer than half
but less than the full thickness of the
myelinated fiber.
V : Node is stretched to longer than the
thickness of the myelinated fiber.

Table 3 The results of classification of the nodes of Ranvier in the elongated nerves.

rssics I I U v v
Control 71.0% 28.2% 0 % 0.3% 0.5%
5% 32.3 58.2 45 5.0 0
8% 0 8.8 89.7 1.5 0
12% 0 0 13.3 56.2 30.5
20% femur* 0 0 7.5 68.8 23.7

*femoral lengthening of 20%. The other nerves were isolated and elongated.
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8.3+ 2 4% DRI & O BB HEEL, 6%
ETHFREERLLOBEMORBEDO S 15720 D
2HBELTVS, %512 Lundborg 5'9 (3 sk E

Fig. 14 Teased fiber preparations. The sciatic
nerve 5 days after femoral lengthening of
20%, which was maintained 2 hours. A ;
Some fibers show paranodal demyelina-
tion. (X200) B; The endoneurial tube is
maintained in demyelinated fibers. (X 100)

8% THIEIRD S0% LA L MEiET 2 s 2 L7,
Z % lower stretching limit WA T 5,

HRIEHHCBIL T ZDEIC DO TH— SN BEEH
BonTuixwLDd, DEBREHEOEIEEH
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NBRIBE LI TR E, MERBFEOTIHL L <X
EEL EOMOERENSINb > b DB E LI LD
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BORS e BERL L, WEOEENEE IR
B LESOICERAMA 2 T 7 A EERL ..

PEERED)IC & 0 M iR BESIIbL D, RAEKE %
PR B R R AL C R PBEET % 90" B T d EHEE D 5%
i DMREHSINH 5, %7:% DK Fontana @ spiral
band? ix#% L T 0 (Fig. 16), I idtsRiguins>
ROWELRVERLL I L 2E%T 5. KBRE
0% ERFPROBRFE YN SKTH L4, BRER
FHELS L UBERENELERD b o7, DED
HhBI#C £ b @ straight leg raising test (3E{LL 77
Bfiikh & 58 TH SUFBOBMREIMbNBEH, *
NRBEBHTHEO ERTHYEEREC 2L, —F,
0% BER TIIIFREE 12%ThHy, BEREEEH
¥ (Fig. 5, 6) BB L EL»nD stz (Fig.
8,9,11, 14, 15), 10% & 20%IEERED ¥ N ZF N OHIEE
BREEE Fig.3 0 8B THERE N, LznoT
COEEERIBHEOBRALHEL 72, BREEEET
LHFHRBEGC BV TY, RAOBENESC LM
DLEEORAEZBR I L 25 CHRBEREDER

Fig. 15 Photomicrograph of a transverse section of the peroneal nerve 3 weeks after femoral lengthening of
20%, which maintained for 2 hours. A ; There are two contrasting areas ; one has a normal apperan-
ce and the other shows a mixture of large fibers and small fibers (% 100). The latter fibers seems to
have regaenerated at high magnification in B (Toluidine blue. X 400).
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Fig. 16 A, Photograph of the spiral bands of
Fontana. B, The spiral bands of Fontana

disappeared when the nerve was elongat-
ed by 5%.

EnHbrEZON, IOBRERSLLTEETDH
b rBEbnil.

3. MRERIBEORERFIZOVLT

ek, BECIDHBRCGEEREECTHEICY
»ivbh 6 TIHERBEENELEEET 5 I L3 EHE
THd EDBRMBE» > /43, Shneider'® L 4 21D
DGR R Au o EB» S, WE (Ranvier &£
BRI MNERINLERELTW 5.

AERE 20%BER W & D& U 2 #EHRIBETE, O
Bl 2 HROTRMEMEE: BNELEHET S
b, JDBEURIBETE#%&L: (Table2), ZOI &
Do RAMBREOEbH TRAK LU 2 BREBFHE
{LOFIREA I, FHMEF LY SERARF LD
RELHEELTwE EEZ SN

ROV EZNEE» SR 2 8% FER L2 E
%z Ranvier IREGIRICBRBNH D a0, 12% HERE
WS EERER 0SB S ZF T E Tz, T b b,
Ranvier RBRIDO L IE ESEBFEHNER S LE U
ERTELKEDTBY, BEFHERR L EXERTN
AL —E LT Z L i3 & b THRKE,

o5 A, SERCBLUBESENELEED
fbDTh, FRBREOELSEGTH D REEHOZE
idE s A ERD s o7z, 72 histogram T3 568
BROEEOA%FD, WRBCEEESEhoZ L
EERTEZD &, 20%HBREOEMNZIE Ranvier
BRERIOBBRAE LV EOREE 2T G0
EUlleEZoNT:.

4. HHEREBRBHOFRCOVT

KERE 20%EE 2 BFRIEEDIZ & A K OfRHEIC Ran-
vier SEREN DR £ & 1205, B W A RSV
<, RERFTTHHZETH -7z, HEHERBORE
WOLTRERMICESD D HLSTLL—HRTIRE
Mo Trhs, ML 54T endoneurial tube (3R
T8 Y, Sunderland S O 1 EB LU IER
BORBELLbOEEZ SN,

{HRICHT 5 REREHE & NERME - 0 BIEMICEIL
T, Sunderland'® 34IEBE LEBBE LTI 5 &

~, NEBHEOBIBEERELTWS, 20%FER
5 BEE, 3MEEEO AKERERC i) 5 nerve action poten-
tials IREOET 2 A - BERUEEFERZIFIEETD
N, TEHESEETIC b RERARHME I/ MERRYE LR L TR
NTWw3 &> THh-7, Landon' |3 Ranvier K i#xHE
BROMSER N T G I/MEREIR Y REVLEL
Twa, BEOTES Ranvier RBRETHB L ELN
WNEBEHEE VEBEXZUR T R s, IMER
HOBBEEEMTTZ2HOTH S,

BEOEHEECEL T, EEETNTOBRENE
Mg REELRET 2 Z L 2L LT 2 KHE
ERREL S, & SWIBLIOBEICE, SBERS
fie© iz, 20%BRR% 6~12 BRERFT 2 & MEm
WRIFAIAE L, & 5WFE T 0L Waller ZME2FE
By, ZOEWIZRENRFOEENRE L LK
ELTws, BEBHEOREREREDAL ST, ##
BaxhaEicbBEsn2 cEL SN,

5. AMMRORRBCOVT

MR WAl - e BRI EBRER LBl 5
TLRERICEG 5 EREITLINTHE, LALE
FH DT - 10 LR B O R T ARBREB W 0 - 7o {8
BB & 8 2 THRARER, TR IIERER
Bz Cikvipof, WHERKEEENLE, &<k
HABEESTCE L, MR EABBREECOE
DNEESNTWD, SoBHARTIRECKKKREY
MRBMED S RDBEY D B0, Mz ohi {4k
BIOWTHEBFL, S5 BROMZSNIMO &
D PR B & URBEIOBT S b 5 2 &2 & DB
anzys, EELUTHET 2BHABEOBEEROMT
ERTA:EZ26NE, ZOLDBRLPEFROES
S, SHEEREEFREMICRER D st w O FiREN S
B EERMERED 8B UT * A HEHROL L
BOEEET 2 SRS EE L

EbswThReEVIATTIHL TE, BEHL



1052 +

Bz % 5 entrapment point ORIRFIME L, BEE
HERDILOEUOERES LD BN,

Vi #

£R
an

1) KON BREBRGICB T 2 RE T HHET
PEBMTRAAIBELEREL, MEORBBREETK
HHZIRTE L 203 o BRI U EMB IR SN 5
FERERL 7,

2) KRB SEEHOMZEMEZRIN%TD
9, WHEEROMEMERIH 2B TH T2,

3) RERE I0BEERBCEERLEBENE L UF
BEFEHIEE A SNz p o b, 0% ERCEEY
fEErD, BEFHCE Sunder land M0 1, 1T
BREMBELLLDTH-7. UEL D ABREBER
10% & 20% & DR T H 2 iR fBR 8% & RiEHEia
BOBRS L HE L.

4) WEHEEO teased fiber BiX L 2BEWK B L
T, 8%{EERH S Ranvier MO S IELH
HE D, 12% MR Ranvier fEERs5] & fRiXs
NTwiZ k), BREBEENEL L BEXHRL
EOEMEEEHEL . .

5) W0%BER B2 BERROBERERFMNEL
i, DML & 5 2 MAMEE s DY 5, HIEF
L O BBMETFOEERKELLEEL SN,

6) 5B, 3IEBOBRERFNL S UVKBEF
FIEREH, o, HRIBHEICBL TIHARREM L D /ER
O BEREVEVLEEbAT,

7) KREHEIEEEECEEEINTHLE I LS
wize, SEEE SRR - 15E I, SERERIMR
HHEED 8% TEARMROTEHOBE £ 0 rtE
Brda2eMTEbEERR,

Mrgzsedry, JiEH, IREEEVNE
FRERBCERC-LET. 2EB0oMBebi
D CHGHTEY AR T ORESET I O S BELE R L B
FT LB, RBIHEET S - LFERRBEEIRIC
FEHnurLET, 261, 5 & ZHmATAV TN
HEELE L & VICFRED AL BSHOBER BT &
7.

(FAXOESWHE L, 2 EAEFERARERERT
WESTBWTEERLR,)

> -
[N

=

S

=)

X ik
1) Refa 28R . RBwiRES B+ 5 EERMTTFE

-HEERE W & A MEMERETC oL T, PEEE

5E, 28:2199-2210, 1985,

2) Clarke, E., et al.: The spiral bands of Fontana.
Brain, 95: 1-20, 1972.

Denny-Brown, D, et al.: Effects of transient stret-
ching of peripheral nerve. Arch. Neurol. Psychiat,,
54 : 116-129, 1945.

Desaki, J.: The overall morphology of neuromus-
cular junctions as revealed scanning electron
microscopy. J. Neurocytol., 10: 101-110, 1981.

TEFRE M KM ERIBLIC Y 5 Ry
% (B 18R, A%SEE, 61:s5134, 1987,

TEFRE . REEERES T 2 ERT
3 O(E23k). A2, 625164, 1988,

Dyck, P.J., et al.: Peripheral Neuropathy.
ed., Saunders, Philadeiphia, 789-823, 1984.

Glees, P.: Observations on the structure of the
connective tissue sheaths of cutaneous nerves. J.
Anat., 77: 153-159, 1943,

Haftek, J.: Stretch injury of peripheral nerve. —
Acute effects of stretching on rabbit nerve. J. Bone
Joint Surg., 52-B: 354-365, 1970.

BANFIHE i R MRIAcE s 2 By
P (B 3%). B¥=EE, 63151130, 1989,

Highet, W. B., et al.: The effects of stretching
nerves after suture. Br. J. Surg., 30: 355-369, 1943.

R EREHEEREQCB T 2B EH
— R & T ERRAIRTSE. B¥2EE, 581 307-322,
1984,

BREE i REmEERIECET 5 ZE
% (F48). BESEE, 6351131, 1989,

Landon, D. N, et al.: Ultrastructure of the node
of Ranvier. Nature, 199: 575-577, 1963.

Lundborg, G., et al.: Effects of strectching the
tibial of the rabbit. — A preliminary study of the
intraneural circulation and the barrier function of
the perineurium. J. Bone Joint Surg., 55-B: 390-401,
1973.

3)

4)

5)
6)
7 2nd

8)

9)

10)

11

12)

13)

14)

15)

16) HBREE ! £B¥. F 16K, OLE, R, 76-84,
1973,
17) hEZM i BRSEEEFEAR., BRAXEE

BHBARER, R, 241-260, 1980.

BREBE | FHMEOEBIERE T 2 ZEWLT
72, E¥HZE, 36 172-188, 1966,

Sunderland, S.: Nerves and Nerve Injuries. 2nd
ed., Churchill Livingstone, New York, 151-157, 1978.

IWHE ¥ FRELBHEOHREBETICE T 2EA
SRENL S VUBEENELRCET 2%, BES
3, 61:217-231, 1987,

18)

19)

20)




Laminin (2 & 2 BEWENFEE

RERFEBIBEEE
1w H Hell ¥ B X
bR E =R

Acceleration of Regenerating Nerve with Laminin

Satoru Yoshii, et al.

Department of Orthopaedic Surgery,
Faculty of Medicine, Kyoto University
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Experimental Study of Neuronal Cytoskelton :
Its Change During

Takashi Endo, et al.

Department of Reconstructive Surgery,

Institute of Clinical Medicine,
The University of Tsukuba
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Choice of Treatment for Degloving Injuries

Shuichi Ishihara, et al.
Department of Orthopedic Surgery, School of Medicine,
Kitasato University
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Changes in Diameter and Length of the Autogenous
Vein Graft Following Microvascular Anastomosis

Keito Hashizume, et al.

Department of Orthopaedic Surgery,
Kinki University School of Medicine
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Radiological Assessment of Axial Dynamic
Change of the Wrist by a Strong Grip

Toru Nishiyama, et al.

Department of Orthopaedic Surgery,
Kochi Red Cross Hospital
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A New Procedure in Treating Mallet Finger
with Bony Fragment

Hiroyuki lida, et al.

Department of Orthopadic Surgery, School of Medicine,
Fukuoka University
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Nerve Blocking Therapy for Reflex
Sympathetic Dystrophy

Bunkichi Wakasugi
Department of Anesthesia, The Jikei University,
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ADL

ADL disturbance

APL tendon

ATP

ATPase

abdominal pedicle flap
abductor pollicis longus
activities of daily living

acute flexor tenosynovitis
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anatomy
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anomaly of the hand
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treatment 103
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definition
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denervation atrophy
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developing hand plate
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diagnosis
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artery
sympathectomy
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disease subset
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dislocation-fracture
distal arthrogryposis
motor latency
phalanx
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sensory latency
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elbow
flexorplasty

elderly patient
electrophysiologic study
elongation
embryo
emergency
end plate
endothelium
energy metabolism
entrapment neuropathy 41,
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epicondylitis
epidermoid cyst
epiphyseal-plate transplantation
etiology
euro-collins solution
evolusion
experimental study
extensor carpi ulnaris tendon

compartment

indicis proprius

pollicis brevis

longus tendon
tendon

extremity
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5-bromodeoxy-2'-uridine
5-fluorouracil
Freeman-Sheldon syndrome
fasciocutaneous flap
fibrofatty proliferation
fibromatoses
finger
injuries
reconstruction
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injury
skin
replantation
first dorsal interosseous
extensor compartment of wrist
flap
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929, 1024 flexor tendon 528
456 injury 485, 519
202 tendon/finger 533
373 follow up study 867
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794 four elements as evaluation of painful digit 70
238 fracture 694
34 and subluxation 672
54 non-union in the upper extremity 193
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335 hand insertion 727
546 muscle transplantation 998
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guanethidine ointment 87
803 (H]
794 Herbert screw 727, 731
826 hamate bone 722
228 hand 99, 382, 437, 551, 558, 699,
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546, 685 function 759
847 injury 740
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211 surgery 862, 888, 990
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473 hemophiliac hand 888
842 homophilic arthropathy 888
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crossing 998
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intra-articular fracture 649, 672
intraosseous nerve transposition 74
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intravenous regional anesthesia 107
ischemia 165
ischemic-reperfusion injury 170
island flap 836
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joint allograft 177

transfer 1011
junctura tendinum 505
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Karnovsky staining 45
Kienbock’s disease 120, 247, 257, 745, 750, 754
(L]
laminin 1
lateral elbow pain 335

humeral epicondylitis 573
latissimus dorsi musculocutaneous flap transfer
406
leech 224
ligament injury 645
reconstruction 705
limb preservation 174
lipofibromatous hamartoma 537
little finger 533
load transmission 606
longitudinal deficiency 807
low energy laser 573
lyophilized dry nerve graft 21
(M]
M. flexor carpi ulnaris brevis 616
MRI 247, 266, 426
Mobergs method 453
macrodactyly 537
major histocompatibility antigen 177
malformation 794
malignant tumor 558
mallet finger 667, 672, 677
tracture 667
malunion 629
medial epicondylectomy 355
plantar flap 228
nerve 537
metacarpophalangeal joint 689
microneurosurgery 412
microscopic architecture 770
microsurgery 58, 177, 181, 198, 211, 224,
983, 990, 994, 1006
microvascular anastomosis 983
surgery 1011
system 775
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misdirection
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monoarthritis
morphology
motoneuron
motor neuron

recovery
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multiple analysis
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muscle-tendon unit
musculocutaneous flap
musculoskeletal
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Neviaser method
Neviaser’s tendon transfer
nail bed injury
nerve conduction study
test
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fiber size
graft
growth factor
implantation
injection injury
injury
regeneration
repair
suture (two stage procedure)
neurectomy
neuroma
neurotization
neurotrophic factor
neurovascular island flap
no man’s land

no roentgenographical change

216
74
30, 394
351
577
1041
49
30
34
794
111
170
159
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1015
916
228
554
58
58

443

448

694

339

346
355, 369, 377
62

11

1, 17
34

41

111, 430
1, 11, 26, 30
11

11

78

54

401

17

140, 850
528
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non-suppurative 382
numbness 369
(0]

Oligosyndactyly (Os) 794
occupation 920
occupational therapy 107
open reduction 660, 672
operative treatment 727,-909, 941
option of treatment : 941
organ culture © 477
ossification abnormality 1031
osteoarthritis 717
osteoarthrosis 929
osteochondroma 462
osteocutaneous flap 189, 853
osteotomy 660, 685, 1031

of the radius 745

(P]
pain 87, 390, 899, 905
painful amputation stump of digits 70
neuromas 74
paresthesia switching 850
passive tension 586
pathology 822
percutaneous reduction 663
perineuriam 21
peripheral circulatory disorders 924
nerve 6, 62, 78, 1041
gap 1
injury 11, 115
neuropathy 339
phalangeal bone fracture 663
phalangization 871
phenoxybemzamine 103
physical therapy 107
pinch strength 590
piso-triquetral joint 717
plexus injury 417
plus variant 606
pollicization 145, 871
posterior interosseous artery 189
nerve 82, 335, 1024
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postoperative results 524
predegenerated autograft 6
pressure distribution 611
sensitive film 611
prevention 916
of hand disorders 920
primary repair 528
suture 524
prognosis 355
proliferation kinetics 803
pronation contracture 433
pronator quadratus 754
proximal interphalangeal joint 645, 649, 654,
660, 663
phalangeal fracture 681
sprouting 62
psychogenic factor 107
psychosomatic disease 933
pyogenic tenosynovitis 582
[Q]
quadriplegia 453
(R]
Raynaud’s phenomenon 91
radial forearm flap 853
head 832
nerve 1024
ray deficiency 788, 807
shortening 754
radiocarpal arthroscopy 253
joint 606
radiographic parameter 634
radius fractures 611
ratio of the radial to the ulnar length 784
reconstruction of elbow and forearm 394
of the hand 228
reconstructive procedure 422
recurrence 351
reducible crosslinks 481

reflex sympathetic dystrophy 78, 95, 99, 103,
107, 899, 909, 913
regeneration 6

regional intravenous block 95

guanethidine
rehabilitation
rejection
replantation
of digit
resection
result of treatment
results of surgical procedure
retrograde axonal transport
degeneration
reverse flow flap
island flap
vascular pedicle
rheumatoid arthritis
wrist
rigid pollux
risk factor
root avulsion
rotation deformity

rotational displacement

[s]
SEP

Sauv’e-Kapandji operation
Schwann cell
Semmes-Weinstein monofilament
Steindler procedure
Sudeck’s atrophy
saline neurolysis
sarcoidosis
scaphoid fracture
scaphotrapeziotrapezoidal fusion
sensory evaluation
flap
nerve conduction velocity
recovery
reeducation
serve cases
severe injury
short ulna
shoulder-hand syndrome
silicone tube
site of injury results of operation

skeletal muscle

99

430

177

207, 211, 990
220

709

735

390

49

62

140, 189

853

836

509, 562, 569
565, 569

937

920

390, 426

685

681

115

713

6

364

456

78, 103
41

554
247, 727
750
111, 364
853

364

234

850

359

735
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skin

defect

coverage

flap

mechanoreceptor
sling
small fragment

joint arthrodesis

snapping finger

thumb and fingers

social role
soft tissue neoplasm
tumor

spinal evoked potentials

splint therapy for the diseases of the wrist

splintage
splinting
spontaneous rupture

sports

stabilization of the ulna end

statistical analysis
stellate ganglion block
stener lesion
stenosing tenosynovitis
tenovaginitis
stress distribution
stretch
stump
pain

subcutaneous surgery
subepineurial hematoma
subluxation
subungual
success rate
supination contracture
suppurative tenosynovitis
surgical correction

treatment
sympathetic block
symphalangism
synbrachydactyly

synovectomy

120,

519,

842
836
140
862
1015
945
731
731
494
937
390
558
558
1041
884
677
494
513
699
565
879
99
689
937
499
884
1041
905
67
949
4]
667
542
207
394
582
433
689
99
798
812
565

(T]

Tajima flap
Tinel’s sign
tactile gnosis
tendon
injuries
sheath graft
transfer
tenorrhaphy
tenosynovitis
tension band wiring
reduced position
teratogenic mechanism
terminal conduction time
the aged
three dimension imaging
dimensional analysis
thrombosis
thumb
reconstruction
rotation
tissue necrosis
transfer
toe transfer
tracking task
transverse deficiency
digital artery
traumatic dystrophy
inclusion cyst
treatment

follow up

of pseudoarthrosis

triangular fibrocartilage

triangular fibrocartilage complex

trigger digit

finger

point

thumb
triscaphe arthrodesis
tubed pedicle graft
type A3 brachydactyly

1073

4317,

629,

542, 689, 705,
145, 189, 871,

262,

266,

857
115
234
477
509
485
505
533
582
672
509
788
364
386
243
842
983
763
994
602
216
1011
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812
836
913
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879
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(U]
ulnar collateral ligament 689
head 569, 709
nerve 359
palsy 443
palsy 448
ray deficiency 807
shortening 713
tunnel syndrome 346
variance 120, 784
wrist pain 253
ulnocarpal abutment 713
ultrastructure 477
unilateral S flap 857
universal subcutaneous endoscope 949
unstable fracture 641
upper extremity 198, 554, 909, 916, 1006
uremic neuropathy 377
uric acid 165
urokinase 207
(V]
VATER association 788
vascular bundle implantation 181
injury 412, 986

intima 983
vascularity 842
vascularized bone allograft 185

graft 181, 189, 1006
joint graft 177
transfer 181
muscle graft 58
nerve graft 17
periosteal graft 193
tendon graft 853
tissue transfer 202
vein graft 91
vibration disease 779, 924
reflex 1015
syndrome 929

(w]
WGA-HRP 30, 49
work load 759
wrap-around flap 871
wrist 243, 247, 257, 462, 577, 616, 779
joint 131, 611
pain 82
motion 594
wrist-moving muscle 586
writer's cramp 933
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