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SOME OBSERVATIONS ON FRACTURES OF THE HEAD OF THE RADIUS

WITH

ExPERIENCE has taught the surgeon in his approach
to the injured elbow to regard this complicated hinge
joint with trepidation and with great respect.

The elbow-joint tolerates trauma very badly.

/@ Even a minor injury can be responsible for some

@ residual loss of range of movement of the joint.
Fractures of the head of the radius have been
i variously estimated as forming 17 per cent (Jones,
1935) and 44 per cent (Murray, 1940) of all elbow
injuries.

A survey in this area of all elbow fractures and
dislocations, including the supracondylar fracture of
the humerus of children, reveals some 30 per cent
¢ of fractures of the head of the radius.

ANATOMICAL CONSIDERATIONS

. .  The head of the radius very grossly resembles the
@ structure of the patella, consisting of the columnar
. type of dense cancellous bone running in a more or
. less longitudinal pattern. In consequence, fractures
. of the radial head tend to be oblique or longitudinal
in direction. The head and its articular circum-
ference are intra-articular, the articular circumference
being deepest on the medial side where it articulates
with the radial notch of the ulna.
_, During the flexion and extension movements of
. the elbow, the radial head glides to and fro over the
© capitellum of the humerus. The capitellum and the
| radial head are reciprocally curved ; but actual
i contact between the surfaces is only present when
L the elbow is flexed to 130°, and the radius is in the
¢ mid-prone position. This can be demonstrated at
¢ operation and by dissection of the cadaver when the
© separation between the articular surfaces may be as
much as } in.
This consideration is of great importance. It
. means that in order for the flexion or extension range
" of movement of the joint to be limited, a moderately
L severe mechanical interference with this gliding
" motion must be present.
Cadaveral dissection and operation on the elbow-
& joint also reveal that full rotation at the proximal
. radio-ulnar joint requires accurate anatomical posi-
| ton of the head of the radius in the radial notch of
the ulna. This is a tightly-fitting pivot joint held
in position by the annular ligament.

Although during the backward and forward
ovement of the radial head on the capitellum, the
ead of the radius is moved on the radial notch of
e ulna, and the annular ligament is slewed back-
ards and forwards at the same time, complete
ontact between the articular circumference of the
adial head and the radial notch is always main-
tained. The supination and pronation movements
{3t the proximal radio-ulnar joint, as judged by
" rotation of the elbow, are each in the nature of an
“arc of 160°. This corresponds with 320" of the
articular circumference of the radial head. That
. portion of the head of the radius which forms the
[ last 40° (one-ninth) of the articular circumference

£
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on its lateral border does not articulate with the
radial notch of the ulna. Theoretically, this would
mean that if more than one-ninth of the lateral seg-
ment of the radial head is involved in the fracture,
the range of rotation movement at the elbow-joint
will be limited. This limitation will be further
increased should the injury, by tilting the fractured
sector, put out of line the tightly-fitting pivot radio-
ulnar joint. This is only a theoretical consideration
and its practical application will be discussed later.

MECHANISM OF THE INJURY

In what is probably one of the earliest detailed
descriptions of this injury, Cutler (1926) states' that
direct trauma was responsible for the fracture of the
radial head, and Flemming (1932) found that 75 per
cent of his cases were caused by direct injury.

It is now generaily agreed that indirect trauma
through the long axis of the radius is the usual cause.

It is with great difficulty that the patients can
recall the exact mode of falling other than that they
may attempt to break fall with the hand.

Experimentally, if the ball of the hand of the
cadaver is.heavily struck, the wrist being pronated,
fully dorsiflexed, and radially deviated with the
elbow flexed to 1307, and held firmly in a vice,
dislocations of the elbow-joint and Monteggia type
of fractures can relatively easily be produced (Mason,
1953).

Dislocations of the elbow-joint associated with
fractures of the head of the radius are of sufficient
frequency that they may be considéred as part of
the same traumatic process.

These observations agree with thosc of Hein,
who, in a discussion of Key’s Report (1931), con-
sidered that dislocations of the elbow-joint and
fractures of the head of the radius had a common
origin. This important factor, 1 believe, has a
bearing on the subsequent disability of the joint,
and will be discussed later.

CLINICAL REVIEW

The purpose of this investigation is to follow up
the end-results in 100 cases of fracture of the head
of the radius treated by conservative and operative
measures ; to attempt to assess the loss of range of
movement of the elbow-joint if present, in relation
to the bony and soft-tissue injury suffered by it,
and to discuss its significance. It is also intended
to discuss the method of treatment adopted in
relation to the final functional results.

Selection of Cases.—The 100 cases Wwerc
selected at random. Only those patients were
included in which the interval between the injury
and the follow-up was twelve months or more.
The epiphysial displacement and neck fractures of
children and young adults were excluded. No
patient was included who had also sustained disloca-
tion of the elbow, or fracture of the other components
of the joint, apart from minor chip fractures.
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Each of the 100 cases was examined at a follow-up
clinic. The function of the elbow was estimated,
the actual range of movemient of the joint measured
in degrees, the presence of pain noted, and the
interval between the injury and return to work
recorded.

Sex Incidence.—There were 48 female patients
and 52 male patients. ~Almost all the female patients

Fic. 151.—Case M. E. Anteroposterior radiograph taken,
19 months after the original * subchondral > fissure fracture of
the radial head. The elbow-joint is normal. he fissure
e e Js still visible. This is the usual phenomenon in any
intra-articular fracture where callus formation might interfere
with joint function. Function of the joint was full.

were housewives and most of the males were engaged
in work of a heavy nature.

Age Group.—The average age of the 100
patients was 31 years. Most were between the ages
of 20 to 40 years, probably the period “of greatest
muscular activity.

The average interval between the follow-up and
the injury was 26 months, the longest being 60
months and the shortest 12 months.

Classification of the Fractures of the Head
of the Radius.—The fractures were classified into
three clinical types corresponding with a description
of the radiological findings. No compound fracture
was included. No ¢ flake’ fractures of the head
were encountered.

Type 1.—Fissure fractures
fractures without displacement.

This type consists of the ¢ subchondral * crack
fracture, and of fractures involving a sector of the
lateral quadrant of the head of the radius without
displacement. ; 7

Type 2.—Marginal sector fractures with displace-
ment.

This is the type in which a segment of the lateral
border of the radial head is separated from the other
quadrants, is impacted and depressed, or is tilted
out of line.

or marginal sector

TOURNAL OF

SURGERY FRACTURES OF. . THE

The fissure fracture of the plateau of the radial head
often still visible. This is the usual phenomenon in
W-aﬂicular fractures where callus and new bone
tion might interfere with joint function.

Type 3.—Comminuted fractures involving the wholes
head of the radius. :
The actual classification of the 100 cases is shown

in Table I. ig. 151 shows the radiograph of a normal elbow-
ntwith a © subchonc_iral £ ﬁssure fracture. The_ original
Table I.—CLASSIFICATION OF FRACTURES OF THE jury had been sustained nineteen months previously.

“The fissure fracture is still visible.
. Fig. 152 shows the original and subsequent (thirty
‘months later) radiographs of a typical marginal sector
3 e without displacement. The fracture has united
and the elbow-joint appears normal.
TiME OFF WORK.—The average duration of time

RapiaL HEAD IN 100 CASES

T
NUMBER OF
CASES

PERCENTAGE

Type 1: Fissure or marginal between the injury and resumption of normal work was
fractures without displace- . ’ 8 weeks. The housewife usually recommenced her
ment 2 = ties at 3—4 weeks, whilst the heavy worker recommenced
Type 2 : Marginal sector frac-| his at 5-6 weeks. K
tures with displacement 20 20 : ;

This analysis demonstrates that each of the

st e g L b
Type 3: Comminuted frac-
tures_ involving the whole
head of the radius 18

s el e St AR

62 patients with a Type I fracture of the radial
head treated on conservative lines had regained full
function of the elbow-joint and returned to normal
work in an average of 4-8 weeks.

Six patients complained of minimal discomfort
on the medial joint aspect.

Forty-two patients showed a full range of move-
ment of the joint.

© Twenty patients showed an average loss of 8" of
extension movement of the elbow-joint.

ToTAL 100
| |

S W 2 R R

Most of the radiographs and all the clinical notes?
taken at the time of injury were available for inspec-:
tion.

Tt will be seen from Table I that 62 cases (62 p
cent) of fracture of the head of the radius weres
uncomplicated by displacement, whilst 38 cases
(38 per cent) were associated with displacement of
the fragments.

CLINICAL ANALYSIS OF CASE GROUPS

It was decided to analyse in detail the series of§ %
cases of each type of fracture and to correlate th
treatments of these patients with the findings of
clinical and radiological examination.

* AnaLysis oF THE 20 Cases OF TYPE 2 FRACTURE
(Marginal Sector Fractures with Displacement)

* ORIGINAL TREATMENT.—
" 1. Cases treated Conservatively.—Fifteen of these
o cases had been treated on conservative lines as for
Pype 1 fracture :—
Seven of these 15 patients had a segmental fracture
“less than one-quarter of the articular circumference of
the radial head with depression of the fractured portion
ow the joint line without tilting.
'l:he remaining 8 patients had been judged border-
e * cases.
. -Thcse patients had sustained sector fractures of the
fadial head in which the lateral segment was comminuted,
tilted, and displaced below the joint surface.
The fracture involved one-quarter or more of the
ar circumference of the head, but the distortion
: e articular plateau was not considered of a degree
“Which would interfere with joint movement.
hese cases were thought to be on the borderline
ten conservative and operative treatment, and
Xeision of the head of the radius was not undertaken.
3. Cases treated by Operation.— Five patients had been
ed by early total excision of the radial head. In

There was no joint laxity, no tenderness over thel . ?S:fs tthh: spgmex;(al fracu%re Waﬁ gfieatcr than one-
medial ligament, and no abnormality nf‘the distal rad; e fracture vf;;’cgg;:;sesr;c‘:ie E:)nd[kﬁlte;asooﬁsd:g E(Siig:(
‘;Jl;:lsal;](l)(;;:‘];l‘?na:ﬁ, r?afsgsm 62 cases. The ‘ carrying-ang i ll?‘t{i;ular D S s

Range of Movement of the Elbow—?r'oll’:t.—lgm‘y 'm‘nIiﬁGzSheOglbgztiF;ﬁ:L_EXAMINATION'_

full range of movement of the elbow=)9. 3 R s ‘

Slz'ii/e:mh; dca:es slixowr;%i an average of 8~ loss of extensiod C?;;;;:wd sfnxervatwely.‘ fS % Ofgl.: 15 ;%anﬁms
movement of the elbow-joint, but supination and prop* ined of BRI e pa;\n— i "%e t? 4 de“i
tion movements were full. The loss of extension rangs and there SOMIS PR D th? region ot fthe rd mf
of movement was no dXSablllty g im El hWanCrkf;pl(uS n [. 1S regilon Oﬁ ro(a_upn 1?

Function of the Elbow-joint. Each of the 62 patlﬁ ﬂéd‘bgrée?linte ;:s:ﬂszspanems WERC C DR
22?;“;‘111;:&@‘1:1?‘12&‘}é?s:éibﬁ’:_ oint and was doing ,Thel‘? was no pain over the medial joint ligament, no

v . il < o L

R ADIOGRAPHIC EXAMINATION OF THE ELBOW-JORNTY 15 tZ;si"d rlm o5 ok ca“ymg'?gli o i of

Ten cases were subjected to X-ray examination. hel wasnomiﬂ n il 1 opcases the disiab s O Hat
elected at random. p 2, i Ky 5

wcr?l'\srpliecany the elbow-joint was normal. The artic hﬁi‘iz;f é;ef].tfdhbyc{wem“o" .dfl‘he 5 patients treated
plateau of the radius was not distorted and the late™ i the i NOf [hed“ ‘l“S.mad? s complaint
and medial joint surfaces were regular in outline. The nstrable i:—;m i ;’ ‘;1“ o a)élty o )( ﬁ JSHIE “ss
was no evidence of osteo-arthritic change. any of them, - and an (SaCkcase e

ANALYSIS OF THE 62 Casgs OF TYPE I FRACTURE]
(Fissure or Marginal Fractures without Displacement

ORriGINAL TREATMENT.—Each of these 62 patients]
had been treated conservatively. .=

The limb had been immobilized in a sling, or 1t
plaster-of-Paris cylinder with the elbow at 9o~ of flexiofs
for an average of 16 days. 3

If by then the traumatic hzmarthrosis had beed
absorbed, active elbow exercises were commenced.

FINDINGS ON CLINICAL EXAMINATION.—

Pain in the Elbow-joint.—Fifty-six cases made
complaint of pain. Six cases complained of an occasio
ache on the medial side of the joint.
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¢ carrying-angle* and the distal radio-ulnar joint were
normal.

Range of Movement of the Elbow-joint.—

1. Cases treated conservatively : ~Seven of the 15
patients treated by conservative measures had a full
flexion movement, but extension range of the elbow-
joint was limited by an average of 10° of movement, and
supination and pronation range of the joint was limited
by zn average of 15° of each movement.

The 8 ° borderline ’ cases had a full flexion range,
but extension range was limited by an average of 15 of
movement.

Supination and pronation range of the joint was
limited by an average of 30" of each movement.

5. Cases treated by operation : The 5 patients treated
by operative removal of the whole head showed an average
loss of extension motion of 20°, but a full rotation range
of movement of the elbow-joint.

Function of the Elbow-joint.—

1. Cases treated conservatively : Seven of the 15 con-
servatively treated cases had full function, and 3 labourers
amongst them were back doing their normal heavy work.
The 8 © borderline * cases had good function, but 4 of
them were now doing work of a lighter nature.

The extension loss of 15° was no disability to them,
but the lack of rotation by a total of 60 was a severe
handicap, especially for heavy shovelling work, or work
involving the use of a screwdriver.

2. Cases treated by operation : The 5 patients treated
by total excision of the radial head all had returned to
their normal work.

They were housewives, and the loss of the last 20°
of extension of the elbow-joint was no handicap to them.

RADIOGRAPHIC EXAMINATION OF THE ELBOW-JOINT.—

L. Cases treated Conservatively.~—Ten of the 15 cases
were selected at random and subjected to X-ray examina-
tion. Five of these patients originally had sustained a
sector fracture of the radial head consisting of less than
one-quarter of the articular circumference with depression
of the fragment and no tilting. Typically the elbow-
joint was normal with no osteo-arthritic changes. Fig.
153 shows one of these cases. The original radiograph
is that of a typical Type 2 fracture, whilst the subsequent
radiograph taken 15 months later shows a healed fracture
with a normal elbow-joint.

The other 5 patients were ‘ borderline’ cases. In
these cases the lateral joint compartment was distorted.
The articular plateau of the radial head was irregular and
osteo-arthritic changes were evident. The medial joint
compartment appeared normal.

Fig. 154 shows the original and subsequent (27 months
later) radiographs of a case considered initially as ‘ border-
line *. The original fracture is well defined, and involves
more than one-quarter of the radial plateau. It is com-
minuted and tilted out of line. The fracture has healed
with gross distortion of the articular circumference and
the plateau of the radial head.

Fig. 155 shows the original and subsequent (42 months
later) radiographs of another case of this group.

The fracture consists of one-quarter of the circum-
ference of the head, but is tilted out of line. The subse-
quent radiograph shows a healed fracture with gross
distortion of the radial head and early degenerative
changes.

5. Cases treated by Operation.—Three of the 5 cases
were subjected to X-ray examination. The radial head
had been completely excised. The contour of the
capitellum was normal and there was no osteo-arthritic
change. Some new bone had formed around the neck
of the radius.

TIME OFF WORK.—

1. Cases treated Conservarively.—Seven of the I5
patients treated by conservative methods were back at
their normal work in an average of 5 weeks from the
time of the original injury.
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The 8 ‘borderline’ caSes were absent from their This series of 20 cases of Type 2 fracture of the
rk for an average period of 115 weeks ; but 4 of them  head of the radius demonstrates some interesting

% vork of a i ture.
had had t0 undertake work of a lighter na ure Featines,
2. Cases treated by Operation.—The 5 patients treated Tt L £ thi 3 Rich o
excision of the head of the radius were doing their e 7 pauents of this group m which the seg-
al household duties in an average of 8:5 weeks. mental fracture consisting of less than one-quarter

PERE T

EgSCEPE T8

B

% A
FI1G. 152.—Case N. P. Anteroposterior radiographs showing a typical

radiograph : B, The subsequent X-ray photograph taken 30 months later.
normal. The function of the joint was full

Type 1 fracture of the radial head. A, The original
The fracture has united and the elhn»w»lum( appears

B

FiG. 154.—Case E. W. A, The original anteroposterior radiograph. The fracture of the head of the radius had been
considered a * borderline ” case and treated conservatively. The fracture involves more than one-quarter of the articular
plateau and it tilted out of line. B, The subsequent radiograph taken 27 months later. The fracture has united, leaving a
grossly distorted radial head. Note the fissure still present in the articular plateau. This patient had lost 60 of rotation
range of the elbow-joint 2nd was now undertaking lighter work.

B FIG. 155.—Case R. J. A, Showing the original lateral radiograph of a Type 2 fracture of the head of the radius considered

borderline » = R i o F th :

X ; ; ; - The erliric * and treated on conservative lines. The fracture involves one-quarter of the articular circumference, but is tilted

Fio. 153.—Case V. C. A, The original anteroposterior X-ray picture of a Type 2 fracture o he ‘:gg*‘-‘shzﬁ- aleds % Out of line. B, The subsequent radiograph, taken 42 months later, shows a healed fracture with gross distortion of the
; ular circumference, is depressed below the joint surtace, Aticular platean and early osteo-arthritic changes. This patient, on account of the loss of rotation movement, was forced

: sector fracture is less than one-quarter of the artic : g che Joint sirfuce, ad s et HIEC
3 o “The Jateral radiograph taken 1s months later. The plateau of the head of the radi d the elbow joift

10 give up w i = G
i i i [he func i p work involving the use of a shovel.
appears normal.  Note the *chip” fracture of the coronoid process visible in both radiographs. The function of
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of the articular circumference of the radial head was
depressed bglow the joint surface without tilting
had all regained full use of the elbow despite an
average loss of 10 of extension movement and 30
of total rotation range of the elbow-joint. They

F1G6. 156.—Case P. S. An i

56.—Ca . S. Anteroposterior radiograph tak
18 months after resection of the radial head for ap’l‘\;t“;
e I‘h:redns o osdlgo'-uuhmis and minimal new-bone
formation around the radial neck. Fi f
[SEon e unction of the elbow-

had returned to their normal work in an average of
5 weeks.

The 5 patients on whom excision of the head of
the radius had been performed on account of distor-
tion of the articular plateau, had full function despite
the loss of the last 20° extension movement of the
elbow-lqlnt. They had regained a full rotation
range of movement and had returned to their normal
duties in an average of 8-5 weeks.

The 8 * borderline * cases had only regained good
elbow function with an average loss of 15° extension
movement, but with 60° loss of rotation range of
elbow movement. They had returned to work in
in average offng weeks, but 4 patients were unable
n account of this rotati i
e tion loss to return to their

.Nme patients of these 20 complained of some
pain over the radial head, but no pain over the
mcdlz_il joint ligament.

Eight of these cases
cases.

It is proposed to discuss these  borderline * cases
below.

. As with the Type 1 fracture, a constant feature of
this series of 20 cases was the loss of extension
motion of the elbow-joint even after excision of the
radial head.

were the °borderline ’

JOURNAL

OF SURGERY

ANALYSIS OF THE 18 CasEs oF TYPE 3 Frac
(Comminuted Fracture involving the

Whole Radial Head) 3 e

o ORIGINAL TREATMENT_.fEaCh of these 18 cases had ®
‘Lcnl treated by [ota_l excision of the radial head. T,
Ll_)l;lSlb[Cd_ of cases in which there had been com 1e
dlso;‘gam'zanon of the head of the radius v
xcision had been carried out on an av

- i oL BV EISRE ol

after the initial injury. ey
;jmnmcs ON_CLINICAL EXAMINATION.—

K ain in the Elbow-joint.—Eight patients complaineg
of minimal pain over the lateral joint line, and on rotation$
of t}_}e Joint crepitus could be elicited in this area. 1

en patients made no complaint of pai :

i A _comp pain. There#
Wwas no pain over the medial joint line and no undx‘;e
laxity in any of them.

o No abnormality of the distal radio-ulnar joint wag®
umox:ns;rablc in any of these 18 cases. The © carrying
angle’ in each case was normal. i
Range of Movement of the Elbow-joint.—None o
18 patients had a full range of joint movement.
§7 of them extension was limited by an average of
upination and pronation range was limited
average of 15° of each movement.

2 Sge paﬁueréi( who developed myositis Ossificans had

ow fixed in 90° of flexion. There wa: i 3
. Py " 5 S

range from this position. T §
Function of the Elbow-joint.—Seventeen of these &
patients had full use of the joint and were all doing their

6 dayy E

¥

F1G. 157.— Case M. B. L i

. 157.— Case M. B. Lateral radiograph taken 31 mo:
after operative treatment for a Type 3 fracture.  The J
surfaces are normal and there is minimal new-bone format:cn

in the region of the radial neck. This patient was doing

normal work as a farm labourer.

normal work. Eight were housewives and 9 were men
doing heavy work. E
The loss of extension of 25° was no disability and
none of the cases had noticed the 30° loss of rotation =
range of movement. 3
he one patient with myositi i

: yositis ossificans was coping
with her housework, but had a poor function of the
joint.

3 RAD[_OGRAPH!C EXAMINATION OF THE ELBOW-JOINT.—
Eight of (h'c 18 cases were selected at random and zub- |
jected to X-ray examination. Typically the radiograph
showed complete excision of the radial head. There

PRACTURES, .  OF "THE

& ¢ no evidence of degenerative change, and the joint

surfaces Were normal. ) .
Some new bone had formed in the region of the

al neck, but did not encroach on the new °joint

ce’. :
Figs. 156 and 157 show the radiographs of two typical

_ @ses, taken 18 months and 31 months after resection of

the radial head. There is minimal new bone formation
and no osteo-arthritis. !

TiME OFF WORK.—The average time off work for
.(hese 18 cases was 9-5 weeks. ;
" The housewife had returned to her normal duties in

* § weeks, whilst the heavy worker had returned to his in
%11 weeks.

This analysis of 18 cases of comminuted fracture
of the radial head treated by early excision demon-
strates that 17 patients had regained full use of the
elbow-joint and were back doing their normal work
in 9'5 weeks. This function had been regained
despite an average loss of 25 of full extension move-
ment of the elbow-joint. This loss of extension
range was no disability. The loss of 30" of rotation
range likewise was no hazard to full work. One
patient with myositis ossificans had no range of
movement of the joint and poor function.

Eight patients complained of occasional pain over
the lateral joint line, but it was insufficient to impair
the function of the joint.

A constant feature in all these cases despite the
absence of the head of the radius was the loss of
extension movement of the elbow-joint.

DISCUSSION

Jones (1935) succinctly states that *“ the fracture
of the head of the radius is a sérious injury, and

- whilst the prognosis is good for recovery of a useful

elbow, rarely is it a normal elbow ™.

This clinical review of 100 cases of all types of

fracture of the head of the radius adequately bears
out this statement.
" Only 1 patient, complicated by myositis ossificans
after excision of the radial head, had poor function of
the elbow-joint. The remaining 99 patients had all
recovered full or good function, and were able to
return to their work, although 4 of them had had to
undertake work of a lighter nature on account of a
residual disability.

The aim of any orthopzdic procedure is to
attempt to restore normal function whenever possible
and as soon as possible.

Method of Treatment and the End-result.—

~ A study of the detailed analysis of the cases of each

type of fracture reveals some interesting considera-
tions.

Each of the 62 cases of Type 1 fracture—fissure
or marginal sector fractures without displacement—
T-reate_d by conservative measures, had regained full
function of the joint, whilst 42 of these patients
having regained a full range of elbow movement,
had also recovered a normal elbow. This function
had been restored in an average of 48 weeks.

This indicates that for the best chance of a
Perfect result, the fracture of the head of the radius
must be in perfect position.

An elbow-joint with full rotation range of move-
ment, but with limitation of flexion and extension
15 a much more useful member than one in which
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rotation is limited and the flexion-extension range
is full. 2

The last 40° (one-ninth) of the articular circum-
ference of the radial head plays no part in the rota-
tion movement of the proximal radio-ulnar joint.
This review indicates that a loss of 30 range of
rotation movement does not adversely affect func-
tion. This means in effect that, providing the
fracture of the lateral articular circumference of the
head involves no more than an arc of 707, the remain-
ing 290° being intact, the rotation function will be
preserved.

From the practical point of view, and despite the
theoretical consideration of one-ninth (40°) if more
than one-quarter (90”) of the articular circumnference
of the head of the radius is involved in the fracture,
limitation of rotation sufficient to impair function
will inevitably result.

“Of the 18 cases of Type 3 fracture—comminuted
fracture of the whole head treated by resection—
17 had regained normal function of the elbow-joint
in an average of 9-5 weeks, but none of these had a
normal elbow. (The case of myositis ossificans was
due to a prolonged unsuccessful search for a frag-
ment of the radial head which was outside the joint
capsule.) These 17 patients had recovered almost
full rotation, the loss of range being 30°. The loss
of extension range of 25~ was no disability.

It is considered that this restoration of rotation
range was responsible for the ability of these patients
to resume their normal duties quickly and efficiently.

The fracture of the radial head without displace-
ment, and the comminuted fracture of the head of
the radius, give rise to no difficulty with regard to
diagnosis, and there is general agreement on the
necessary lines of treatment for each case, i.e., con-
servative treatment for the non-displaced fracture,
and complete excision for the comminuted type of
fracture.

The Type 2 fracture—marginal sector fracture
with displacement—is unfortunately not so clearly
defined.

The analysis of the 20 cases of this type of
fracture shows that the 7 patients in whom the
sector fracture was less than one-quarter of the
circumference of the head, depressed below the joint
line, but not tilted in any way, and which were
treated conservatively, together with the 5 cases of
this group treated by excision of the head on account
of gross interference with the radio-humeral joint,
had all returned to their normal duties in an average
of 5 weeks and 85 weeks respectively.

None of these cases had a normal elbow-joint.
All had lost full extension of the elbow-joint, but
rotation range was full in the § resected cases and
limited by only 30° in the conservatively treated
cases.

Again, it is considered that the regain of full or
almost full rotation range was responsible for the
relatively early return to a fully-functioning elbow-
joint.

The remaining 8 cases of this group labelled
¢ borderline ’, constitute a difficult problem. Th;
borderline case, from the practical point of view, is
difficult to define.

Most text-books attempt by radiographs to show
the maximum displacement of the marginal sector

9
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fracture which is compatible with full function of
the elbow-joint if treated conservatively.

The 8 patients of this group were considered in
? this light, and, as has been shown, none of them
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_ Fi16. 158.—The lateral oblique radiograph of a case (not
included in this series) in which the anteroposterior and
lateral radiographs suggested a °borderline’ case. The
segmental fracture appears to consist of one-quarter of the
articular circumference of the head, but it is comminuted
and tilted out of line. Complete excision of the radial head
was performed. Figs. 159, 160 show photographs of the
radial head after resection.

regained full function mainly on account of the 60°
rotation loss of movement. Four of them, because
o_f this loss of rotation, were forced to undertake
lighter work. The average time before these 8

_ FIG. 159.—The ‘end-on’ photograph of the radial head
after resection (see Fig. 158). The gross comminution is easily
seen. The fractured segment involves one-third and not one-
quarter of the articular circumference on its lateral border.

patients resumed work was 11-5 weeks, whilst the
5 patients of this group treated by early excision of
the radial head were all back at their normal occu-
pations with full function in 8-5 weeks.
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; _It would appear, therefore, that unless the fracture
is in perfect position, a more certain and quicker
return to normal can be secured by early resection
of the injured radial head than can be expected by
conservative methods.

It is considered that the borderline case should
not be regarded as an entity.

If the fracture of the radial head is not displaced,
or if the fracture is no more than one-quarter of [hé
articular circumference without comminution, de-
gresspd below the joint surface, and not tilted out of
line in any way as judged by radiographs in antero-
posterior, lateral, and oblique views, conservative
measures may be adopted.

In all other cases, no matter how minimal the
tilting and comminudon of the fractured segment,
excision of the head of the radius should be per-
formed. i

Fig. 158 shows a lateral oblique radiograph of a
case (not included in this series) in which the frac-
tured sector appears to consist of one-quarter of the
articular circumference of the radial head, with
comminution and obvious tilting of the fractured
portion. The anteroposterior and lateral radio-
graphs suggested that this was a borderline case.
Complete excision of the radial head was performed.

Fig. 159 shows the ¢ end-on’ photograph of the
excised head. The fractured segment is grossly
comminuted and, in fact, involves one-third of the
articular circumference and not one-quarter.

Fig. 160 shows the lateral photograph of the
excised head. The depression of - the fractured
sector is well demonstrated. The fracture of the
articular circumference, however, is not longitudinal,
but on account of the tilting of the fractured portion
it is oblique in outline.

_ This obliquity of the fracture line means that at
its base more than one-third of the articular circum-
ference of the radial head is involved. Cases, there-
fore, in which the allowable’ one-quarter of the

articular circumference is damaged, but in which §

FI1G. 160.— The lateral photograph of the radial head after
excision (see Fig. 158). The depression of the fractured sector
is easily seen. The fracture is not longitudinal, but oblique
in outline. More than one-third of the base of the articular
circumference is, therefore, involved.

there is tilting of the fractured portion so as to give £
an oblique fracture line, will, on this account, have
severe limitation of rotation movement at the elbow-
joint if treated conservatively.

E 3 the eloow-joint.
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This tilting out of line of the fractured sector is
a most important factor in deciding the subsequent
treatment.

The tigatly-fitting pivot proximal radio-ulnar
b joint needs only minimal mechanical interference to
* impair its rotation function.

4 The axiom, I believe, with regard to the treat-
ment of fractures of the head of the radius should be :
«If in doudt—resect.”

Loss of Extension Range of Movement.—
A constant feature in 58 (58 per cent) of these
100 cases was the failure to regain full extension
movement of the elbow-joint. The loss of range
varied between 8° in the undisplaced fractures to
25° in cases with comminuted fractures. In 23 of
these cases complete resection of the radial head had
been carried out.

It is the general opinion that the cause of this
loss o extension is the damage sustained by the
capitellum of the humerus.
k1 It is gererally agreed that in the majority of cases
3 the mecharism of injury is such that the capitellum

is driven chisel-like into the radial head and that its

3 articular czrtilage in consequence suffers damage.

9 This dam: is often not apparent at operation, but

p may develcp—in its grossest form as osteochondritis
dissecans—at a later date.

The un‘ortunate patient who attempts to break

; the wrist being pronated and

i, imparts a tremendous valgus strain on

At the moment of impact, however,

the whole of the elbow-joint sustains a compression

force through the long axes of both the forearm

bones, and only thereafter, as the elbow sags acutely

into valgus, does the radial head bear the brunt of

the impact.

The degree of leverage through the radial head
and the resultant angle of cubitus valgus determines
the degree of displacement and comminution of the
head of the radius, and the degree of tearing of the
medial joint capsule and ligament.

On imrpact, however, the cartilage of the trochlea
of the humerus and the trochlear notch (greater
~ sigmoid fossa) of the ulna, suffers damage similar to
that sustained by the capitellum and the radial head.

The humero-ulnar joint is the ‘ mainstay ~ of the
elbow. Experimental removal of the head of the
radius does not decrease the stability of the elbow-
* joint, whilst the removal of the olecranon with its
- trochlear fossa gives rise to a severe degree of laxity.
The trochlear notch of the ulna is not perfectly
congruent with the trochlea of the humerus, but the
joint is nevertheless a tight fit and minimal damage
‘10 the cartilage of the joint causes limitation of
© extension of the elbow-joint.

It was shown earlier in this paper that dislocations
of the elbow-joint and fractures of the radial head
had a common causative factor.

This factor must, therefore, affect the whole joint
and not half of it, and in consequence the cartilage
?f' both the medial and lateral compartments of the
joint suffers damage. Only after this has been
inflicted, and then depending on the severity of the
valgus strain, does bony damage to the radial head
. occur.
: Fig,

fracture

3 shows the radiographs of a Type 2
hich has completely united. The * chip’
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fracture of the coronoid process visible in both the
original and subsequent X-ray photographs can only
be accounted for by initial damage to both compart-
ments of the elbow-joint.

As has previously been stated, the capitellum and
the radial head are not normally in contact. There
may be separation of the articular surfaces to an
extent of one-quarter of an inch.

For flexion and extension motion to be limited at
this joint, a moderately severe mechanical inter-
ference is necessary.

A minimal interference with the cartilage of the
humero-ulnar joint, however, limits flexion and
extension motion.

During the operation for excision of the radial
head, examination of that portion of the trochlear
fossa of the ulna which can be inspected after the
head has been removed often shows evidence of
injury in the same way as the capitellum. It may
not, however, be immediately apparent, but as with
the capitellum, the cartilage may degenerate later.

Twenty-three cases (23 per cent) in this series of
100 patients had incomplete extension of the elbow-
joint despite the fact that the radial head, having
been completely excised, was not articulating with
the capitellum. The damaged capitellum could not,
therefore, act as a mechanical bar to this extension
movement.

The damage to the trochlea of the humerus and
the trochlear notch of the ulna was responsible.

It is considered that the capitellum, whilst
certainly responsible for the bony damage to the
head of the radius and at the same time suffering
damage itself, has innocently been incriminated as
the main cause of the loss of extension movement
of the elbow-joint after a fracture of the head of the
radius.

This loss of movement, in itself no disability, is
a result of injury to the whole of the elbow-joint.

Pain in the Elbow-joint.—Pain in the elbow-
joint after a fracture of the radial head was not a
prominent feature in this series of cases and was
never severe.

The interesting feature was that those patients
complaining of pain over the medial joint area were
patients who sustained fractures without displace-
ment. Pain over the lateral joint area was only
observed in patients with either a comminuted
fracture of the head, which had been- excised, or
patients with a partially comminuted fracture, which
had not been excised.

It is considered that the medial joint pain is due
to the initial tearing sustained by the medial capsular
ligament of the elbow-joint during the valgus strain
sustained by it. The absence of medial joint pain
in the comminuted variety of fractures is due to
the dissipation of the abduction force as the radial
head collapses, thereby sparing -the medial joint
ligament.

Pain over the lateral joint line is due to liga-
mentous damage, especially after resection of the
radial head. This minimal pain is often accom-
panied by crepitus on rotation of the radius. It is
of interest to note that this coarse crepitus, often
heard and very easily felt, is accounted for by only
minimal pathological changes in the articular cartilage
when the lateral joint surfaces are inspected.
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SUMMARY

1. The surgical anatomy of the elbow-joint, and
the mechanism of production of a fracture of the
radial head are discussed.

2. A review of 100 cases of fracture of the head
of the radius is presented.

3. The end-results are analysed in derail with
special reference to the function and range of move-
ment of the elbow-joint, and to the time taken before
recovery and return to work.

4. An attempt is made to show that the case
which falls on the borderline between corservative
and operative treatment should not be regarded as
an entity.

5. The axiom in the treatment of fractures of
the head of the radius should be: “If in doubt—
resect.”

6. The cause of the loss of extension movement
of the elbow-joint after this type of injury is dis-
cussed, and it is considered that the damage to the
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cartilage of the trochlea of the humerus and the
trochlear notch of the ulna, shares a great deal of
the responsibility for this loss of range.

7. The cause of pain in the elbow-joint after 3
fracture of the radial head is discussed.

I wish to thank Mr. R. C. Baird for his constant
encouragement. I am indebted to my father, Mr.
R. Mason, for the photographs and the radiographic
reproductions, and to Mrs. Pamela Carpenter, clinical
secretary, for her invaluable help.
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THE ANATOMY OF THE INTRARENAL ARTERIES AND ITS APPLICATION
TO SEGMENTAL RESECTION OF THE KIDNEY

By F. T. GRAVES

THE SURGICAL UNIT, UNIVERSITY COLLEGE HOSPITAL MEDICAL SCHOOL

PARTIAL nephrectomy is now advocated by many
surgeons in the treatment of renal tuberculosis and
calculus. Control of hzmorrhage is one of the
technical difficulties of this operation and of the
more established procedure of nephrolithotomy in
which failure of hamostasis sometimes necessitates
nephrectomy. Knowledge of the vascular pattern
of the kidney should assist the surgeon in carrying
out these operations, but it is neither complete nor
readily accessible. This investigation was, therefore,
carried out to answer the following questions :—
1. Is there a constant pattern of the branches of
the renal artery within the substance of the kidney ?
2. If the pattern is constant, is there a collateral
circulation between these branches ?
3. Could knowledge of the two previous points
be applied to segmental resection of the kidney ?
4. In view of the density of the kidney substance,
apart from anatomical knowledge, is there any
method of determining the pattern and course of the
intrarenal arteries either before or at the time of
operation ?

METHODS OF INVESTIGATION

The investigation was by
methods :—

Injection of Post-mortem Specimens with
Plastic.—The kidney and the surrounding tissue
were removed en bloc with the adjacent part of the
aorta. This was done so that any duplication of
the renal vessels might be detected and examined.
Liquid polyester resin (Marco Resin S.B. 61C) was
injected into the renal artery and subsequently, when
the resin had set, the kidney substance was removed
by corrosion in concentrated hydrochloric acid.
Casts were made of the renal vessels of more than
thirty specimens.

carried out two

Angiography of Post-mortem Specimens.—
Post-mortem kidneys were perfused at a pressure
approximating to that which they had received in
life. Angiograms were made by injection of 50 per
cent and 70 per cent solutions of diodone into the
renal artery. Similarly, venograms were made by
perfusion of the renal veins.

ANATOMY AND NOMENCLATURE

On the basis of the arterial distribution, the
kidney is divisible into five segments (Fig. 161).
From above downwards these are :—

The Apical Segment is a cap of tissue which
occupies the medial side of the upper pole of the
kidney, mainly on its anterior surface.

The Upper (Anterior) Segment lies in the anterior
plane of the kidney. It covers an area - which
includes the upper pole and part of the central area
of the kidney.

The Middle (Anterior) Segment lies in the anterior
plane of the kidney. It covers an area in the lower
central part, between the upper and lower seg-
ments.

The Lower Segment forms the lower pole of the
kidney. Unlike the middle and upper segments, it
lies in both the anterior and posterior planes of the
kidney.

The Posterior Segment lies entirely in the posterior
plane of the kidney and occupies an area between
the posterior part of the apical segment above, and
the posterior portion of the lower segment below.

ANATOMY OF THE RENAL VESSELS WITHIN
THE KIDNEY

Each segment is supplied by its own artery (Figs.

162, 163). The main stem of the renal artery

divides at a variable point between the aorta and the

INTRARENAL - ARTERIES

hilum of the kidney into an anterior and posterior
division. e, 1 3

The anterior division gives rise to the upper,
middle, and lower segmeptal arteries, and the apical
segment artery usually arises _from 1t )

The posterior division continues apd Supphes only
the posterior segment, but it may give origin to the
artery to the apical segment.

POSTERIOR

Anterior Posterior

A diagram of the left kidney showing the seg-

sed on the arterial distribution. Only the
gments occupy areas on both the anterior
aces of the kidney.

FiG.
ment:
apical and lov
and posterior

161.
ic

A

the superior pelvi-calicine junction :_it gives rise
lower segment artery from the anterior division.

s close.
branch of

The Segmental Arteries.— 5
. The Apical Segment Artery.—The apical segment
Is supplied by an artery which most frequently arises
from the anterior division. It is, however, a vessel

AND KIDNEY RESECTION

—A cast of the intrarenal arteries of the right kidney
%o the upper segment, the apical and lateral branch
s from the side of the lower segment artery, as in Group I
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whose origin is the most varied of all the Se_gmen;al
arteries. In order of frequency, it arises from the
short trunk of the anterior division or the upper

Anterior

B

. A. Anterior view, The apical segment artery arises from
of the latter being well developed. The middle segment
8, Posterior view, The artery to the posterior segment
Note the posterior

10 upper, middle, and terminal branches.

segment artery ; from the junction of the anterior
and posterior divisions with the main stems ; from
the main stem or the aorta; from the posterior
division (see Fig. 164).



