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Staff Meeting Report

Problems III Reconstruction of the Paralytic Hand*

David G. Skagerberg, M.D. t
and

John H. Moe, M.D.l

INTRODUCTION

The restoration of a hand crippled by irreparable nerve injury
presents challenging problems. While many of these problems are
broadly similar to those presented in a hand ravaged by trauma or
infection, certain characteristics are peculiar to the paralytic hand.
When kept mobile by adequate physiotherapy, the gliding mechanisms
are intact; the tendons of paralyzed muscles are available for attach
ment to new motors; and the digits are intact, ready to be actively
mobilized. Such a hand commonly has adequately functioning mus
cles in the near vicinity which may be substituted for lost motors
without requiring the preliminary excision of cicatrix or replacement
of skin covering that may be necessary after local trauma or infection.

This paper will report a number of cases to illustrate common
methods of surgical reconstruction in paralyzed hands. Eleven of the
patients are drawn from those treated at the University of Minnesota
Hospitals since January, 1957, and one is from Gillette State Hospital
for Crippled Children.§ The intention is to illustrate the principles
of treatment in representative problems, rather than to analyze end
results.

MATERIALS AND METHODS

The cases which form the basis of this discussion include exam
ples of paralysis from traumatic, inflammatory, and neoplastic lesions
of various levels of the nervous system. Standard surgical techniques,
such as tendon transfer, tendon graft, tenodesis, arthrodesis, and bone
block were used. Insofar as possible, the basic principles of tendon
surgery, as demonstrated by Mayer and others,l,2,3 were followed.

0This report was given at the Staff Meeting of the University of Minnesota Hospitals on
May 8, 1959. •
tMedical Fellow, Division of Orthopedic Surgery
:f:Director and Clinical Professor, Division of Orthopedic Surgery
§Grateful acknowledgment is given to Dr. Lester Carlander for the opportunity to in
clude one of the patients from his service at the Gillette State Hospital.
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Since they have a fundamental bearing on the entire management
program of the paralytic hand, these concepts bear repeating:

(1) Prior to surgery, adequate physical therapy must be given
to affected muscles to secure maximum return of function. (2) Trans
ferred tendons must not be expected to do the impossible; bony de
formities and contractures must be corrected before tendon surgery
is attempted. (3) The course of the transferred tendon must run
through tissue adapted to gliding. (4) Normal insertion into bone
and cartilage must be imitated. (5) Normal tension of the trans
planted tendon must be re-established. (6) The line of traction must
be such as to allow it to do the work of the paralyzed tendon. (7)
Early motion is important to prevent adhesions and tendon degen
eration. (8) The transplanted tendon must be protected until it has
become strong enough to do its intended work.

In correcting paralysis and deformity in the hand, it is necessary
to consider the patient's total needs and abilities. A transplanted
tendon or a fused joint must not interfere with important abilities
so as to cause a net decrease in the patient's independence.

In accordance with these principles, each patient was given ade
quate preoperative treatment to produce the maximum return of
muscle function and to correct any structural deformity. Usually this
involved physical therapy combined with splinting; occasionally, pre
liminary surgery, such as capsulotomy for contractures, was performed.
Mter surgery the hands were splinted, and muscle re-education was
started as soon as tendon healing was progressing well. Active exer
cise was initiated three weeks after surgery, and protective splinting
was usually continued until the seventh week.

CASE REPORTS

The patient in Case 7 was treated at Gillette Hospital; all others
were treated at the University of Minnesota Hospitals.

Case 1
Age 25. Cervical cord injury in 1953 from fracture of C5 and

C6, resulting in quadriplegia. Evaluation in 1957 showed intact elbow
and wrist motors bilaterally except for the ulnar flexors and extensors. The
only active finger motors were the extensors digitorum communis for the
medial three fingers bilaterally. Both thumbs showed complete extrinsic
and intrinsic paralysis.

In December, 1957, the left pronator teres, lengthened by a free graft,
was transferred to the profundus tendons. A Riordan opponens transfer
was carried out, using the left flexor carpi radialis and the brachioradialis
was transferred to the tendon of the flexor pollicis longus proximal to the
volar carpal ligament. Mter surgery the transferred tendons became bound
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down by adhesions, especially in the opponens transfer area. The adhesions
were lysed in March, 1958, but full function was never atained. Examina
tion in March, 1959, showed abduction of the thumb limited to H4 inches
from the palm. There was no true circumduction and opposition, only
apposition. The long thumb Hexor was moved strongly by the transferred
brachioradialis, but it could not be extended from the Hexed position with
the elbow fully extended. With these limitations the grip was quite strong.

In October, 1958, the same procedures were carried out on the right
hand, except that the opponens transfer was omitted at the patient's re
quest. Examination in March, 1959, showed good Hexor function of the
fingers and thumb. The thumb Hexor transfer was less tight on the right
than on the left hand and did not completely Hex on extension at the elbow.
The patient used the left hand for strong gripping and the right hand for
various Hat-handed manipulations such as washing his face or pushing off
from chair or bed.

Case 2
. Age 26. The patient sustained a cervical cord injury at C6 level

from an automobile accident in 1952. The resulting spastic quadriplegia
left him with no wrist or hand function other than that of the wrist exten
sors. Frequent involuntary spasms pulled the hand into a claw hand atti
tude, and hyperextension contractures were present at all metacarpophalan
geal (M.P.) joints. In July, 1957, modified Bunnell capsulotomies were
performed on the M.P. joints of the left index, ring, and little fingers. Cor
rection was maintained postoperatively by splinting and daily physiotherapy.

Examination in March, 1959, revealed a moderate pronation contrac
ture of the left forearm. The pronators were poor and supinators fair.
There was a moderate radial deviation contracture at the wrist and the
only active motors were the extensors carpi radialis longi and breves. Only
the little finger M.P. joint showed a mild contracture. All interphalangeal
(I.P.) joints had moderate Hexion contractures. The thumb-index web was
somewhat contracted, limiting full abduction, and a mild contracture was
observed at the first carpometacarpal joint limiting full circumduction by
about 20 per cent.

Case 3
J Age 20. The patient sustained a cervical cord injury in Septem-

ber, ll:J:JO, from a fracture dislocation of C5-C6 in an automobile accident
from which there was a residual quadriplegia. The patient was first seen
at the University of Minnesota Hospitals in October, 1957. Initial examina
tion showed spastic paralysis below the C6 level. Right upper extremity
had normal shoulder girdle muscles, elbow Hexors, forearm pronators and
supinators, and radial wrist extensors; triceps was rated good. The left
upper extremity had normal shoulder girdle muscles and radial wrist ex
tensors; the triceps was poor; the pronators and supinators were fair. All
other upper extremity muscles, namely, the extrinsic and intrinsic muscles
of both hands and wrists were paralyzed.

A dorsal rhizotomy performed in March, 1958, relieved most of the
spasticity. In July, 1958, the left sublimi and profundi were attached by
tenodesis to the distal radius to provide automatic finger Hexion on dorsi
Hexion of the wrist.
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Examination in March, 1959, showed the left upper extremity to be
essentially unchanged. On dorsiflexion of the wrist the fingers and thumb
Hexed strongly. On passive wrist Hexion the fingertips opened no more
than three inches from the palm and the I.P. joint of the thumb hyper
extended. This maximum opening was possible only by forced passive
flexion of the wrist; when the wrist was volar-flexed solely by gravity, the
maximum opening was reduced by 50 per cent. The patient used the hand
only to hold small objects.

Case 4
Age 20. Quadriplegia developed in this patient secondary to C5

fracture in July, 1956. Preoperative examination in 1957 showed that
finger Hexor and thumb function was absent in both hands, except for fair
power of the right adductor pollicis. At surgery in March, 1957, the left
Hexor carpi ulnaris was transferred to the Hexor pollicis longus, and the
brachioradialis was transferred to the profundi of the long, ring, and little
fingers. A postoperative infection with coagulase positive staphylococcus de
veloped, producing tight adhesions of the tendons. The adhesions were
lysed in March, 1958, and arthrodesis of the left first carpometacarpal joint
was performed. Examination in January, 1959, showed the thumb to lie
in excessive extension. Very little motion of the transferred tendons had
been gained.

Case 5
Age 27. The patient had had polio at age 16 in 1948. When

first seen at the University of Minnesota Hospitals, in 1957, the patient was
confined to a wheelchair with quadriplegia. The right upper extremity
showed a flail shoulder and elbow except for fair internal rotators of the
shoulder. The wrist had no active dorsiflexion but fair flexors. Finger flexors
were poor to fair; extensors were good. Interossei were inactive except in
the long and ring fingers. The thumb had a fair long Hexor and long ab
ductor, but no opposition power. Metacarpophalangeal joints were con
tracted in hyperextension and J.P. joints in Hexion.

The left shoulder was Hail. Left elbow extension was inactive, but the
biceps and brachioradialis were fair. Wrist Hexion and ulnar power were
fair; radial extension was poor. The finger Hexors were poor to good, the
weakest being the index. The interossei were essentially ineffective. Thumb
function and the claw deformities of the fingers and thumb due to contrac
tures were similar to those of the right hand.

Dynamic splinting and physiotherapy corrected many of the contrac
tures. In September, 1957, modified Bunnell capsulotomies of the meta
carpophalangeal joints of the left thumb, index, and ring fingers were per
formed to correct residual deformities. The contractures of the left thumb
and index finger recurred. In November, 1957, a capsulotomy of the index
finger was repeated, and the metacarpophalangeal joint was temporarily
transfixed with a Kirschner wire in 90 degrees Hexion and 10 degrees abduc
tion. At the same operation, the left thumb metacarpophalangeal joint was
fused at 150 degrees. In February, 1958, the right wrist and right first
carpometacarpal joints were fused.

Examination in April, 1959, showed that the shoulders and elbows were
unchanged. The right wrist and thumb carpometacarpal joints were solidly
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fused in a good functional position. Flexor pollicis longus power was good,
and the patient could hold a pencil in a useful position. The left hand had 1
fair pinching and grasping power. The extensor longus, abductor longus
and flexor brevis of the thumb and the sublimi all had fair power. The .
finger M.P. joints flexed to at least 90 degrees and a slight abduction con- •
tracture existed at the index M.P. joint. The M.P. fusion of the thumb was •
solid. Wrist extensors were inactive, there was limitation of wrist dorsi- I..
flexion at the neutral position, and a light metal cock-up splint was used to
stabilize the wrist.

The patient was able to manipulate only small and light objects even
with the aid of counterbalanced deltoid aids attached to her wheelchair.
She needed some help in dressing, wflshing, and eating, but she was able
to write well with a pen or typewriter.

Case 6
Age 26. The patient had had polio in 1946 at age 13, and she

was first seen at the University of Minnesota Hospitals in 1955. Examina
tion showed paralytic scoliosis and quadriplegia. The wrists and hands had
good range of motion except for bilateral limitation of radial deviation of
wrists and a hyperextension deformity at the right first M.P. joint. Power
at the elbow and wrist was fair to good in all muscles except for an inactive
left brachioradialis. The interossei and lumbricales were fair to good bi
laterally. Function was absent in the opponens pollicis, bilaterally, as well
as in the right flexor pollicis brevis. The long thumb abductor was rated
fair on the right, and only trace on the left.

Opponens tendon transfers were performed bilaterally in February and
March, 1956, using the Thompson technique.4 The transfers allowed active
abduction but rotation of the thumbs was insufficient. In September and
November, 1957, both sides were reconstructed according to the technique
of Riordan. In June, 1958, the right extensor carpi ulnaris was transferred
to the tendon of the extensor carpi radialis brevis to prevent ulnar deviation
during wrist extension.

Examination in March, 1959, showed general weakening of the right
upper extremity, with the absence of right pronation power. Ulnar devia
tion deformity persisted but dorsiflexion was well balanced. The right first
carpometacarpal joint was unstable and tended to become locked in exten
sion, blocking the pull of the opponens transfer. When passively mobilized,
however, the thumb could be circumducted and opposed well. The left
upper extremity was essentially unchanged, except for the thumb. The
opponens transfer functioned well, but flexion of the I.P. joint of the thumb
was markedly limited. The patient considered her left to be her better hand.

Case 7-Gillette Hospital

Age 10. The patient had had polio at 11 months of age in 1949
and was first seen at Gillette Hospital in 1953. Polio residuals included
scoliosis, flail lower extremities, weakness of the right hand and wrist, and
loss of left thumb opposition. Preoperative examination in 1953 showed fair
extension of both M.P. and J.P. joints of the right thumb. The right wrist
had good extensors and a good flexor radialis; fingers showed only weak
extension of the M.P. joints. Opposition of the left thumb was absent, and
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abduction and adduction power was weak, but the left hand was otherwise
normal.

In 1955, a left opponens transfer was done using the ring finger sub.
limis for a motor. In 1956 the right flexor carpi radialis was transferred to
the- profundus tendons. In July, 1958, the right brachioradialis was trans
ferred to flexor pollicis longus. An opponens tenodesis was carried out; but
the tenodesis did not hold, and in October, 1958, an opponens bone block
was inserted, using the Thompson technique.

Examination of the right hand in April, 1959, showed the bone block
to be solidified but not strong enough for weight bearing on parallel bars
or crutches. The thumb was in good position of opposition, and thumb and
finger flexor power was fair.

CasP R
Age 18. The patient had had polio in November, 1955, with

residual paralysis in all extremities and with bilateral thenar palsy. In
August, 1958, a Riordan opponens tendon transfer and a Steindler elbow
flexorplasty was done on the left. In January, 1959, a similar opponens
transfer was done on the right.

Examination in March, 1959, showed active opposition power of the
left thumb. The extensor pollicis longus and adductor poIlicis were good;
the abductor pollicis longus and first dorsal interosseus were inactive.
Grasp and pinch power were good despite the absent abduction power of
the index finger. The right opponens transfer was found to be active but
limited by contractures of the thumb-index web and the thumb I.P. joint.
The thumb tip could not be abducted more than two inches from the palm.
Both hands showed limitation of the proximal J.P. joint of the ring finger.
The patient was satisfied with function of the left hand. Function of the
right hand was continuing to improve with daily physiotherapy.

Casp Q

Age 12. Polio contracted at age 2 left her with residuals in
cluding right thenar palsy and paralysis of the first dorsal interosseus. In
June, 1957, a Riordan opponens transfer was made. At the same time the
extensor indicis propius was transferred to the insertion of the first dorsal
interosseus, and the brachioradialis was attached to the abductor poIlicis
longus proximal to the dorsal carpal ligament. Mter surgery it was found
that the transferred sublimis tendon hyperextended the first metacarpo
phalangeal joint during the act of opposition. The tendon was reinserted
at a more distal point on the thumb.

Examination in March, 1959, revealed opponens transfer and thumb
abduction to be working well. Index finger abduction power was minimal,
and the adductor pollicis was inactive. The wrist flexors and radial wrist
extensors were weak, whereas the extensor carpi ulnaris functioned nor
mally. There was an ulnar deviation contracture. When the thumb was
actively opposed, the wrist swung uncontrollably into ulnar dorsiflexion.
The patient had poor pinching power, and any type of useful grasping was
difficult. She stated that she always used the left hand to grasp.

Case 10
. Age 20. The patient sustained an injury to the left brachial plexus

in an automobile accident in October, 1954, resulting in residual paralysis
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in distribution of lower nerve roots (C7, C8, Tl). Functional return ap
peared to be maximal by April, 1955, when examination showed that the
flexor and extensor carpi ulnaris were poor, and flexor and extensor carpi
radialis to be normal. Flexor profundus was inactive; flexor sublimus and
the extensor digitorum cummunis showed only trace function. The inter
ossei and lumbricales, the long flexor and abductor of the thumb, and the
thenar muscles were inactive. Short and long extensors of the thumb showed
trace function. Adductor pollicis function was rated poor.

In August, 1957, the following transfers were made: Pronator teres was
lengthened by a free graft from a sublimis tendon and attached to all the
profundi tendons; brachioradialis was transferred to flexor pollicis longus
proximal to the volar carpal ligament; flexor carpi radialis was used as the
motor in a Riordan opponens transfer. In February, 1958, the extensor
carpi radialis longus was transferred to the extensor communis tendons and
to the extensor pollicis longus. At the same time the extensor pollicis longus
was rerouted at the wrist to pull from a more radial direction, and the first
metacarpophalangeal joint was fused.

Examination in March, 1959, showed muscle power essentially un
changed, except that no active motion could be elicited at extensor and
flexor carpi ulnaris or at adductor pollicis. The transferred extensor carpi
radialis longus strongly extended the fingers and thumb. The distal joints
of the fingers and thumb flexed strongly except for some weakness of the
long finger. The thumb opposed poorly and pinching with the index finger
was achieved only by apposition of the thumb and sharp flexion of the I.P.
joints of the index. The metacarpophalangeal joint of the thumb was solidly
fused at 150 degrees flexion. In the absence of active flexion of the meta
carpophalangeal joints, the fingertips could touch the palm only at the bases
of the fingers.

Case 11
Age 15. The patient sustained a laceration of the flexor surface

of the lett wrist in March, 1958, injuring the ulnar and median nerves. All
intrinsic function was lost. At exploration of the nerves in April, 1958, the
ulnar nerve was resutured and adhesions about the median nerve were
lysed. A Riordan opponens transfer was made in December, 1958, when
the ulnar nerve was again explored.

Examination in March, 1959, showed good opposition power of the
thumb with adequate pinch power. The M.P. joints flexed partially on
activation of the long flexors. Interosseous and lumbrical action was weak
but active. There was a mild flexion contracture of the ring finger proximal
J.P. joint, the insertion of the donor tendon for the opponens transfer.

Case 12
. Age 13. Left temporal astrocytoma at the age of four left the

patient with a right hemiparesis. Before surgical intervention the thumb
extensors were paralyzed, and the thumb could not be gotten clear of the
palm. In September, 1958, the right extensor carpi radialis longus was
transferred into the extensor pollicis longus, and the tendon of the extensor
pollicis was re-routed to cross the metacarpophalangeal joint more radial
ward.
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Examination in March, 1959, showed active extension of the thumb
out of the palm. Active dorsiflexion of the wrist was possible only to 10
degrees of volar flexion, although the wrist could be dorsiflexed passively
90 degrees. Because of shortening of the long flexors of the fingers, the
hand could not be opened except on acute volar flexion of the wrist, and
the patient used this hand very little.

DISCUSSION

Contractures

Structural deformity must be corrected before attempting any
dynamic reconstructive procedure. Fibrous contracture is a common
occurrence in long-standing cases and may also occur as a complica
tion of hand surgery. Mild degrees of contracture may be enough to
limit seriously the effectiveness of a tendon transfer. Mayer5 expressed
the belief that contracture in extension and adduction at the first
carpometacarpal joint was responsible for a large percentage of fail
ures in oppenens transfer. He recommended osteotomy of the meta
carpal in long-standing cases when capsulotomy did not restore full
motion. Intermetacarpal contracture of the thumb-index web may
also limit the effectiveness of the opponens transfer, as seen in Case
7. Irwin6 advised carpometacarpal fusion with the thumb in opposi
tion in cases of intractable contracture. When tendon transplantation
has failed and the thumb is contracted in extension and adduction,
an intermetacarpal bone block may be made. 7 Irwin8 has stated the
belief that this procedure is contraindicated when the patient must
use crutches or wheelchair. The excessive pressure on the thumb
index web invariably forces the thumb out of its opposed position
and out of a useful range.

Metacarpophalangeal hyperextension contracture is common where
loss of intrinsic function has led to a claw deformity. Stretching
exercises or constant tension splints may restore normal range of flex
ion. Normally the collateral ligaments are loose in extension and tight
in flexion. In addition the anterior capsule becomes loose in flexion,
allowing gliding of the phalanx on the metacarpal head. If contrac
ture of the collateral ligaments occurs in extension, particularly when
associated with adhesions of the anterior capsule, the flexion and
gliding of the joint is seriously limited.9 When conservative methods
are insufficient, capsulotomy with resection of the collateral ligaments
may give the necessary range of motion.

Case 5 offers an example of the successful application of the
capsulotomy technique, in which the extensor hood was split and
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retracted laterally and an elliptical piece was taken out of each col
lateral ligament.

Case 12 illustrates the effect of long continued volar flexion of the
wrist. Here the wrist joint has remained supple, but the finger flexors
have shortened and the wrist extensors have stretched. As a result,
the active dorsiflexion of the wrist is limited as the wrist extensors
reach the limit of their contractibility. Passive dorsiflexion may be
carried out much further despite the shortening of the flexor tendons,
the main effect of which is to hold the hand clasped shut in any degree
of the wrist dorsiflexion. In addition to lengthening the finger flexors
and shortening the wrist extensors, transfer of some flexors to the dor
sum of the wrist may be necessary to achieve adequate extensor power.

Spasticity
A spastic element in paralysis introduces new considerations in

reconstructing the hand. Tendon transfers give notoriously poor re
sults in a spastic hand. The overactive muscle pull causes contract
tures to occur easily and to recur after the usual corrective measures
are taken. The ideal treatment would be to remove the spastic ele
ment. For this purpose rhizotomy has been used with some success.
With persistent spasticity, contractures recur easily, and physiotherapy
or dynamic splinting may have to be continued indefinitely. This is
seen in Case 2, in which the M.P. contractures recur promptly if a
knuckle-bender splint is not used daily.

Possibly the best results in the spastic arm are obtained by stabiliz
ing procedures such as arthrodesis of thumb or wrist in a functional
position.

Joint Instability
Occasionally joints may become too unstable to allow proper

functioning even when a motor is provided. In Case 5 there was so
much weakness of all available motors that no improvement could be
expected by tendon transfer. The left first M.P. joint could not be
maintained in flexion during pinch and fell into a marked hyperex
tended position. Fusion of the joint in 30 degrees of flexion greatly
increased the effectiveness of the existing pinch power.

In hands paralyzed by polio the first carpometacarpal joint fre
quently is unstable. Case 6 (right hand) illustrates how a mild sub
luxation of the first carpometacarpal joint may prevent active use
of an otherwise adequate opponens transfer. In such cases arthrodesis
of the joint in a position of opposition of the thumb will increase the
effectiveness of the opponens transfer.6
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Instability of the wrist is a serious hindrance to proper functioning
of the hand. The weak grip associated with a drop wrist is a familiar
example of this axiom. In case 9 the pronounced weakness of the
radial extensors and both wrist flexors, together with an ulnar con
tracture, combined to weaken the power of a well functioning oppo
nens transfer. With the hand cocked dorsally and toward the ulnar,
the opponens transfer did not produce enough opposition for adequate
pinch. The absence of both the adductor pollicis and the first dorsal
interosseus contributed to the weakness. Bringing the hand into a
more radial position by transferring the insertion of the extensor carpi
ulnaris radialward or by performing wrist arthrodesis would allow the
opponens transfer to work to best advantage.

Tendon Tension

The problem of ensuring proper tension of the transferred tendon
has been attacked in various ways. Mayer2.10,1l stated that with the
joint flexed to its maximum, the transferred tendon should be attached
to zero tension to give a good result. Other authors have advised
"moderate" or "considerable" tension, apparently leaving it up to the
surgeon to arrive at the right answer. Some authors have described
special surgical maneuvers to insure the proper tension. Riordan,12,13
for example, advised applying enough tension to the opponens trans
fer to keep the thumb opposed and abducted, and the I.P. joint ex
tended, when the wrist is dorsiflexed 135 degrees; he recommended
that the tension should be adjusted so that the thumb can be relaxed
into extension and adduction when the wrist is volar flexed.

The result of undue tension in a flexor tenodesis is seen in Case
3. The profundus and sublimis tendons were fixed to the distal radius
to provide automatic finger flexion when the wrist was dorsiflexed. At
surgery the tension was set so that the hand was open with the wrist
in full volar flexion. After surgery it was found that the patient could
attain this degree of volar flexion-and therefore, an open hand
only by application of dorsal pressure, as from his opposite hand.
With volar wrist flexion from gravity alone the fingers would open
only enough to grasp a very small object. In modifying the tension in
such an event, care must be taken not to produce the opposite compli
cation-too loose a grip at the extreme of dorsiflexion.

In Case 1 the tension of the left brachioradialis was found to be so
great that the thumb could not be extended when the elbow was
extended; on the right, the tension was loose enough to allow exten
sion in this position. The patient had been prOvided with grasp on
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the left hand by the opponens transfer, but, he could not fully utilize
this function so long as he could not open the thumb when grasping
at arm's length. To offset this disadvantage the attachment was made
more tightly on the left, thus providing him with a stronger grip than
on the right. The patient is satisfied with this arrangement and is not
especially inconvenienced by his inability to grasp at a distance. He
has been encouraged to consent to an opponens transfer on the right
to improve his dexterity, but he has demurred, on the ground that the
opposed thumb would only get in his way in such manipulations as
washing his face or supporting himself on his hands.

Thumb Opposition
Many operations have been described for restoring opposition of

the thumb. Bunnell has given a thorough review of the types with
an analysis of their shortcomings.14 Several of the early operations
utilized tendons that passed under the volar carpal ligament or through
the sheath of the flexor pollicis longus. These had the disadvantage
of pulling too near to the axis of the thumb, so that abduction and
flexion across the palm were limited. Bunnell emphasized the de
sirability of pulling from the area of the pisiform and passing the
tendon subcutaneously across the thenar eminence. The sublimis to
the ring finger is probably the most satisfactory motor for an opponens
transfer.

To achieve rotation of the thumb and, therefore, true opposition,
the tendon must be attached onto the dorsum of the thumb. In ad
dition to abducting and flexing, a twisting motion then occurs as the
tendon unwinds on the axis of the thumb. Bunnell15 advised insertion
at the base of the proximal phalanx to achieve this end. Irwin8 an
chored the tendon by passing it through a drill-hole in the proximal
phalanx from dorso-ulnar to volar-radial. T. C. Thompson,4 using
the double end of a sublimis tendon, passed one slip through a hole
in the distal first metacarpal from radial to ulnar side. He passed the
other slip through a fascial-periosteal tunnel at the dorsum of the base
of the proximal phalanx and sutured the two slips together. Riordan13

passed a sublimis tendon slip through a tunnel in the short abductor,
through a second tunnel under the dorsal hood emerging on the ulnar
side of the long extensor tendon, and looped it back, sewing it to the
other slip. He secured the whole assembly so that the motor tendon
passed directly over the center of the metacarpal head. The tendon
pull thus not only abducted and rotated the carpometacarpal and
M.P. joints, but extended the I.P. joint, reinforcing the synergistic
action of the extensor pollicis longus.
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This latter operation was carried out in all of our cases in which
opponens transfers were made, i.e., Cases 1, 6, 8, 9, 10, and 11.
Probably the best result is seen in Case 11. In this case only the
single procedure was done. There was fair or better function of all
groups other than the thenar group. No contractures were present
and the transferred muscle was of normal strength.

In Case 6, definite improvement occurred after the modification
of the tendon insertion from the Thompson type to the Riordan type.
A greater range of rotation was attained, allowing a stronger pinch.
The right hand was not used as much as the left because the trouble
from subluxation of the first carpometacarpal joint prevented easy
grasping.

Intrinsic Balance

It is interesting to compare in Cases 1 and 10 the amount of in
trinsic balance present in the fingers. In both cases none of the inter
ossei or lumbricales were functioning; yet in Case 1 there was a fair
amount of M.P. flexion with pull of the long flexors. In Case 10 the
long flexors flexed only the J.P. joints, carrying the fingertips to the
base of the fingers, the metacarpophalangeal joints remaining ex
tended. This is probably explained on the basis of tightness of the
oblique fibers relative to the central longitudinal tendon in the exten
sor hood. Bunnell has shown how the extensor hood retracts over the
M.P. joint when the joint is extended.15 On active pull of the inter
ossei and lumbricales the hood is stretched distally carrying it over
the shaft of the proximal phalanx, thus producing flexion of the M.P.
joint. If the intrinsics are loose and flaccid, the hood is pulled back
over the dorsum of the M.P. joint, the joint is hyperextended, and the
"intrinsic minus," or claw-hand position results. If the intrinsics are
overactive or are contracted, the hood is pulled distally, the M.P.
joint remains flexed, the J.P. joints extend, and the "intrinsic plus"
position results.16 In Case 10 the hand was a classical intrinsic minus
hand. In Case 1 there was likewise no active extension of the I.P.
joints, nor any independent active M.P. flexion. The M.P. flexion that
we observed could have been due to a mild contracture of the in
trinsics-enough to prevent proximal retraction of the hood by the
extensor communis, but not enough to extend the distal joints. An
other factor might be contraction of the lumbricales, which act as
simple check reins on the proximal phalanx, flexing it as the profundi
move prOximally.

To provide intrinsic balance to the fingers in the claw hand, several
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procedures are available. Bunnell14 advised using one or more sub
limis tendons to replace intrinsic action. The tendon ends are split
as necessary and the slips thus formed are passed along the lumbrical
canals and sutured to the extensor hoods. This gives excellent results
where the sublimi are strong and deformity recent. The extensor
indicis proprius and extensor digiti quinti have been used as motors
when the sublimi were too weak or the deformity was long-standing.
The tendons are passed between the metacarpals and anterior to the
transverse metacarpal ligament, the ends are each split in two, and the
four slips formed are attached to the extensor hoods. Riordan12,13

achieved a similar effect by pure tenodesis action. In the absence of
adequate sublimis or proper finger extensors part of the tendons of
the wrist extensors are split off. These are then attached to the extensor
hoods by the same routing as the Fowler method. As the wrist is
dorsiflexed the finger M.P. joints are flexed by the tenodesis action.

In Case 10 it has been proposed that a modification of the Bunnell
procedure be used. The profundus tendon of the fifth finger would
be detached distally, and its end split in three. The three tendon slips
formed would be passed through the lumbrical canals of the index,
long, and ring fingers and attached to the extensor hoods. M.P. flexion
would then occur simultaneously with I.P. flexion, since all the pro
fundi tendons are activated by a single motor.

Adhesions

The problem of adhesions has plagued the surgeon since the early
days of tendon surgery. Mayer's work17 was largely an attempt to
develop methods that would insure the maintenance of the gliding
characteristics of the surgically repaired tendons. Factors that will lead
to formation of adhesions include infection, edema, unduly prolonged
immobilization, and the proximity of raw bone, fascia, ligament, or
old scar to the unprotected tendon. The recognition of these factors
led to measures for their prevention. Avoidance of trauma to delicate
tissues, preservation of blood supply, preservation of paratenon, pro
tection of tendon from direct contact with bone or ligament, excision
of old scar in the vicinity of transferred tendon, and active motion after
the initial three-week immobilization period-all these contribute to
the development of a satisfactory gliding mechanism.

In case 4 there was a frank wound infection with subsequent
adhesions in the surgically treated area and failure of function of the
transferred tendon. This infection was believed to have occurred partly
because of general debility and poor resistance. Many patients with
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quadriplegia resulting from cervical cord injuries become under
nourished, and exhibit anemia and hypoproteinemia. Such deficiencies
must be corrected before reconstructive surgery is attempted.

In Case 1 the opponens transfer tendon became adherent without
evidence of infection. At the time of exploration for lysis of the ad
hesions, the skin was found to be bound down to the adherent area
primarily at the site of the original skin incision. The tendon had
apparently become caught up in the healing of the skin. Nothing de
finitive could be done at the time because of the extensive involve
ment of the subcutaneous tissues and the impracticality of rerouting
the tendon. Possibly the only definitive correction of this compli
cation at this time would be a full thickness skin graft following ex
cision of all cicatricial tissue.

SUMMARY

Twelve cases of reconstruction of the paralytic hand are reviewed.
Although these cases do not represent a significant series for statistical
analysis, they do serve to illustrate many of the problems encountered
in this field.

1. Contractures are encountered in many of the long-standing
cases. These must be eliminated before dynamic reconstruction can
be attempted. Spasticity will lead to recurrence of contractures unless
counter-measures are undertaken.

2. Instability of key joints is one indication for arthrodesis. Other
special stabilizing procedures that would not sacrifice mobility should
be considered. This is especially important in cases of instability of
the first carpometacarpal joint.

3. In tendon transfer the tendon must be attached under proper
tension. Since this is often difficult, tension may have to be revised at
a second operation.

4. In restoring thumb opposition, attention must be paid to the
direction of pull and to the point of attachment to the thumb of the
transferred tendon. The opponens transfer should abduct, rotate,
and flex the thumb. There should be an active long extensor to pro
vide synergistic stabilization during the act of opposition. Countrac
ture at the first carpometacarpal joint may limit the effectiveness of
the opponens transfer.

5. In evaluating the balance of the hand having paralyzed in
trinsics, attention must be paid to the slightest degree of contracture
of the intrinsic muscles. Long flexors of the fingers may be sufficient
for M.P. flexion if there is a mild amount of intrinsic tightness.
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6. Postoperative adhesions may be minimized by careful ad
herence to basic principles of tendon surgery. Wound infection seems
more likely to occur in those patients with traumatic cervical myelitis
than in patients with polio or with peripheral nerve lesions.
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Staff Meeting Report

Progress in Medical Education
at the Seoul National University of Korea *t

James H. Matthews, M.D.t

This report emphasizes the outstanding progress made at the
Seoul National University College of Medicine in the past five years
during which our two institutions have been closely affiliated. It
does not consider in detail the other changes made or needed at the
College, and it does not stress the methods used by United States
foreign policy or our two universities to accomplish our objectives.
A number of official reports cover these subjects adequately. The
following paragraph identifies our essential relationship in "The
Seoul National University Cooperative Project."

Through the International Cooperation Administration (ICA), the
United States offers other countries nonmilitary technical cooperation
in fields of higher education as a part of its foreign policy "to assist
in strengthening and establishing educational and research programs
which will further develop their human resources and their ability to
contribute to the mutual security of the free world." In terms of dollar
value alone, the largest activity of this sort ever undertaken involves
the University of Minnesota and ICA in a contract in behalf of Seoul
National University of Korea (SNU). With the concurrence of ICA,
this Seoul National University Cooperative Project has spent more
than 11 million dollars, since its beginnings, in September, 1954, "to
provide faculty exchanges, rehabilitation, and re-equipment" in the
broad areas of agriculture, engineering, medicine, and public adminis
tration at SNU. Of these activities, the exchange of ideas and the
development of mutual respect between our faculties are most re
sponsible for the significant progress reported here.

The author gathered the data for this report while visiting the
College and other medical facilities in South Korea, Japan, and the

°This report was given at the Staff Meeting of the University of Minnesota Hospitals on
May I, 1959.
tThis report is adapted from the "Final Report of Observations and Recommendations
Concerning The College of Medicine, Seoul National University, Seoul, Korea," sub
mitted by the author as Over-all Adviser in Medicine and Adviser in Anesthesiology to
the Seoul National University Cooperative Project contract, November 7, 1958.
:J:lnstructor, Department of Anesthesiology ,
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Philippines from May 2, 1957, to November 8, 1958, as one of a team
of medical advisers sent to Korea."

The value of our team to the Project depended largely upon our
understanding of Korean civilization, and upon our ability to compare
and contrast American and Korean social, economic, and cultural
structures. Therefore, each member of the team spent as much time
as pOSSible observing Korean life at first hand. The Korean faculty
members and Dr. Schneider were most helpful, and a number of ex-
cellent reports provided additional background information on Korea, i
the College, and nationwide health problems. The following general- I
izations, selected from all sources, identify some of the general char- •
acteristics of Korea, and several important factors specifically affecting ..
medical education and patient care in Korea today:

1. Korea's strategic location in Asia tempted invaders and required
protective alliances during much of her 4,292-year history. Clearly
discernible today are the results of these things in Korea's history:
an ancient "younger brother-older brother" relationship with China;
the 40-year Japanese occupation and colonization; the sudden un
planned loss of Japanese physicians, educators, and administrators at
the end of World War II; the artificial separation into North and South
Korea by the Allied Powers in 1945; the 1950 communist Chinese
North Korean invasion, and three-year Korean War; the persistent
armed truce and economic instability; and the United States-United
Nations reconstruction programs.

2. Other geographic features helped mold and preserve the
Korean's ethnic identity despite outside influences. The inhospitable
mountains that cover three-fourths of the land discouraged most visi
tors and helped repel many attacks. They also isolated the majority
of the people in family, clan, and village social units, and limited the
radius of normal economic and intellectual contact. In parts of South
Korea, natural fortifications helped keep ancient Buddhist cultures i.
virtually unchanged and protected the world-famous art treasures of

"The other team members during this time were: Miss Margery Low, Adviser in Nurs- 1
ing, Assistant Professor of Nursing, University of Minnesota; Mr. Glenn R. Mitchell,
Adviser in Hospital Administration, Assistant Director, University of Minnesota Hospitals; .
Dr. E. B. Flink, Adviser in Medicine, Professor of Medicine, University of Minnesota, .
Chief of the Medical Service, U. S. Veterans Administration Hospital, Minneapolis; Dr.
George Schimert, Adviser in Surgery and since November 1958 over-all adviser in
medicine, Assistant Professor of Surgery, University of Minnesota; Dr. E. B. Brown, Jr.,
Adviser in Physiology, Professor of Physiology, University of Minnesota. Dr. Arthur E.
Schneider is Chief Adviser in Korea for the Cooperative Project and Professor of For-
estry, University of Minnesota. On this campus, Dr. Gaylord W. Anderson, Director of
the School of Public Health, is the College-Level Adviser for the Project to Dean Robert
B. Howard. Dr. Tracy F. Tyler, Professor of Education is the Campus Coordinator.
Vice-President Malcolm M. Willey supervises the Project.
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early kingdoms. Throughout the country the mountains contributed
to persistence of Shamanistic beliefs. Christianity reached about one
tenth of the population only after the Japanese built railroads and
highways over the pennisula. Today the mountains benefit Korea
with their rich mineral and hydroelectric resources, but they com
pound other problems by compressing the increasing population into
a density exceeded in only a few countries.

Fertile valleys, a favorable climate and growing season, and an
adequate water supply provided the staple rice, fish, spicy "kimchi,'"
and other necessities of the Simple agrarian society that lasted until
the 20th century. The Japanese began the conversion to a modern
agricultural-industrial complex; but the loss of Japanese technicians,
the separation into North and South Korea, and the communist in
vasion ruined the economy of South Korea. Within recent years
economic recovery and redevelopment have progressed fairly rapidly;
inflation is being controlled; and about 15 per cent of the people are
now engaged in nonagricultural occupations. Modern schools, trans
portation, and communications are further contributing to the estab
lishment of a democratic and independent Korean Republic.

3. Chinese cultural influences which prevailed from 1400 to 1900
deeply impressed upon Koreans the Confucian philosophy and cour
tesy values, including especially a love of children and respect for
parents, age, and ancestors. The nationwide educational system,
patterned after China's, developed extreme reverence for scholarship,
but also forced the children "to duplicate rather than excel, to conform
rather than create." Other pertinent accomplishments during the
same period included: the perfection of a unique 24-character oriental
alphabet, use of movable metal type and printed books about two
hundred years before Gutenberg, emergence of a two-class social
order, and significant advances in the use of medicinal herbs.

4. Missionaries offered western medical techniques and medical
schools to Koreans in 1884, and the Japanese extended modern medi
cal practices to some of the population during their long occupation.
Today there are about six thousand physicians among the 23 million
people, and there are eight medical schools, four of them operated by
the government and four by missionary groups. About six hundred
medical students are graduated each year. The 88 general hospitals
and 2,470 private clinic hospitals have about twenty-eight thousand
hospital beds, of which 60 per cent are occupied. Most doctors practice
in the few large cities, and the patients who seek "western-style" care
apparently prefer to go to their small clinics rather than to the large
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general hospitals. Each political subdivision has some means to super
vise public health, and an impressive National Medical Center has
begun to serve the research and investigational needs of the Ministry
of Health. Infectious or parastiic diseases and traumatic injuries pre
dominate in the national statistics, although, other common medical
problems are fairly well represented. The overall standard of public 1"

hH~alhthl and he~lthd cared~relhigh~r~ Koffrea thhanbin most Asian .~ati0fns. •
Ig Y orgamze me lCa socIeties 0 er t e est opportumtIes or

continuation medical education; and the dominant and progressive
influences for improvements in professional ethics, legislation, and
similar affairs come from the medical school faculties. Professional
nurses, paramedical specialists, and pharmacists are relatively new;
and they have not achieved nearly the same level of development,
although they are improving continually.

5. The various governments of Korea have given the SNU Col
lege of Medicine their highest available patronage since the institu
tion was established by the last Korean king in 1899. The Japanese
built the existing physical plant as part of one of their six Imperial
Universities, and they trained a few select Koreans and their own
students under a competent faculty. Public health and nursing edu
cation began in 1926, but the Japanese soon moved the public health
institute from the control of the Minister of Education to the control
of the Ministry of Health. Toward the end of the Japanese occupa
tion, German influences upon the Japanese determined standards of
medical treatment, teaching methods, and curriculum content. At
Liberation, the Republic of Korea government appOinted Korean grad
uates from SNU to continue the best of these traditions, and they
established the College as the largest and most important govern
mental medical center.

6. During most of the Korean War, only a few SNU faculty and
students were able to continue studies in tent quarters at Pusan City,
600 miles away. By 1954, when the college was returned to its
original site, most of the faculty members had scattered, or been
captured, or were still in military service. Not one piece of equipment
remained in the Hospital or school buildings. After comparing the
status of all medical schools in the nation, the Ministry of Education
and foreign aid groups agreed that highest national priority should
be given to the early reactivation of the SNU College of Medicine.
Negotiations for our Cooperative Project assistance began shortly
thereafter.

The balance of this report describes the nature and extent of
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progress occurring since 1954 under three headings: (1) objectives,
(2) operational capability of the CollegeO to carry out these objectives,
(3) the teaching and research programs.

OBJECTIVES OF THE SNU COLLEGE OF MEDICINE

The faculty is dedicated primarily to preserving the historic
eminence of its institution as the medical center of Korea and the
principal source of competent general physicians, specialists, and
teachers of medicine. Outside advisers, Korean and foreign, usually
have respected the right of the College to define its own terms and to
maintain academic freedom. During the War the faculty was willing
to sacrifice quality where this was necessary to produce the quantity
of military physicians needed. Today many professors who have
studied the problem in Korea and abroad want to return to stan
dards of high quality and reduced quantity, since the fighting has
stopped, and there are seven other schools to share the under
graduate load. The Ministries of Education, Defense, and Health
disagree, and insist that SNU keep classes at wartime size. They
argue that the nation must anticipate invasion from the North
Koreans, that it must keep the medical staff of the ROK Army (the
world's fourth largest standing army) at peak preparedness, and that
five million of its people have never had modern medical care im
mediately available.

Thus, the faculty is increasingly concerned with examining ob
jectives so as to emphasize high quality in two programs: (1) An
undergraduate program would prepare a reasonable number of "un
differentiated" general physicians oriented to the public health and
welfare. (2) Another program would provide graduate and postgrad
uate training for a smaller number of selected specialists and future
faculty members. The Project supports these views, and urges that
the faculty emphasize public health needs in all College activities.

OPERATIONAL CAPABILITY

Organizational structure
The accompanying Table of Organization shows the College

structure as of October 15, 1958. The faculty members who have
studied the development of medical centers abroad under Project
sponsorship believe that the I3-year-old legal Table of Organization
for nationalized universities is inadequate for this College's current
needs and long-range plans. To secure administrative recognition

0The word "College" in this paper refers to the SNU College of Medicine.

477



1
THE MEDICAL BULLETIN

for any new functions of the College, they must submit detailed
descriptions of the changes asked and must secure, in succession, the
endorsements of their Faculty Meeting, the SNU Headquarters
officials, the Ministries of Education and Finance, and occasionally
the Ministry of Health. The President of Korea and The National
Assembly make the final decision. Considering the diverse authorities I,.
and multiple procedures involved, the "faculty is making commend- .
able progress toward elevating nursing education from the high-school
to the collegiate level, and toward re-establishing graduate level 1
training for the public health specialists needed in Korea. After four t,.,.

years of preparation and argumentation by the College, the President I
and National Assembly have recently received and passed two acts
which will add the School of Nursing and the Attached School of
Public Health to the organization as planned. Unless further diffi-
culties arise, the staff already available for these units should begin
instruction this year. Equally worthy but incompletely developed
plans request the eventual creation of a school for laboratory technolo-
gists as well as higher organizational status for the medical school
departments.

At the level where College and University authorities can reorganize
and expand the official university structure, the Dean has secured
approval to drop the Physical Training department and to separate
or add new departments or divisions for legal medicine, clinical
pathology, anesthesiology, and physical therapy. These changes will
appear in the official Table when instruction starts this year. In other
actions, the faculty has approved administrative units to manage a
newly centralized and enlarged audiovisual service, and an isotope
laboratory accessible to pre-clinical and clinical science specialists;
equipment for these units is due to arrive this year. The College has
not taken final action on the discussed need for an inventory control
section or for granting official status to the Office of the Dean and to
the College's medical library.

Hospital authorities have made equally impressive improvements
in services and administrative facilities since 1954. Each of the clini
cal science departments traditionally operated an autonomous medical
service; but several commendable steps have coordinated these more
closely under the Dean and Superintendent. Medical activities also
unofficially began in separate laboratories for cardiac catheterization
and EKG-BMR-EEG testing. Incomplete plans call for the early
creation of a new-patient clinic, a leprosy clinic, and a maternal-child
welfare service. In the Hospital administration and nursing sections,
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recent unofficial changes have provided different status for several
old services and started three important new functions: a housekeep
ing subsection, a medical record service, and an admissions office. The
central supply room, emergency room, and postanesthesia recovery
room were officially opened last year. Plans for a new social service
subsection and volunteer services are incomplete. With official or
legal approval of this progress, the advisory team recognizes no other
need to change the Table at this time.

Administration
The Table of Organization names the key officials of the College,

and the National Laws prescribe their duties and the method of their
selection. An old, established oriental administrative code guides their
actions. The College's officials have demonstrated many times that
they can clarify lines of authority within the College, centralize and
delegate..executive authority, achieve cooperation and flexibility, make
and check on assignments, and carry out self-evaluation studies. The
increasing frequency with which all personnel follow these basic
principles of administration appears to be improving the economy,
efficiency, and overall quality of the College program.

Progress toward establishing the Dean and other key officials in
firm control of their units occurs slowly, however, because of the
tendency to retain administrative authority in the Ministries, Uni
versity Headquarters, and the academic chair system left by the
Japanese. For example, the deanship still is an elective, temporary
(two-year), part-time job, according to the Laws; but the current Dean
spends practically full time at his position, as evidenced by the
changes made during his administration. The advisers have noted
with particular pleasure the promising efforts of the Dean to test the
faculty's acceptance of a college-level administrative committee,
composed of chairmen, to guide the Dean in some of his newly and
unofficially assumed executive responsibilities.

The departmental chairmen are not yet legally recognized offi
cials of the College, but they are making steady progress toward
coordinating, managing, and representing their units, especially in
cases where the departmental chairman is the only professor or un
questionably the senior professor in the department. With a few
important exceptions, they have reorganized their subdivisions for
teaching purposes essentially as they saw the counterpart areas being
operated in Minnesota. The other faculty members cooperate in their
committee assignments, some, indeed, giving outstanding service
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and contributing persuasively to the ease and speed with which
changes are accepted by their colleagues.

The Superintendent of the Hospital must be a physician, elected
from among the professors of clinical sciences for part-time service,
for a two-year term. There is no source of trained lay hospital ad
ministrators in Korea, and the President of the University selects the
senior lay assistant to the Superintendent (the Chief of General Affairs)
from a pool of high-ranking civil service employees of the government
or the nationalized universities. Previous experience in hospital ad
ministration is not a prerequisite. Five professors from the clinical
departments compose an administration committee which advises the
Superintendent and Chief and represents the stable level of manage
ment. The Chief Nurse reports to the Chief of General Affairs.

The unprecedented re-election to a third two-year term exemplifies
the progress being made toward establishing respect for continuity of
leadership in the College. It also constitutes a vote of confitience in
the policies that the Superintendent, his advisory committee, and his
Chief have carried out in recent months. Among other things, the
group has: reexamined most features of the Hospital, reorganized the
administration and service facilities as described, planned the re
habilitation and reequipment of Hospital and Clinical Research
buildings, and established policies and procedures directed at overall
improvement in the standards of teaching, research, and health care.
In the course of these changes, they have advanced the stature of
nursing and administration very significantly by transferring a large
number of nonmedical tasks away from the traditional control of the
physicians. Most of the doctors have cooperated in these changes, and
some are particularly understanding and helpful toward the nurses
and administrators who have made a transition for which they were
unprepared by previous training and experience. Plans for extending
the current Cooperative Project contract include opportunities for
the College to develop at least a few trained specialists in hospital and
nursing administration.

The Principal of the School of Nursing has worked with a much
smaller faculty group to bring about considerable improvement in
the stature of nursing education and in the size and scope of the cur
rent and anticipated educational program. Much of this achievement
is based on the close administrative relationships maintained by the
Principal, Superintendent, and Dean. The integrity and dedication
of the College's leaders strongly impressed our advisory team, as can
be seen from the progress noted in other sections of this report.

480

1



THE MEDICAL BULLETIN

Faculty
The most distinguished aspect of the College is its faculty. This

faculty is responsible by tradition and by law for establishing ob
jectives and reorganizing and administering the College. The team
considers the faculty's recently expressed willingness to delegate much
of its traditional power to its elected leaders as a significant step for
ward. Improvements in the size, distribution, competence, and ex
perience of the faculty have further increased the College's opera
tional ability to achieve its objectives.

Since 1952, when the Minister of Education fixed the number of
full-time regular appointments in the College at 89, the legal size
of the faculty has not increased because sufficient funds have not
been allocated for the purpose. By using nongovernmental funds
subscribed from parents, the College is meeting the deficit partly by
employing 14 "special" full-time staff members on a yearly basis, and
partly by appointing 26 part-time pre-clinical and clincal faculty
members to fill specific course needs. The Ministry of Education
did promise some time ago to increase the totals gradually over a six
year period; but-again owing to lack of funds-no action has
occurred. A few departments have depended occasionally upon some
of the unpaid Assistants (residents) to help in undergraduate teach
ing, especially in pre-clinical laboratory courses.

The faculty distribution is shown in Table 2. Uniformity in the
size of the regular full-time staff in many departments continues
the traditions established under the Japanese and maintained on the
two occasions when the College re-organized-at Liberation and at
the end of the Korean War. Progress toward readjusting the size of
the departments on the basis of their current needs and future plans
occurs imperceptibly, because few vacancies and no new posts are
available. The use made of the "special" appointments provides
some insight into the new personnel policies being developed. A
number of these positions went to disciplines never before represented
in the curriculum, such as public health, anesthesiology, and thoracic
surgery. Others were used to secure particularly qualified individuals
or additional staff for departments whose regular members were away
in military service or in Minneapolis on exchange. Table 3 shows, in
another example, the plans of the Dean and "administrative commit
tee" to strike a better balance between traditions and needs when the
promised new positions are released by the Ministry. Some progress
toward completing the six-year plan has occurred by virtue of one
recent resignation and by the release of funds for promotions from
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the assistant to the instructor level. (Anesthesiology secured its first
full-time regular position from this source last winter.)

The most notable characteristic of the faculty is its insistence upon
high quality within its ranks. Of full-time faculty members 97 per
cent can meet the minimum legal requirements of the nation for ap
pointment and promotion to the next higher rank, but according to
College traditions, only 45 per cent can qualify for a promotion at
this time. The faculty controls nominations for promotion; and in
making six promotions recently, it indicated that it valued the same
kind of achievement respected in academic circles throughout the
world: undergraduate and graduate preparation, advanced degrees,
demonstrated research ability, tenure, age, type of specialty repre
sented, and desirable personality traits. The faculty members gave
relatively greater emphasis to success in teaching by new methods,
experience in teaching, foreign training, and research ability than they
have in the past, largely because most of the faculty have had recent
opportunities to improve their competence in these areas.

The faculty has sought to improve and maintain high quality in
part through the exchange features of the Project, through other op
portunities to study abroad, through the appointment of individuals
with exceptional experience or ability, and very recently, through
increased contact with foreign physicians working or visiting in Korea.
The Project has sponsored foreign visits for 40 per cent of the full
time faculty, and other sponsors have underwritten study abroad
for an additional 20 per cent. Plans extending the contract would
bring the percentage of the full-time faculty members with foreign
study to about 90 per cent of the total. The extent of the effect of
foreign visits in preparing faculty members for modem teaching re
sponsibilities can be estimated from the fact that 73 per cent of the
Professors, 75 per cent of the Associate Professors, 56 per cent of the
Assistant Professors, 50 per cent of the Instructors, and 39 per cent
of the Assistants have studied abroad since Liberation. While distri
bution of foreign visits among the departments is similar, many
departments have had 100 per cent representation. Nurses, admini
trators, and technicians have not received nearly the same amount of
attention yet, but plans for their inclusion in the future exchanges
are approved.

Finance
The College and the Hospital are financed separately, and both are

in critical financial condition. Funds subscribed from parents and
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released from the Project have provided most of the improvements in
teaching activities evident today. The government has increased the
salaries of the full-time personnel, but the College's operating budget
for expendables, utilities, and minimum teaching equipment has ex
panded very little. The Hospital has secured substantial increases in
its annual budget, but the total is not sufficient to enable the Hospital
to open all rooms or to provide the quality of care its staff is prepared
to give. Progress in familiarizing the National Assembly and appro
priate ministries with the needs of medical education occurs steadily.
Of considerable significance are the current efforts of a committee
which is trying to work out a new system of financing that would
make the Hospital less dependent on the national budget and more
dependent on earned income. Some faculty members wish to see
opportunities for private practice at the Hospital included in the
new plans, and presumably the preclinical faculty would participate
in any benefits derived from this type of financial arrangement. To
a large extent, the future of the College and the value of the medical
aspects of the Project to the nation depend upon resolving the finan
cial crisis in the institution.

Physical Plant, Equipment, Library,
Teaching Material arul Other Facilities

The physical plant built by the Japanese is large enough for cur
rent activities, and with the currently planned expansion, it probably
wiIl meet the needs of the immediate future. The Project rehabilita
tion program is repairing the damage done during the war, and the
opportunities to remodel most areas during this repair work are en
abling the College and Hospital authorities to incorporate a number
of new service facilities into the old plant. When the program is
completed, the institution wiIl contain all the essentials of a modern
medical center.

A new building has replaced the nurses' high school building
burned during the war. Most of the laboratories, offices, and hospital
areas have been restored to operating condition. Scheduled painting
and other surface repairs wiIl brighten the buildings considerably.
One of the most vigorous programs involves reallocating patient rooms,
offices, research areas, and service functions at the Hospital in order:
(1) to make more efficient use of all personnel, (2) to decongest traffic
patterns, and (3) to centralize the location of scarce equipment and
vital services. Teaching and administrative offices of each department
will be regrouped near the patients and functions concerned. Current
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plans also call for constructing a nurses dormitory, remodeling the
student health service, making several small additions to the Hospital,
completely remodeling the Central Research Building, securing new
space for the School of Public Health, and providing for a medical
student dormitory or central University dormitories.

Another major activity of the College and the Project is the se
lection, procurement, and installation of the equipment essential to
a modern medical center. This is quite difficult since requisitions
must take into account the new skills and knowledge acquired by
the faculty returning from study abroad, the availability of space and
appropriateness of rehabilitation plans, and the suitability of the items
to the objectives of the College and country. Project funds are pro
viding nonexpendable and some expendable items, while the College
is attempting to furnish that part of the expendable supplies available
in Korea. As a result of outstanding progress, most undergraduate
classes are now equipped to conduct all the essential demonstration
experiments and some student experiments required in the curriculum.
The quality of hospital care is demonstrably improved, and the oppor"
tunities for research are increasing steadily. Project plans call for
continuing the supply of nonexpendable equipment, sharply reducing
the expendables supplied, and generally emphasizing the need for
Korean facilities and resources to support research and student partici
pation in undergraduate experiments.

As for library facilities, the Library did not receive western medi
cal journals or texts during World War II or the Korean War, and the
College still has no regular budgetary support for library materials.
As a result the Library must depend for its support on the students,
faculty, and outside donors. Highlights of the library's growth in
the past five years include: the provision of more than 180 long-term
subscriptions to popular periodicals in several foreign languages; the
acquisition of six to seven hundred recently published textbooks of
special usefulness to medical students; a regular stream of smaller
gifts from individuals and organizations in the United States; the
centralization of vital departmental holdings otherwise unavailable;
the temporary employment of an exceptionally capable biomedical
librarian; revision of the Library rules; plans to remodel the area
and induce better use of the Library by students and faculty; and
serious committee work to develop some means of continuing sub
scriptions and filling the gaps in holdings after the Project ends. The
Library is not prepared to meet all the demands of the faculty or
graduate students, but it does have the best collection of current
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medical literature in Korea and can satisfy most of the needs of the
undergraduate program.

Korean medical texts are not readily available because the Japa
nese suppressed the use of the Korean language until 1945 and be
cause the economy has not stimulated the rapid replacement of
foreign language texts. Most of the faculty members and graduate
students are fluent in Japanese; most of the undergraduate students
cannot read scientific Japanese; and English, German, and French
appear to be the only common acceptable foreign languages for texts
and supplementary notes. One of the outstanding achievements of
the medical faculties of the eight schools is their joint effort to write
a single Korean text for each subject in the curriculum. Several of the
preclinical disciplines have completed their work, and all departments
are making ample use of mimeographed notes to supplement lectures
and foreign texts.

The College has made continuous progress toward restocking the
other teaching material required for its undergraduate program. Al
though the number of cadavers received each year is small, the
anatomists are hopeful they can secure approval of the Ministries and
National Assembly to use the unclaimed bodies available in Seoul.
Autopsies are rarely permitted, but the collection of pathologic and
normal histologic specimens required for coursework is nearly com
plete. The Pathology Department plans to start a museum for gross
specimens this year. Bacteriologic and parasitic material are in
adequate supply, and virus culture techniques introduced this year
should provide the last of the needed teaching specimens for the
bacteriology courses. Experimental animals are either unavailable or
too expensive for most undergraduate work, and the College has se
cured a rather complete set of manikins and stressed liberal use of
audiovisual aids to improve didactic teaching until the situation
improves.

In connection with teaching material, the Hospital provides an
ample number of daily outpatient contacts for the junior and senior
classes, and the average daily inpatient census totals about two-hun
dred-twenty patients. Additional casework in obstetrics is obtained at
another hospital. The standard of hospital care observed by the stu
dents has improved significantly in every area along with the improve
ments in faculty competence, rehabilitation, and reequipment. The
changes described have made most services in the Hospital adequate
and occasionally ideal counterparts to undergraduate teaching. Grad-
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uate training appears too crowded on several services, but other
wise the quality is equally satisfactory.

TEACHING AND RESEARCH PROGRAMS

Preprofessional and Premedical Education
Foreign advisers who have studied the secondary education pro

gram and facilities report that the quality and quantity of science
instruction in the Seoul City high schools are improving significantly.
Most of SNU's medical students come from these high schools. Per
sonal observations at the College of Medicine tend to confirm the re
port that mathematics and biology are taught better than physics,
chemistry, and the foreign languages. Traditional competitive scholar
ship examinations control entrance into SNU, and the College of
Liberal Arts and Sciences and the College of Medicine devise the
examination for premedical students. Under the current system, ad
mission to the two-year premedical course in the SNU College of
Liberal Arts and Sciences virtually assures the student admission to
the College of Medicine. The College of Medicine faculty is eager
to gain firmer control over medical school admission policies, and it
also would like to review the possibility of reducing the total hours
of the premedical curriculum spent in study of foreign languages and
to increase the time spent in scientific disciplines like chemistry,
physics, and biology. Although some dissension exists between the
faculties of the two Colleges, the general desire to reexamine curricula
and methods is an example of the progressive influence exerted by
the College upon many activities at SNU.

Undergraduate Teaching Program and Methods
After the Korean War the faculty studied the curricula of six

American medical schools, including the University of Minnesota. It
selected schools which mirrored its interests in graduate-postgraduate
specialization and research, and those which were large and enjoyed a
good reputation. The basic curriculum and schedule finally adopted
resemble those at Minnesota. The change required a reduction from
about twelve hundred lecture hours to about a thousand, and an
increase in the number of laboratory courses and hours. The scientific
approach to functions and diseases has been stressed in teaching, but
a growing number of faculty members, led by the Dean, wish to
emphasize public and social health and the integrated or correlated
approaches to the whole patient. The number and variety of joint
or interdepartmental conferences within the clinical sciences have
increased significantly within recent years, and several preclinical de-
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partments are now correlating their seminars with those of the
clinical departments. The concept of interdepartmental cooperation
on undergraduate, graduate, research, and service levels has become
popular within a short period of time, and in the few classes where
it has affected undergraduate teaching, the results appear favorable.
No elective courses or studies are offered, and the student's use of
"free time" is not supervised or guided.

The faculty members recognize the need to minimize didactic
lectures and to increase laboratory and clinical experience. Most of
them are changing to these methods as rapidly as facilities and cul
tural relationships permit, and a few inpatient clerkships have already
been started. It was noted previously that an increasing number of
the experiments in the student manuals can be performed in their
entirety by the students. The acquisition of sufficient microscopes
alone has restored a large segment of preclinical laboratory exercises
for the freshman and sophomores. Unfortunately, clinical experience
is harder to obtain. For one thing, patients and their families gener
ally resent being examined by the students, and often they do not
cooperate even in history-taking and in faculty supervised examina
tions. The problem is particularly acute in the teaching of obstetrics;
therefore, the Hospital recently increased the number of "free de
liveries" it could offer, on the ground that indigent patients apparently
are not in a position to object to students. The College also affiliated
with the Seoul Electric Hospital to increase the number of obstetric
inpatients available for both nursing and medical students, and a ro
tating clerkship has recently begun.

Probably the most outstanding contributions to undergraduate
teaching have come from the improved competence and understanding
of the scope of modern medical practices acquired by faculty members
who have studied abroad. The students reflected this advance clearly
in their classroom discussions of anesthesiology and its correlation
with preclinical sciences-a topic completely foreign to the class
graduating just ahead of them. They were also aware of the purposes,
uses, and limitations of most new methods described in other clinical
departments, and they had a reasonable grasp of the major research
problems attracting medical scientists throughout the world today.

Graduate and Postgraduate Teaching Program
Until last year each professor appointed as many unpaid Assistants

(residents) to his chair as he felt he needed or could teach in his
specialty. These doctors had privileges of registration in the Graduate
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School of SNU, and they usually spent three to five years earning
an M.S. or Ph.D. degree in specific course work and research pro
jects. Under additional controls for this system devised by the faculty,
a distinct one-year rotating internship now is offered to 18 graduates,
and a combined five-year residency program and graduate degree pro
gram to 136 unpaid Assistants. The new program requires multi
disciplinary studies for at least one year, encourages study in the
preclinical sciences, and establishes a rotation schedule between each
of the subspecialties of the department concerned. The simultaneous
eviction of unregistered students and limitations on official observers
have helped make the graduate students more responsible for the
scanty number of patients available on the inpatient services. The
faculty hopes that the new program will lead eventually to establish
ment of nationwide specialty training standards like those used by
the American Boards.

The graduate students probably have profited most from the new
skills introduced by the faculty, and the majority of them show every
promise of becoming the type of specialist or future faculty member
the College hopes to produce. In conjunction with the changes al
ready described, faculty members returning from abroad have initi
ated a surprising number of regularly scheduled new teaching oppor
tunities for faculty and graduate level participation, including: a
Hospital-wide clinical-pathological conference, grand rounds by single
professors and occasionally by whole department staffs, journal clubs,
x-ray conferences, complications conferences, and numerous special
topic seminars. As an immediate result, the number of interdepart
mental consultations has increased, patient care has improved,
and the stimulus for both individual and cooperative research projects
has mounted.

Until recently the College has sponsored continuation medical
education programs only for general practitioners. But individual
visits, registration in single semester lecture courses, and other special
arrangements have been encouraged. As an experiment, the anes
thesiology staff and others recently offered a three-day course for
anesthesiologists throughout the nation. The response was good, and
the discussion which followed suggested that other courses of this type
might be useful in the College's efforts to raise standards.

Research Activities
The limiting factors of lack of finances, high teaching load, and

incomplete facilities have delayed many ideal projects. Every depart-
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ment is engaged in some kind of research activity, however; and the
experiments generally follow the traditional interests of the senior
professor or represent a continuation of work begun during foreign
study. Although they are not elaborate and cannot be costly, the pro- 1
jects observed are sound, fundamental, and characteristic of a good
medical center. Many problems are directed toward establishing 1·
norms for Korean circumstances, in biometery, nutrition, hematology, ..
infectious diseases, and similar fields. The difficulties encountered in :.•
performing continuing research of any depth among all the faculty
and graduate students emphasizes the need for considerable additional , ..
support during the next few years.

CONCLUSION

The Seoul National University College of Medicine is a unique
institution. Its traditions distinguish its faculty and students, and its
objectives epitomize the ambitions of leading medical centers every
where. The progress its faculty members and administrators have
made in a relatively short time under difficult circumstances deserves
admiration and continued encouragement. Few features of the College
have escaped some change since 1954, yet much remains to be
done. The extensiveness of the reorganization, rehabilitation and
reequipment already completed and envisioned for every department
and administrative unit ultimately will modernize the College and in
sure its capability to achieve its goals. The competence of the faculty
is outstanding in Korea and noteworthy anywhere. With ample time
and adequate funds, the educational and research programs develop
ing within the College will serve the country's needs well. The Uni
versity of Minnesota can be proud of the role it plays in providing
assistance to the College, to Seoul National University, and to Korea.

Acknowledgments: I wish to thank the Department of Anesthesiology of the University
of Minnesota, the other members of the medical advisory team, and all those associated
with the Project for making my participation possible. Working with this group and
with our colleagues at Seoul National University was pleasant and stimulating, and I
warmly recommend the experience to others at the College of Medical Sciences.
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Staff Meeting Report

Neonatal Adrenal Functionof

Robert A. Ulstrom, M.D.,f Eleanor Colle, M.D.§
with the assistance of Jane Burley, B.S.,~

Robert Gunville, B.S., .... and John Reynolds, M.D. tt

The adrenal gland of the human consists of a central medullary
area and a peripheral cortical area; the latter is composed of three
zones: glomerulosa, fasciculata, and reticularis. The adrenal gland of
the human newborn differs from that of the adult in several respects.
It is proportionately larger, and it contains not only the three cortical
zones but also a fourth cortical zone, which makes up about 80 per
cent of the weight of the gland at birth. The cells of this zone, al
though arranged in a reticular pattern, are larger than those of the
adult reticular zone and have eosinophilic staining properties. De
generative changes in these cells may already be apparent at the time
of birth, although it is in the second week of life that disintegration
of this zone becomes prominent. Gradual disappearance continues for
several weeks, and by the fourth postnatal month only a fibrous zone
between medulla and adult type cortex remains. This fibrous zone
is slowly resorbed and by the end of the first year of life has com
pletely disappeared.!

The function of the fetal adrenal cortex remains unknown. The
continued growth of these cells until the time of birth, and the prompt
appearance of degenerative changes immediately after birth in all in
fants regardless of gestational age, suggest a trophic influence from
the mother or the placenta. Prenatal regression of the fetal adrenal
cortex has been observed to occur in anencephalic infants. The fre
quent presence of a normal anterior pituitary gland in such infants
suggests that malformation of the hypothalamus may be critical in
this regard.

°This report was given at the Staff Meeting of the University of Minnesota Hospitals on
May 15, 1959.
tSupported by the Graduate School Research Fund and USPHS Grant No. H2066
:j:Associate Professor, Department of Pediabics; John and Mary R. Markle Scholar in the
Medical Sciences
§Assistant Professor, Department of Pediatrics
lIJunior Scientist, Department of Pediatrics
oOJunior Scientist, Department of Pediatrics
ttMedical Fellow, Department of Pediatrics
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Attempts to postpone involution of the fetal adrenal cortex have
not been successful, and its persistence to an abnormal degree has
never been confirmed. Therefore it must be concluded that the trophic
influences on the growth of the fetal adrenal cortex, as well as the
factors responsible for the postnatal degeneration, remain unknown.

Studies of the steroid content of the adrenal gland of fetuses and
newborn infants have resulted in tentative identification of a number
of 19- and 21-carbon steroids. Bloch and co-workers2 have found ster
oidal material tentatively identified as delta-4-androstene 3-17 dione,
dehydro-epiandrosterone, and delta-4-androstene 11 beta-OH, 3-17
dione in the adrenal glands of human fetuses. In addition, small
amounts of cortisol were found in older fetuses, as well as material
in the extracts of glands, which was active when analyzed for sodium
retaining activity by bioassay. Lanman and Silverman3 tentatively
identified cortisone and cortisol from incubates of human premature
infants dying shortly after birth. A highly unsaturated ketonic com
pound, otherwise unidentified, has been reported by Gardner and
Tice.4 Although it has been suggested that the fetal adrenal cortex
is a source of androgen, studies of the fetal zone when separated from
the adult cortex have not succeeded in establishing this point. The
finding of C19 steroids with weak androgenic activity in the gland
itself during fetal life does not establish that these androgens normally
are secreted by the gland.

Because of the large portion of the gland occupied by fetal zone
at birth, the adult type cortex is relatively small. This has led many
investigators to postulate that the C21 steroids normally produced by
the adult cortex of the gland may be relatively insufficient for a var
iable period after birth. But any study of adrenal cortical steroid
metabolism in human newborn infants must take into consideration:
(1) the contribution of steroids derived from the maternal adrenal
cortex, placenta, amniotic fluid, and membranes; and (2) the possible
presence of adrenotrophic hormones from extrafetal sources. In ad
dition, several other factors operating during the first weeks of life
demand that data derived from methods well established as indicators
of adrenal gland metabolism in adults must be interpreted with cau
tion in the neonatal period. For example, it has not yet been firmly
established that cortisol is the principal or only steroid effluent from
the adrenal gland of the human newborn infant. Also, the metabolic
fate of cortisol in newborn infants has not been thoroughly enough
investigated to establish that the excretory products of cortisol in the
mtant are quantitatively or qualtitatively comparable to those in the
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adult. Furthermore, it has not been established that commercially
available adrenal corticotrophic hormone has the same influence on
the adult type adrenal cortex of the newborn infant as on that in
adults; as yet, no trophic influence of ACTH on the fetal adrenal cor
tex has been demonstrated. The rates of extra-adrenal metabolism of
ACTH and of steroids produced by the adrenal gland in the newborn
period may be different enough so that the usual clinical criteria and
laboratory tests used to evaluate adrenal function in the adult require
special consideration. The physiologic effects of steroidal hormones
in the newborn period may also differ. In spite of the vast amount of
clinical and biochemical data which have accrued over the past dec
ade regarding the adrenal-pituitary relationships and steroid metab
olism in adults, our knowledge of these phenomena in newborn infants
remains meager. Indeed, the information available strongly suggests
that profound and important differences of many aspects of pituitary
adrenal function are present in the neonate.

TRANSFER TO THE FETUS OF STEROID HORMONES

The studies of Migeon et al., 5 Gemzell,6 and others demonstrate
that adrenal cortical steroid is transferred via the placenta to the fetus
near term. Blood samples obtained simultaneously from umbilical cord
and maternal venous sources show, in general, that the concentration
of 17-hydroxycorticoids in fetal blood reflects the level in maternal
venous blood under various conditions of labor and delivery. The fetal
level is generally lower than the maternal level, suggesting that a free
exchange across the placenta does not exist. Migeon and co-workers,5

using isotopic cortisol, demonstrated the appearance of radioactivity
in steroidal material in the infant after the labeled steroid had been
administered to the mother.

Studies performed in this laboratory with the cooperation of the
Department of Obstetrics have confirmed this finding in two instances.
Cortisol 4-CI4, 3 microcuries (0.744 mg.), was injected intravenously
during labor to two mothers each known to be bearing a live anence
phalic infant." Samples of blood were obtained from the mother at
intervals after injection, and from the umbilical veins and arteries upon
birth of each child. The neutral steroids were extracted with methy
lene chloride; one aliquot of each extract was applied to chromato
grams, and another was analyzed for radioactivity. The content of

"The dosages of 4_C14 cortisol used in these studies has been approved by the Isotope
Committee of this hospital and the U. S. Atomic Energy Commission. Effective total
beta radiation to the mother has been calculated to be 0.15 millirad, and to the infant
0.108 millirad. Future life expectancy was assumed to be 50 and 100 years respectively.
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radioactivity in the extract of the cord artery and vein samples and
the simultaneously drawn maternal venous blood is recorded in
Table 1. It will be seen that radioactivity (representing cortisol and
its metabolites in the unconjugated form) had been transferred to the
fetus and that in each case the plasma concentrations were lower in the
infant than in the mother. Each sample of umbilical vein plasma con
tained a greater amount of radioactivity than did the arterial sample,
indicating that metabolism of the labeled steroid had occurred to
render it unextractable with methylene chloride. Kawahara7 has pre
viously reported that the free 17-hydroxycorticoid content of umbili
cal artery plasma is lower than that of umbilical vein plasma.

TABLE 1
RADIOACTIVITY EXTRACTABLE FROM PLASMA AFTER INTRAVENOUS

ADMINISTRATION OF CORTISOL 4_C14 TO MOTHER

Time
(minutes after Corrected counts/ min.

Subject Source injection) per 100 ml. plasma

Mother A vein 60 10,300

Baby A umbilical vein 60 4,000

Baby A umbilical artery 60 2.600

Mother B vein 42 20,000

Baby B umbilical vein 42 4,000

Baby B umbilical artery 42 2,700

The paper chromatograms of these extracts demonstrated that only
a fraction of this radioactive material in the umbilical vein took the
form of cortisol. Furthermore, a comparison of the radioactivity dis
tribution patterns of these chromatograms (Table 2) clearly indi
cates that a difference exists between the maternal and fetal metabo
lism of cortisol. This difference may be explained by: a rate of trans
fer of metabolites of cortisol to the fetus as fast as, or faster than, the
rate of transfer of cortisol itself; a slow fetal disposal rate; a selective
maternal-fetal transfer of metabolites; or metabolism of cortisol dur
ing its transport across the placental barrier. Both of these infants
died soon after birth as a result of their profound congenital malfor
mations of the central nervous system. In addition to these malforma
tions, the previously reported hypoplasia of the adrenal glands was
also present. The transfer of cortisol from the mother, therefore, may
have played an important role in the survival to term of these infants.
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TABLE 2
PAPER CHROMATOGRAPHIC DISTRIBUTION OF RADIOACTIVITY

EXTRACTABLE FROM PLASMA OF MOTHERS AND INFANTS AT BIRTH

AFTER ADMINISTRATION OF CORTISOL 4-C" TO MOTHERS

Migration RatesO

More Polar Identical to Less Polar
Subject than Cortisol Cortisol than Cortisol

Mother A 9 83 8

Infant A 25 50 25

Mother B 8 89 3

Infant B 36 37 27

°Expressed as a percentage of total counts on the chromatogram

The findings in these infants are comparable to those in normal in
fants reported by Migeon et al.5 It is therefore of interest that the
studies reported here can be extended to demonstrate the tissue distri
bution of radioactivity due to maternally derived cortisol and its me
tabolites; Table 3 is a compilation of the concentrations of radio
activity in the various tissues of these two infants, who died 40
minutes and 4 hours, respectively, after birth. The tissue obtained at
autopsy was immediately frozen and stored. At the time of analysis,
the tissue was thawed, and a sample of each organ was weighed and
immediately minced in distilled water with a Vertis® tissue homoge
nizer. The neutral steroids were extracted with methylene chloride.
The previously extracted suspensions were then buffered to pH 4.8
with phosphate buffer and incubated with beta glucuronidase (500
units/cc) at 37° C. for 48 hours. The tissue suspensions were again
extracted with methylene chloride, and the dried extracts were dis
solved in toluene-0.3 per cent PPO. Carbon14 was counted in a liquid
scintillation counter.

In Infant A, the total extractable radioactivity was found to be
much greater 40 minutes after birth in bile and kidney tissue than it
had been at birth in the plasma. The radioactivity present in the brain
stem, lung, and liver of Infant A was similar in concentration to that
in plasma obtained 40 minutes earlier. The level of radioactivity in
the plasma at the time of death of these infants was not measured.
Except in liver and bile, the radioactivity representing the free form
of steroid was greater than that released by incubation with beta
glucuronidase. Although comparable studies of tissue radioactivity in
adults have not been reported, studies of biliary excretion of radio
activity after administration of cortisol C14 indicate that little ex-
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cretion of steroid occurs in the bile in adult man. The findings here
suggest that such a route of steroid excretion may have greater quanti-
tative importance for the newborn than for the adult, since the highest 1"
concentration of radioactivity per gram was present in the bile. Paper I.'.,•..,·.....
chromatographic separation of the free radioactive steroid obtained •
from the bile indicated that several compounds were present. The
areas of the highest concentrations of radioactivity migrated at rates
identical with cortisol and dihydrocortisone. In the material released
by incubation with beta glucuronidase, the area of greatest radio
activity migrated with a rate identical to that of authentic tetrahydro
cortisone. Because of the small amount of bile available, definitive
identification of this material was not possible.

TABLE 3
DISTRIBUTION OF RADIOACTIVITY IN TISSUES AND BODY FLUIDS OF

NEWBORN INFANTS AFTER CORTISOL 4_CU ADMINISTRATION TO MOTHER

Time Mter
Administration Age at Death Free Glucuronide

Subject (minutes) (minutes) Tissue (cpm/gm) (cpm/gm)

A 300 240 Liver 5 19
A 60 240 Plasma 40 °

(umbilical vein)

B 42 40 Plasma 40 °
( umbilical vein)

B 82 40 Bile 880 1500
B 82 40 Kidney 129 12
B 82 40 Brain stem 36 21
B 82 40 Lung 38 26
B 82 40 Liver 10 15

°Not performed

To determine further the free steroidal content of umbilical cord
blood, pools of heparinized cord plasma, which had been separated
immediately from red cells and stored frozen, were obtained. t Four
such pools, ranging in size from 90-500 ml., were each extracted
separately. Aliquots were removed for the determination of free 17
hydroxycorticoids by the methods of Nelson and Samuels, and of Por
ter and Silber as modified by Peterson, t and the remainder was studi-
ied by paper chromatography. l'

Figure 1 illustrates the findings of a representative paper chromato- ,.

tDr. E. Makowski of the Department of Obstetrics generously arranged for the collection
of these pooled samples.
:j:See Appendix for appropriate citations and descriptions of method.
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Fig. 1. Typical paper chromatogram of free steroid content of pools of umbilical cord
plasma. Reference standard compounds were applied to the starting line to the left of
the plasma extracts. See text for full description of the characteristics of the material
in each spot.

gram. Material migrating slower than cortisol and staining with blue
tetrazolium was present, material migrating at a rate identical to
cortisol which stained with blue tetrazolium had, in addition, the
follOWing identifying characteristics: absorption of ultraviolet light;
fluorescence in ultraviolet light after treatment with sodium hydroxide;
positive Porter-Silber reaction; and fluorescence at 540 millimicrons
in a solution of 35 per cent ethanol: 65 per cent sulfuric acid. This
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material was further identified as cortisol by its migration rate after
acetylation and by its spectral absorption pattern in concentrated sul-
furic acid. ..

Cortison (.6. 4 pregnene 17 a, 21-diol, 3, 11, 20 trione) has been
tentatively identified by the migration rate on these chromatograms,
by its absorption of ultraviolet light, staining with blue tetrazolium,
NaOH fluorescence, and the positive Porter-Silber reaction. The ace
tate derivative of this substance migrated at a rate identical to cortison
acetate.

Two chromatogram spots with migration rates more rapid than
cortisone were consistently present. The slower of these exhibited
green-yellow fluorescence in ultraviolet light. In addition, it absorbed
light in high degree at a spectral wavelength of 370 millimicrons
after reaction with either the blank or test reagents of the Porter
Silber reaction. The absorptive properties decreased rapidly as the
examining wavelength was increased. The most rapidly migrating
spot absorbed ultraviolet light, failed to stain with blue tetrazolium,
and when heated after alkali treatment, appeared to fluoresce in ultra
violet light. It did not react with the Zimmerman reagent, and strong
absorption peaks at 265 and 235 millimicrons resulted when it was
examined in concentrated sulfuric acid. Further characterization of
this spot has not been attempted. The latter two unidentified spots
are not caffeine, synthetic vitamin K, Demerol,® or Seconal®-drugs
known to have been administered to the mothers represented in these
pools of cord plasma.

These studies of the free steroid content of umbilical cord plasma
demonstrate that in addition to cortisol, significant amounts of corti
sone were also present. A reactive substance more polar than cortisol
was also present in the cord plasma. Thus, the results of measure
ments of 17-hydroxycorticoids by the Porter-Silber reaction in cord
plasma require different interpretation than do results obtained from
the same test applied to the plasma from normal adults. In the latter,
cortisol has been shown to be the principal, and usually the only, free
steroid in plasma extracts which contributes to this color reaction.
In cord plasma, in addition to cortisol, both cortisone and a sub
stance more polar than cortisol appear to contribute significantly to
the Porter-Silber color reaction. It is of more than passing interest
that cortisone has been tentatively identified in the plasma of preg
nant women at termS and has also been tentatively identified in in
cubates of adrenal tissue obtained from premature infants who died
during the neonatal period.3

502

l

1
1

I
1



THE MEDICAL BULLETIN

Using the method of Nelson and Samuels in our laboratory, we
have repeatedly experienced difficulty with excessive background ma
terial in samples of plasma obtained from newborn infants. In the
chromatograms, the substance migrating slightly faster than cortisone
was found to exhibit properties in the Porter-Silber reaction that were
compatible with those of such an interfering substance. In addition,
bilirubin which was observed consistently in increased concentrations
in plasma of newborn infants, may also contribute to the high back
ground.

FREE STEROIDS IN THE PLASMA OF NEWBORN INFANTS AFTER BIRTH

A study of the free steroid content of plasma was made in a group
of full term, normal newborn infants. Because of the physiologic
limitations of the newborn infant as a plasma donor, plasma samples
from many infants had to be combined in order to yield enough
steroidal material for the studies reported here. A sample of approxi
mately 10 cc. of whole blood was obtained from each infant. The
blood was heparinized, and the plasma was immediately separated
and frozen. The plasma samples were then pooled according to the
age of the infant at the time the blood was obtained. Free cortisol
was measured by an in-vitro isotope dilution method. (> Examination
of the chromatograms showed that cortisol was the only free steroid
present in neonatal plasma in concentrations great enough to be identi
fied. Quantitation of cortisol from the samples of umbilical cord
plasma mentioned above was also performed by isotope dilution.
Figure 2 graphically represents the values of free cortisol concen
tration in cord plasma and in plasma pools obtained during the neo
natal period. The cortisol concentration in the sample representing
the third to the twelfth hours of life appears distinctly higher than
that of the other periods. If, for statistical purposes, all other samples
in this series are considered as a group, the 3- to 12-hour value is
significantly higher (± 3.45 SD) than the mean of the remaining
values. Following this early rise, the value was observed to return to
approximately the values of cord plasma and to remain at that level
for the rest of the period studied.

Values of 17-hydroxycorticoids during this time of life, as reported
from several laboratories, have generally had a mean value approxi
mately twice as great as the values reported here for cortisol specifi
cally. Aliquots of these same samples of cord plasma were analyzed

°The cortisol 4-C14 used in this study was generously provided by the Endocrine Study
Section of the National Institutes of Health.
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CORTISOL CONCENTRATION IN PLASMA OF NEONATES

(Isotope Dilution Method)
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by the Porter-Silber method as modified by Peterson. A mean value
of 18 micrograms per 100 cc. was found by the latter method. Some
possible reasons for these differences were mentioned in the preceding
section of this report.

THE METABOLIC FATE OF CORTISOL IN THE NEONATE

In the adult, cortisol meatbolism has been investigated by determi- I··

ning its disappearance rate from plasma after the administration of ••
cortisol, by observing the urinary excretion patterns of steroids, and .
by studying intensively a few individuals following administration of ,.
isotopic cortisol. Such studies have established that the primary site of ~
cortisol metabolism is the liver and that the primary route of excretion
of cortisol metabolites is the urine. It has been determined that ap
proximately 90 per cent of an administered dosage of labeled cortisol
will appear in the urine within 48 hours,9 principally as the reduced
metabolites tetrahydrocortisone and tetrahydrocortisol. The pathway
of degradation may be schematically represented as:

. dih dr . I { tetrahydrocortisol '.cortisol~ Y OCOrtlSO ~ t tr h dr t' 10 Ie a y ocar Isone.
These reduced cortisol derivatives are then conjugated with glucuronic
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acid derived from UDPGA.ll This reaction rate is dependent upon
the activity of glucuronyl transferase and supplies of glucose and DPN.
Under normal conditions the urine of adults contains more than 90
per cent of the 17-hydroxycorticoids in the glucuronide form; the rate
limiting step is the reduction of ring A of cortisol to dihydrocortisoI.
The small amounts of steroid present in adult urine in the uncon
jugated form, therefore, are almost entirely in the form of cortisol
itself. It has recently been shown that the newborn human infant is
incapable of efficiently conjugating bilirubin with glucuronic acid,12,12a
a reaction similar to, but not identical with, the conjugation of steroid
with glucuronic acid. Recent studies have also suggested that the con
jugation of certain drugs with glucuronic acid is poorly performed

. by the human newborn infant.13 We became interested, therefore,
in determining whether or not a limitation of steroid-glucuronide for
mation was also present in the newborn, and, if so, what consequent
changes occurred in cortisol metabolism.

A six-day-old male infant in good health with the exception of a
large encephalocele was studied. Cortisol 4-C14 (0.3 microcuries )
was given intravenously, mixed with 5 mg. of carrier cortisol. Urine
and stools were collected and analyzed by a number of methods for
their content of total radioactivity, radioactivity extractable by various
organic solvents, and steroids as determined by the Porter-Silber
reaction and by paper chromatographic separation. It was found that
82 per cent of the radioactivity from the injected steroid was present
in the urine during the following 48-hour period. Of this amount,
however, only 16 per cent could be detected in successive extractions
with methylene dichloride, ethyl acetate, and butanol, before and after
hydrolysis with beta glucuronidase. Only 1 per cent of the radioactiv
ity was extractable from the stool by these combined procedures.

Three normal full term newborn infants were studied after ad
ministration of 10 mg/Kg of cortisol intravenously. Urine collected
during the following 24 hours was subsequently analyzed for free and·
glucuronide-conjugated 17-0H steroids. The results, shown in Table
4 as percentages of the injected dose, indicate that the recovery of in
jected dose by this method ranged from 4 to 8 per cent in 24 hours.
This low recovery of injected cortisol was similar to the findings in
infants studied with the radioactive material here and elsewhere,14
and it indicates that only a very small fraction of exogenously ad
ministered cortisol remains in a form that both is extractable by
organic solvents and contains the dihydroxy ketone side chain. Com
parable studies in older children and adults indicate that one-third
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or more of administered cortisol is recoverable by this type of pro- I·.

cedure. I5

The urinary steroid excretion was determined in a group of 27 1··

normal infants age 0 to 7 days. Fifty-one specimens were collected ...
and analyzed for their content of steroids by the Porter-Silber re- 1·
action before and after incubation with beta glucuronidase. In ad- •
dition, paper chromatograms of the methylene chloride extracts of •
the free and conjugated fractions were examined. The results of the •
quantitative studies are presented in Table 5t. The total steroid con- .•
tent of most of these specimens was very low, particularly in the first
few days of life. Although the volume of urine was also low during
this time, the infants were able to concentrate the steroid so that it did
not appear that low urine volume was a limiting factor in the excre-
tion of the steroid material. Also, in contrast to the usual finding in
adults, the fraction of the total steroid excreted in the free form, was
high, averaging 21 per cent, measured by this procedure. Examination
of the chromatograms of the free fraction, however, failed to reveal
significant quantities of cortisol, tetrahydrocortisone, or tetrahydro
cortisol. Instead, the bulk of material stainable with blue tetrazolium

tStatistical analyses of these data were perfonned under the guidance of Dr. Richard
McHugh, Department of Biostatistics, University of Minnesota School of Public Health.

TABLE 4
RECOVERY OF INJECTED CORTISOL IN NEWBORNS

AS FREE AND CONJUGATED URINARY STEROIDS

USING THE PORTER-SILBER REACTION

Age of Time After
Dosage Infant Injection Total per

(mg/Kg) (days) (hours) Freeo Glucuronide° period"

10 2% 0-6 1.25 0.33 1.58
6-24 0.96 2.11 3.07

Total 2.21 2.44 4.65

10 3 0-6 1.8 0.7 2.50
6-12 1.4 0.5 1.90

12-18 0.05 0.35 0.40
18-24 0.13 0.14 0.27
Total 3.38 1.69 5.07

3% 0-6 3.6 0.83 4.43
6-24 2.1 1.88 3.98

Total 5.7 2.71 8.41

"Expressed as a percentage of the injected dosage
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TABLE 5
URINARY EXCRETION OF 17-HYDROXYCORTICOIDS BY

NORMAL FULL-TERM INFANTS DURING THE FrnST WEEK OF LIFE"

Total steroid
Day n <a/24 hr.) % Free Mg/Kg

1 5 143.31 ± 57 24.50 ±4.2 .0378 ± .014

2 13 93.86 ± 59 23.32 ± 4.4 .0250 ± .015

3 9 128.62 ± 51 19.61 ± 3.8 .0390 ± .013

4 10 146.56 ± 48 21.83 ± 3.6 .0448 ± .012

5 7 202.42 ± 52 21.20 ± 3.8 .0573 ± .013

6 5 273.04 ± 60 17.02 ± 4.4 .0927 ± .015

7 2 549.64 ± no 22.99 ± 8.2 .1403 ± .028

"The values expressed are the corrected means, followed by ± one standard error.

on these chromatograms migrated much more slowly than did any of
these compounds, indicating that the material had greater polarity.

Because of the above findings, the problem was further examined
in an effort to determine whether the large amounts of unconjugated
steroid present in the urine were due only to inefficiency of the ghi
curonide conjugating system, or whether other factors were also re
sponsible. Further consideration of the data presented in Table 4
showed that in the presence of 'a cortisol load, infants' hourly rates
of glucuronide conjugated steroid excretion were increased. The data
in Figure 3 indicate that after three infants were given cortisol in
high dosage, each exhibited a maximum rate of excretion of conju
gated steroid of approximately 40 micrograms per hour. The greatest
spontaneous rate of steroid glucuronide excretion observed in normal
infants was 20 micrograms per hour, and the mean values for the
second, third, and fourth days of life of the control group were 3.9,
5.3, and 6.1 micrograms per hour, respectively. In spite of these low
values, the infants excreted approximately 20 per cent of the total
steroid in the unconjugated form. These findings suggested that under
normal conditions the newborn infants were conjugating steroid with
glucuronic acid at less than their maximum capacities and that an
alteration of steroid substrate may therefore have been an important
factor in the excretion of urine containing large amounts of steroids in
the unconjugated form.

Twenty-four hour urine samples from a group of normal infants
aged one to six days were extracted with ethyl acetate following
methylene chloride extraction before and after incubation with beta
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Fig. 3. Graphic iadication that the normal infant
steroids at a rate well below his maximum capacity.

glucuronidase. The additional extractions resulted in a mean increase
of 26 per cent of total steroid measurable by the Porter-Silber reaction
when compared with the amount measured after extraction with
methylene chloride alone. Chromatograms demonstrated that this
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additional extracted material was almost entirely the same highly
polar material as seen in the methylene chloride extracts of both the
free and conjugated fractions (vide supra). This polar material had
been very inefficiently extracted from the urine by methylene chloride
alone. Further studies of this material by paper chromatography and
spectral absorption, to be reported in detail elsewhere, indicate that
at least four a ketolic substances are present. Two of these substances
have now been tentatively identified: They are 6-beta hydroxycortisol
and its reduced hydroxylated derivative. A third substance has been
partially identified as 2-alpha hydroxycortisol. The fourth substance
is of such great polarity that its identification remains incomplete.

It would appear, therefore, that in addition to metabolizing corti
sol to the tetrahydro forms of cortisol and cortisone, the newborn in
fant also metabolizes cortisol in significant quantity to a 6-beta hy
droxylated form. A hydroxyl group on carbon 3 of the steroid mole
cule is a prerequisite for the conjugation of steroid with glucuronic
acid derived from UDPGA. Cortisol which is hydroxylated in the
6-beta position of the molecule and remains unchanged in its 6. 4, 3
ketone configuration cannot, therefore, be conjugated. Since some
reduced derivative of 6 f3 OH cortisol appears in both the free and
conjugated fractions, it seems possible that an additional hydroxyl
group in the 6-beta position may be associated with a slower rate of
steroid glucuronide formation than are the simpler tetrahydro forms
of cortisol and cortisone. Evidence that these 6-beta hydroxylated
derivatives of cortisol originate from cortisol itself has been noted in
our laboratory in the following findings: (1) Greater quantities of these
forms appeared after the administration of cortisol to newborns; and
(2) Radioactivity appeared in high concentration in the area of the
chromatogram representing these polar compounds after the adminis
tration of labeled cortisol to a six-day-old infant. The finding of 6 f3
OH cortisol has been previously reported in normal adult man,16 and
an increase in its excretion was noted after the administration of
cortisol,17 Quantitative studies have not been performed, but only
trace amounts of this substance appear to be present in the urine of
normal adults; and after administration of cortisol, only a very minute
fraction of the dose is excreted in this form. The difference between
adult and newborn, therefore, with respect to the amount of cortisol
metabolized to 6 f3 OH cortisol appears to be one of degree, the
amounts found in newborns being relatively large.

Interestingly, an increase in this steroid form has been noted in
the urine of pregnant women near term.IS This could be a reflection
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of fetal metabolism of cortisol, if 6-beta hydroxy cortisol can pass in
tact from infant to mother. Our findings, cited above, indicate that
its presence in the urine of normal newborn infants is the result of
the infant's metabolism. No evidence has been found to show that
excretion of this steroid is a result of its transfer from mother to in
fant. Further studies of these compounds and of the disposition of
cortisol in the neonatal period are needed to define the full significance
of the differences from adult metabolism noted here. Particular at
tention must be given to the large fraction that remains unextracted
even with the most polar solvents. It is possible that very highly
hydroxylated or even ionized derivatives of cortisol may constitute the
alternate pathway necessary to compensate for a low rate of formation
of steroid glucuronides in the newborn.

ABILITY OF THE NEWBORN'S ADRENAL CORTEX

TO RESPOND TO STIMULATION

In the older child and in the adult, the administration of suitable
preparations of adrenal corticotrophic hormone, and life situations
associated with physiologic and psychologic stress, result in increased
production of adrenal cortical steroids. This can be demonstrated by
a rise in the level of circulating steroids and urinary excretion of ster
oid metabolites. The responsiveness of the adrenal secretory activity
can also be measured in these subjects by changes in extra-adrenal
metabolism mediated by the increased amount of steroid present.
Water and electrolyte metabolism, circulating eosinophile counts,
nitrogen metabolism, and carbohydrate metabolism each have charac
teristic changes associated with increased adrenal cortical activity.
Because normally the newborn infant changes rapidly during his first
week of adaptation to extra-uterine life, and because of the pre
cariousness of his physiologic state, studies of induced changes in
neonates are fraught with technical difficulties and potential stress to
the infant's health. Thus, few definitive studies of adrenal cortical re
sponsiveness in the neonatal period have been reported. The unique
nature of this hospital-to which infants are frequently referred for
required surgical procedures during the neonatal period-has allowed
the study of a number of infants with various types of anomalies and
illnesses requiring surgery during the first few days of life.

The urinary steroid excretion of five infants undergoing surgery
during the first week of life has been studied by the methods described
above. When compared with the group of normal infants, the infants
undergoing surgery demonstrated no significant increase of urinary
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steroid excretion when the stressful event occurred during the first
week of life. Furthermore, the pattern of free to conjugated steroid
was the same in the infants undergoing surgery during the first week
as in infants not subjected to surgery. In marked contrast to these
findings was the increased urinary steroid excretion of infants sub
jected to stressful influences of the same magnitude after the seventh
day of life. In a few infants in whom studies of steroid excretion were
performed over a prolonged period, the same sequence of events oc
curred. During the first week of life no increase in excretion of ster
oids resulted from the stress, but during the second week of life very
high steroid values were associated with the surgical procedure.
Studies of the urinary steroid metabolites, made by re-extraction of
the urine with ethyl acetate after methylene chloride, suggested that
some increase in these very polar steroids actually did occur in asso
ciation with surgery even early in life.

To determine whether or not the urinary steroid excretion failed
to rise because of inadequate endogenous production of ACTH, a
potent preparation of adrenal corticotrophic hormone was adminis
tered to four infants. In certain cases it was possible to measure the
plasma steroid content as well. The results of these studies were
similar to those of the studies on infants undergoing surgery. During
the first week of life the urinary steroid excretion after ACTH was
within the limits of values found in the normal infants. In addition,
there appeared to be no rise in the concentration of circulating steroid.
It appeared, therefore, either that the infants were not responsive to
administered ACTH until the second week of life or that the changes
mediated by ACTH escaped detection by the methodology employed.
Studies, cited earlier, of the low recovery of administered cortisol as
metabolites may well have direct bearing on investigations such as
this. There is a strong possibility that a large fraction of the cortisol
produced by the gland of the infant also escapes detection. This,
however, does not adequately explain the unaltered levels of circulat
ing cortisol measured directly in these infants. More definitive meth
odology, however, is clearly needed in order to define fully the func
tional state of the adrenal cortex in the newborn.

SUMMARY

Normal and abnormal infants have been studied during the neo
natal period and efforts have been made to define further the func
tional state and ability of the pituitary-adrenal axis. These studies
have confirmed the findings of others that a significant transfer of

511



THE MEDICAL BULLETIN

cortisol and its metabolites to the neonate occurs via the placenta.
They have shown that at the time of birth, the infant's plasma contains
cortisol, cortisone, and at least one other substance which is measured
in the usual technique employed for the determination of free plasma
17-hydroxycorticoids. The Porter-Silber reaction of extracts of plasma
from the umbilical cord, therefore, requires different interpretation
from that given to this same test as employed in adults. In studies of
postnatal blood, the only free adrenocortical steroid found in signifi
cant quantity in the peripheral venous plasma was cortisol. The cor
tisol concentration in plasma rose briefly during the first 12 hours of
life and fell during the next several days to values slightly lower than
those of the average adult. The urinary excretion of adrenocortical
steroids was found to be low during the first week of life, and it was
normally composed of a higher percentage of free steroid than is
usually found in the urine of normal children and adults. Although
a diminished ability of the infant to conjugate steroid metabolites with
glucuronic acid may be responsible for this phenomenon, an altered
pathway of metabolism of cortisol is also implicated. The finding that
in the urine of newborn infants 6-beta hydroxy cortisol, as well as its
reduced derivative, exists in relatively high quantity, suggests that the
unconjugat!!ble nature of the steroids in this free fraction also accounts
in part for the relatively low percentage of conjugated steroids. Al
though adrenal responsiveness to surgical procedures and ACTH could
not be demonstrated, no conclusions are permissible regarding the
state of adequacy of the adrenal cortex itself. The metabolic adapta
tions during adjustment to extra-uterine existence may alter the rates
and routes of steroid disposition in a way that we have not yet sus
pected.
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ApPENDIX

Methods
All urine and plasma was extracted with methylene chloride,

purified by passage over silica gel, and, in some cases, further extract
ed with ethyl acetate. Extractions were carried out in a Rinco ball
extractor! or in separatory funnels. Beta-glucuronidase (Ketodase®)
has been employed for hydrolysis of the glucuronide steroid complex.
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Quantitative measurements of 17-OR C21 steroids have been made
by a Porter-Silber color reaction2 (acid phenylhydrazine with sulfuric
acid), performed on the purified methylene chloride or ethyl acetate
extracts. Cortisol levels have been measured by the isotope dilution
method of Peterson.3

Paper chromatograms have been developed in Bush-type systems.·
The following staining reactions have been used for identification:

a. blue tetrazolium staining = a-ketol structure on side chain

b. UV absorbance @ 240 mp' = f:::, 43-ketone
c. production of fluorescence after treatment with NaOR and

heating at 80 0 C. = f:::, 43-ketone
d. Zimmerman reaction = 17-keto structure
e. reaction with acid phenylhydrazine =dihydrox-acetone

side chain.
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Medical School Activities

Faculty News

An exhibit on intravenous aortography prepared by DR. EUGENE F.
BERNSTEIN, Medical Fellow in Surgery at University of Minnesota
Hospitals, recently won first place in the SAMA-Lakeside award in
the scientific exhibits of the 9th Annual Convention of the Student
American Medical Association.

Student News

On April 30, the following members of the Senior Class were
received into membership in Alpha Omega Alpha, honorary medical
fraternity:

William J. Broussard Arthur T. Lindeland

Carl E. Christenson Thomas 1. Litman

Wilfred A. Corson

Michael W. Davis

W. Daniel Flory

Mark D. Hafermann

Stephen A. Kieffer

Miles 1. Lane

Douglass A. Lowe

Ray M. Martinson

Thomas F. Mulrooney

Lee A. Simso

William N. Spellacy

Thomas O. Swallen

In addition, the following members of the Junior Class were also
initiated:

Murray W. Lufkin

Kenneth P. Manick

Philip J. Worrell
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WEEKLY CONFERENCES OF GENERAL INTEREST

Physicians Welcome

Monday, 9:00 to 10:50 A.M. OBSTETRICS AND GYNECOLOGY
Old Nursery, Station 57
University Hospitals

12:30 to 1:30 P.M. PHYSIOLOGY-
PHYSIOLOGICAL CHEMISTRY
214 Millard Hall

4:00 to 6:00 P.M. ANESTHESIOLOGY
Classroom 100
Mayo Memorial

Tuesday, 12:30 to 1:20 P.M. PATHOLOGY
104 Jackson Hall

Thursday,
11:30 A.M. to 12:30 P.M.

Friday,

TUMOR
Todd Amphitheater
University Hospitals

7:45 to 9:00 A.M. PEDIATRICS
McQuarrie Pediatric Library,
1450 Mayo Memorial

8:00 to 10:00 A.M. NEUROLOGY
Station 50, University Hospitals

9:00 to 10:00 A.M. MEDICINE
Todd Amphitheater
University Hospitals

1:30 to 2.30 P.M. DERMATOLOGY
Eustis Amphitheater
University Hospitals

Saturday, 7:45 to 9:00 A.M. ORTHOPEDICS
Powell Hall Amphitheater

9:15 to 11:30 A.M. SURGERY
Todd Amphitheater
University Hospitals

For detailed information concerning all conferences, seminars, and
ward rounds at University Hospitals, Ancker Hospital, Minneapolis
General Hospitals, and the Minneapolis Veterans Administration Hos
pital, write to the Editor of the BULLETIN, 1342 Mayo Memorial,
University of Minnesota, Minneapolis 14, Minnesota.




