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SUMMARY

A prospective analysis of 100 Charnley total hip joint
replacements performed between January 1970 and August
1972 is presented. A total success rate of 95%, was
obtained. Failures were due to 3 deaths and 2 cases of
minor sepsis. Nao case of frank sepsis requirlng removal
of the prosthesis was encountered.

Pain was completely relieved in 809, or was minimal In
20%, of patients. No patient had pain of any significance
postoperatively. The total range of movement achieved
was 160° or more in 969, of patients. No hip lost move-
ment after surgery. Walking function was improved to
normal, or near normal, in 100%, of unilateral cases, or in
bilateral cases that had bilateral replacements.

Charnley total hip replacement is indicated in all cases
wlith significant disability due to degenerative hip patho-
logy, or when previovus surgery has failed.

S. Afr Med. J.. a8, 3979 (1974),

Tota) hip joint replacement is rapidly becoming the treat-
ment of choice in osteo-arthrosis and rheumatoid arthritis
of the hip joint ip cases with significant disability. This
paper reports the results of 1o1al hip replacement by the low-
friction Charnley technigue jo the first 100 consecuuve bips
operated on between January 1970 and August 1972. The
majority (87 cases) were done at the Princess Alice Onho-

Department of Ortbopaedic Surgery, Ubiversity of Cape
Town and Princess Alice Orthopaedic Hospltal, Cape Town
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Paper presented at the South Alfrican Orihopaedic Congress held in
Pretoria on 27 August 1974,

paedic Hospita) and the remainder at a private nursing
home. The shonest period of follow-up was 6 months, the
tongest 4 years. The majority (61%) of operations were
done by the author, the remainder being done by colleagues
using identical technique, pre-operative preparation, and
postoperative management.

Primary osteo-arthritis was the diagnosis in 80% of tbe
series and rheumatoid arthrilis in 11%. The residue of 9%
comprised conditions such as complications of fractured
neck of femur, avascular necrosis of the femoral head and
protrusio acetabulae.

Primary surpery was performed on 80 hips. Operations
for failure of previous procedures (osteotomny, femoral
head replacement or cup arthroplasty) numbered 20. The
resulls of these conversion operations are considered
separately.

The staustics in this review relate to hips rather than
to patients in order to simplify the recording of bilateral
operalions.

METHOD OF STUDY

This study was enurely prospective. Special documentation
was used. The clinical history and physical examination
details were recorded on special cards pre- and post-
operatively to simplify the grading of disability.

Grading of Results

A numerjcal classification was used 10 grade disability.
The method used was strictly in accordance with Chamn-
ley's’ adaptation of the method of Merle D'Aubigné and
Postel.” Three parameters were studied, viz. pain, move-

TABLE I. NUMERICAL CLASSIFICATION OF DISABILITY CAUSED BY THE AFFECTED HIP IOINTS

Pain
{. Severe and spontaneous. 1.
2. Severe on aftempting to walk. Pre- 2.
vents all aclivity. _
3. Tolerable, permitting limited activity. 3.
4. Only after some activity. Digappears 4.
quickly with rest.
5. Slight or Intermittent pain on starting 5.
to walk but decreasing with normal

activity.
6. No pain, 8.

Wwalking function Movement
Few metres or bad-ridden. 1. 0-30°
Two sticks or crutches.
Time and distance very limited 2. 80°
with or without stlcks.
Limited with one stick (less than 1 3. 100°
hour). Difficult without a stick.
Able to stand long periods.
Long distances with one stick 4, 160°
Limited without a stick
No stick but a limp. 5. 210°
Normal., 8. 260°
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ment and walking ability. In each patient each of these
paramelers was then assessed and given a numerical value,
as shown in Table L.

Pain: The two most common grades of pain which
qualify a patient for anhroplasty are grades 2 and 3. In
assessing the postoperative results, grade 5 indicates slight
intermittent pain and grade 6 that the patient's hip is
entirely pain-free.

Movement: This digit indicates the sum of the ranges
of movement in the three standard directions. A common
pre-operative grade is again grade 3, which corresponds 10
an arthritic hip which has 90° of flexion but little other
moverment.

Walking: This digit indicates the function of the hip with
regard 10 the ability to walk. Alphabetical prefixes are
added 10 facilitate assessmeat of the function of walking
(Table II): *A’ — a patient with only one hip involved in
whom no other condition interferes with walking; ‘B> — a
patient with both hips involved, but the rest of the body
normal, and therefore not responsible for any defect in
walking ability; and “C’ — a patient with some additjona)
faclor contributing to failure to achieve normal loco-
motion, such as the polyarthritis of rheumatoid arthritis,
senility. hemiplegia and cardiovascular or respiratory
disease.

TABLE i, ALPHABETICAL PREFIXES IN THE ASSESSMENT
OF WALKING FUNCTION

A—unilateral cases without complicating general factors.
B—bilateral cases without complicating general factors.
C—uni- or bilateral cases with complicating general factors.

Using these alphabetical prefixes to assess the quality
of walking after an arthroplasty. we restricted our
study 1o patients in the A category and those in the B
category who had had bilateral replacement arthroplas-
ties. The remainder. for example the B category without
the second hip operated on and the C category. can be
used for the study of pain and movement before and after
operation, but are quite unsuitable for studying the con-
tribution of the arthroplasty 1o rhe quality of walking.

An extension of the three-digit system makes i1 possible
to compare the average qualities of different series of
cases by expressing the quality as a whole number plus a
decimal fraction, e.g. if the average for pain in a series
was 3,1, this series would clearly not be as good as one
wilth an average of 59. If a series comprises only 2
erades, the figure after the decimal point indicales the per-
centage in the higher group, e.g. with a series containing
only 4s and 3s, an average of 4,7 indicates that 70% of
cases are in grade 5. The greatest value of decimal [rac-
tions is with regard to the total range of movement.

Pre-operative Clinical Details

Age and sex distributions are indicated in Table IIT. It
will be noted that the majority of cases fell into the 7th and
8th decades with an average age of 65,8 years. The propor-
tion of A. B. and C cases in the primary and conversion

S -A. MEDIESE

TYDSKRIF 28 September 1974
operations J5 indicated in Table IV. Of the cases wih
bilateral hip pathology (B category) 7 had both hips done.
Only 2 of these were performed ar one session.

Average numerical grading in this series pre-operatively
1s indicated in Table V.

TABLE ill. AGE IN DECADES

No.

1st decade 0
2nd . Q
3rd " 0
4th " 3
5th " 5
6th . 12
Tth " 38
8th " 25
Sth " 5
10th . 0

Average age: 65,8 years
Males: 30 years
Females: 58 years

TABLE IV. NUMBER OF HIPS

Primary A 25
B 34} 80
C 21 )
GConversion A 9
B 3} 20
c g !
Total 100

TABLE V. AVERAGE NUMERICAL GRADING
PRE-OPERATIVELY

Pain ... ... .. ... .. . ... 2.8
Walking ... .. ... .. L. ... 26
Movement .. L N

Surgical and Postoperative Management

Pre-operalively proformas indicating the degree of dis-
ability were completed in all cases. A physician always
checked the patient’s general condition with regard to
anaesthetic risk. Prophylactic antibiotics were used as a
routine, commencing 24 hours pre-operatively and con-
tinuing for 5 days afler surgery.

The surgical technique employed was the standard
routine as taught by Charnley. using the same exposure by
elevating the greater trochanter. The acetabular component
of the prosthesis is made of high-density polyethylene,
mated with a stainless steel femoral head 22 mm in dia-
meter (Fig. 1}. Both componenis are fixed in their bomy
beds with self-curing acrylic cement {methy] methacrylate).
The socket is orientated with the axis inclined at 45°.
Neutral anleversion was used, with a maximum of 5° of
anteversion permitted in order to avoid any retroversion.
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The axis of the femoral prosthesis was neutral. The bony
acetabulum was deepened until no more than 2 -3 mm of
bone was left in the Aoor, so thal the centre of rotation
of the prosthesis could be well medialised and provide
better mechanical advaniage.

Fig. 1. Postoperative radiograpb showing the prosihesis
in sitw. A stainless steel wire marker indicales (be thick-
pess of the high-deasity polyethylene acetabular component

which is radioluceni. Barium is mixed with (he acrylic
cement 1o make it slightly radio-opaque so (hat (be bone-
cement Interface cam be defined. The trochapicric 0sfico-
tomy is fixed with sininless steel cross wires.

Postoperatively, patients were hghtly immobilised with a
triangular pillow placed belween Lhe legs. holding the
hips in moderate abduction. On postoperative day $
standing was commenced and on posloperalive day 7
walkipg, alowing full weight-bearing, was commenced. The
patients left hospital 3 - 4 weeks postoperatively, using one
or 1wo siicks, depending on their rehabililation and
prowess. Carefully controlled physiotherapy was an im-
poriam part of the postoperative rehabilitation programme.

COMPLICATIONS
General

Thrombo-embolism: In this series there were 8 cases
with clinically deteclable deep vein Lhrombosis. More
sophisticated methods are necessary to eslablish tbe true
incidence of this complication, which is recognised 10 be
high after this type of surgery.

There were 4 cases of pulmobary embobsm. fatal mn |
woman. She was, in fact, the only patient who was on pro-
phylactic low-dosage subcutaneous heparin. However. she
was a known high-risk patient aged 76 years, with poly-
cythaemia and an initial haemoglobin value of 23 g/100
ml, which was reduced to 12 g/100 m) pre-operatively by
venous seclion.
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Postoperative deaths: There were 3 postoperative deaths
— all category C. high-risk cases. The first. due to pul-
monary embolism, has been mentioned. The second.
a man of 68 years, had had previous laparotomies for
intestinal obstruction. In the postoperative period he had
a recurrent attack of intestinal obstruction which. in spite
of two successive laparotomies, eventually caused his death
from endotoxic shock 6 weeks postoperatively, At post-
mortem the right iliac vein was found to be thrombosed
and he had a small pulmonary embolus as well. No in-
fection was present in the prosthetic hip. The third patient.
a man of 73 years, had an asymptomatic gallstone at the
time of surgery. He undenwvent bilateral 1otal hip replace-
menis, performed al the same session. Postoperatively he
developed empyema of the gall bladder and acute gastro-
intestinal haemorrhage. [n spite of emergency surgery hc
died 4 weeks after the operaton. Postmoriem examina-
tion was not performed.

Local

Sepsis: As has been mentioned, routine prophylactic anti-
biotics were used in all cases. In addition., wounds were
irrigated during surgery with a 10% Polybactnin solution in
a litre of normal saline. Portovac drainage was used in all
cases.

There were 2 cases with mild sepsis in this series. Both
of them presented some months afler discharge from hos-
pital. The first presented with a celluitis surrounding the
scar and superficial soft tissues. It js interesung to record
thal on the third postoperative day she had had an attack
of acute cholecystitis, which was treated conservatively.
The cellulitis cleared up completely on antibiotic therapy
and after 3 years she has no further problems.

The second patient presented with a smal sinus 2
months postoperatively, which settled rapidly after an in-
fected suture was removed. He has remained well to date
(30 months postoperative).

There were no cases of frank sepsis which required re-
moval of the prosthesis.

This incidence of 2% of cases with mild postoperalive
infection which setiled on antibiotic therapy compares
favourably with Charoley's' incidence of 1.6%. It should
be noted that the follow-up in this series is 0o short to
draw firm conclusions aboutl late sepsis. Although it is
pnow a well-established fact thal some patients present with
late sepsis up to 4 years after surgery, our results to date
are very encouragiog.

All the bips operated on ai Priocess Alice Orthopaedic
Hospital (87) were done in a conventional theatre, How-
ever, this theatre is rather special in that it is reserved for
cold, clean, elective orthopaedic procedures only. The 13
cases done al the private nursing home were done in a
specially adapted theatre. This was a modification of
the CSIR thealre designed for the Hendrik Verwoerd Hos-
pital in Pretoria, which in turn was a development of the
Charnley enclosure used at Wnghtington.

Charnley's statistics for sepsis, showing a marked decline
trom 9% to 2° through the use of an enclosure, are very
convincing and T am very much in favour of an enclosure
being used for this type of surgery, especially if the opera-
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ticms are being done in 3 general theatre. It would be |n-
neresting 1o krow what the incidence of postoperuiive sepuis
i fod dhus wype of wegery in & geneml theaire.

The ireatment of mfection depends on s seventy, Dur
1 caien bhave been well controlled with aniiotscs, bal
ooy, il frank iy develops, the prosthisis has 1 be
memoved and & peewde-amhross cremed Iy should abways
i remembened that smiioy cannos be applied o on i~
dovidual. Should sepin mlervene, 0 B imporien that the
patient be beft no worse off with ke pseudo-snbrosis than
b was prior to wurgery. Hence the nésd for selecling cases
with sigificant diabikty in this 1ype of airgery.

MSon-aakn of the greaier rochasier: The modende ol
12 casen with beoken wires, b wath firm bony umon of
ihe wochanter, b really of mdiobogical imeren only Wire
reakage occurs wome weeks o even months after surgery.
by whech fime the cwi by sorféfes afe abeady I
chough, %0 thai boay omon casn progress. The obsaoushy
has mo ellecl oa ihe luRchional resal

The incidence af A= m s senes (4.2 i Chamleys
seriesh of [ibrous umion of the rochanter, even with groas
scparaiion, docs nod correlale with any pross defect in the
quality of the clinical resull. This & enderbned by the (a0
thut mon-union of the irochanter s Bl 3 Gowrce of
mechanical fzilure, even in iANARCEY where cempleie
scparation of sthe fragmenis oicwm

Disdoration: There wereé § hipn thel delocsied posi-
operatively (Chamley's incidence 1,.5%0

With ihe Charnley technigue of expmore by remosing
the trochamier, thefe arc very few icchnical aimogemic
catses of dislocation, provided one pays attentson o detail
It & essenlial that a firm strzp of wepenor capsule snd the
gluleal muscles are leli allached o the trochanter o pie-
withe siability sfier rewiring. Furthermore, the two com-
ponents of the prodihess should be commectly  positiomned,
and particularty, retroversion of the scelabalar componcm
avolded. The limb should be comcoily posilionsd =l b
wm of trochanteric reatiachmeni, and in the podoperative
peried extreme [exion and adduction should be svoided

Despile Lhe small diameter of the femoral bead, ths
prihroplasty is nol mdare prong W posicperative disloca
tion tham oiher iypes of replacement, provided thal the
correct 1echmicue of insertion is emploved.

[ i my opnion that the most palent caese of post-
ppirative dislocation afier Chamley wial replacement is
the wse of the wrong surgical approach. To guote
Charpey:" * , with my own type of ioial prodahesis
with s armaller dinmeter femoral head, there is 3 special
source ol mechapical faiure by dislocavion if Lhe surgeco
thinks he can do the operanion withowl transplanriog the
greal rrochanter’. Unlike other types of lolal prostheses,
saflous neck lengihs are not available in the Charnley
prosihesis, so thal stability has 1w be provided by trams-
poting the gresier wrochanier and laking up the ghoical
iback

Diislocations are easily reduced by manipulation wnder
peneral ansenihesia and are maintained by skelstal wraction
lor & period of 2.3 weeks

Fracture: Usually ope case in & thousand will fraciare
sl the tme of surgery, and one has 10 accept this fschnical
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hazard. This wssally occurs in the presence of osteoporo.
sis or edher pathology. In this series, 1 femur was fractured
during removal of & pin and plae which had been in-
sefted mRany years prior 10 surgery, It s ioterestamg Lhai
ardher patient {ell some 9 months aller surgery and sas-
mined o fracture of the pelvis, leaving the Charnley
prosthesis inlacl

Lateral popliteal merve palsy: There were 2 cates—aone
recovered rapidly and the other made an almest oom-
pleie recovery after one year. i m possible thay poslisoning
on the table may cawse direct presiure on the lateral
popliteal nerve, bui 1 think m most cases the cause is at ihe
site of operation Excess acelabular cemenl coming 1o
lie direczly on the nerve may cause damage through the
hear of polvmerisation. Allernatively. direct damage [rom
FRICECIION Or EXpidire may occur.

Aboormal rmadislogical changes: Some of the rdiologi
cal changes described by Chamiey’ have been encountered
im this series. A fine radiolucent hine 3 commonly seen Al
tke coment-bome interface Ths cement-bone lme de
marcalpd and [FEbeculsr cofdensalion appear o be en-
lrely bemign, and of no clinical significance, Periostilis.
which in this series occurred in the patiems who presenbed
with a supsrficial cellulis afier dncharge from hospiial.
may indicate low-grade mfecton. Bose alrophy wis nol
encountered m the senes

Resorpion of the fermoral meck by about 3 mm withoui
any unkmg of the femoral prosihesin & fairly common
and merely conlinms the fact that the use of cement in
the femoral shafi distinboies the weighi-bearing |oad
throughodst the prooamal shafl of he fermur, and aveids
K high sifess 4pol al the cul sdge of the calcar encounter
ed m umcemenied proathete femoral head replacements.
Ini s ctey chere appeared to be 4 charge in the textare
of he boac i the sy posloperalive penosd, but thas
improved &3 weight-besring  progresed

Eciopic wwiflication: There were & cases in this series
with edopc oeafication m the sofi tisoes (Charmley's n-
oidence 51 Albough thin was associsted with & geoeral
trend towards e mohality, the over-all resoll (roem a fuc-
tional poist of view remased sntwely sainfactory o all
ihese cases. This change oocurmed mosd commonly o mabes.

Late mechapical fallare: In this sene aone developed
loose componemis. recuneal  dnlocalon. or sahluxation.
Charnley's mcidence of 1% ol loowming of cemented
acetzbular components i indeed remarkable, eipecially n
compdriim Wilh other iolal hip meni replacermenin.

Wear of the plastic sockel: Ahbough meawrements
hive pof been made in fhes serei, oo abaormal sear bas
besn encouniered in the shorl perod of follow up Chars
kew's average of 0,11 mm pér year m the 7 postmortem
cased e stpdied s very encouraging

Usexplained pain: In s seracs thare was | paten with
temporary uncxplained pam afier one year, o which
semled compleely 18 moathe after operation. There was
oo radiological or clmical evidence of any miection oF
locwening of componeniy

QUALITY OF RESULTS

Folliw-up asseisiment and examination were made in 867
of the series of |00 hips Early or lite wnrelsted deaibi
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prevented follow-up in 6 hips and the remaining 8 hips
could not be followed up because of distances involved,
although all correspondents indicated that they were well
and pain-free. The follow-up period ranged from & months
to 3 years. The average pre-operative and postoperative
grading of results is indicated in Table VI. There was no
significant difference in the results of eonversion proce-
dures when compared with the results of primary proce-
dures.

TABLE VI|. AVERAGE RESULTS

Pre-op. Postop.
Pain 2,8 35,8
Walking function 2,5 54
Movement 2,8 5,2
Pain Relief

One of the outstanding features of this operation is the
complete relief of pain in the vast majority of patients.
The change in the average pre-operative grading of 2,8
to the average postoperative grading of 58 is highly
gratifying (Fig. 2). The grading indicates that the assess-
ment of pain relief resolves itself into an incidence of
excellent and good results (80% grade 6 and 20% grade 5).

Grade PAIN

= N W RO

Pre-operative Post-operative

Fig. 2. Relief of pain.

Improvement of Walkiﬁg Function

The true assessment of improvement of walking func-
tion can only be made in unilateral cases (category A) or
il bilateral cases (category B) where a total replace-
ment has been performed on both hips. In this series there
were 41 hips in which a true assessment could be made
{Fig. 3). The absence of a limp after this type of total hip
replacement has been one of the most impressive features
of the results. The improvement of the average pre-opera-
tive grading from 2,5 to the average postoperative grading
of 54 is again extremely gratifying. This indicates post-
operative results are 50% excellent {(grade &) and 50%
good (grade 3).

4
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WALKING FUNCTION
—

Crads

= N WL

Pre.operative Pent -oparativse

Fig. 3. Improvement in walking Function,

Improvement of Range of Movement

In general it ean be stated that the more mobile the
hip before operation the greater will be the postoperative
final range. On the other hand, there were many in-
stanees of stiff hips achieving a full range of movement
after operation. The average pre-operative grading of 2,8
with a postoperative improvement to 5.2 is gratifying,
although only 3 hips achieved grade 3 range of motion
and 11 hips achieved grade 4 (Fig. 4). This occurred parti-
cularly in men and was sometimes associated with ectopic
ossification in the extracapsular soft tissue. A remarkable
feature of this surgery, however, is that not a single hip
had less movement after operation than before.

Grade MOVEMENT
6 —r———
5 i
4
3
2
1

Pre-operative Post-operative

Fig. 4. Improvement in range of movement.

OVER-ALL ASSESSMENT OF FAILURE AND
SUCCESS RATES

Table VII indicates a success rate of 95%. In this age
group, with this type of major reconstructive surgery, this
level of success is highly satisfactory. Although 3 hips
dislocated postoperatively, these were easily reduced and
there has been no further recurrence of the dislocations.
They have therefore not been included in Table VII as
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mechanical failures, becanse dislocation was purely tem-
porary. There were no cases of mechanical failure due to
loosening of the components. A sepsis rate of 2% is shown,
although in both these hips the sepsis settled down and
the prosthesjs was not removed, so that at the time of
writing, the over-all success rate is, in fact, 97%.

TABLE VIl FAILURE AND SUCCESS RATES
Death—Pulmonary embolism ... ... ... 1,0% 3.0%
Other causes ... ... ... ... ... 20% e
Superficial sepsis (settled on antlbmhcs) 2,0% 2,0%
Frank sepsis (requiring removal of
prosthesis) ... ... ... ... ... .. .. 0%
Mechanical failure e e e 0%
Total 50%
Successrate ... ... .., 85 %
CONCLUSIONS

Charnley total hip joint replacement is an excellent primary
procedure in patients suffering from degenerative osteo-
arthrius, rheumatoid arthritis and other degenerative
pathology, such as avascular necrosis of the femoral head,
with sigmificant disability. It is also particularly indicated
as a salvage procedure for failed previous surgery, especial-
ly cup arthroplasty, femoral osteotomy, or failed internal
fixation for fractures of the femoral neck. It can also be
successfully applied in difficult reconstructive situations
such as congenital dislocation of the hip with secondary
arthritis, previous fracture dislocations, bony ankylosis
and failed femoral head replacement prostheses.

Reasons for the Success of the Operation

The approach used provides immediate stability after
surgery. Furthermore, it 15 completely versalile and enables
one (o tackle any reconstruction, no matter how difficult.

The use of cold-setting acrylic cemenl provides an eved
distribution of 1he body load over a large area of bone.
An accurate cast of the interior of the bone is formed,
so that load is wransmitied evenly over all parts of the
interface between cement and c¢ancellous bone. As a
resuit there is much less tendency for the prosthesis to
loosen. There is, therefore (a) total absence of pain; (b)
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remarkable freedom of movement: {¢) retention of mobility
without loss from ectopic bone formation; (d) excellence
of gait; and (e) ability to start weight-bearing within one
week of operation.

The design of the prosthetic implant apd the malterials
used are proving entirely satisfactory. Charnley' now has
results of over 12 years’ follow-up and wear properties
are very encouraging.

Reconstruction following the Charnley techrique is aim-
ed at improving the lever systems around the low-friction
arthroplasty. This is achieved by moving the centre of
rotation of the hip joint medially and the insertion of the
abductor mechanism laterally.

Finally, the enormous clinical backing and objective
reviews of results at the Wrightington Centre for Hip
Surgery are undoubted factors in the success of this
operation. Charnley has been meticulous in reviewing his
results and making the necessary changes in prosthetic
design and surgical reconstruction. It seems foolish not to -
take advantage of this vast clinical experience.

Indications

At the present stage of experience with this surgery
the main indication for total hip replacement is significant
disability. Initially this operation was only done in older
age groups. With the experience gained and the successes
achieved it is now applicable in any age group, provided
that disability is significant. For example, one would pot
contemplate this operation in a 45-year-old woman with
moderate hip pain and the ability to walk without any aid.
On the other hand, a 30-year-old bed-ridden rheumatoid
arthritic with multiple joint invelvement and a built-ip
Limitation of activity, would be a suilable candidate.
Patients with moderate disability should not have this type
of surgery before the age of 60 years. or unul such time as
a 20-vear follow-up is available.

Total hip joint replacemenl remains an excellent salvage
procedure for failed previous surgery in any age group
with significant disability.

I should like 10 thank Dr G. Dall and my colleagues
at Princess Alice Orthopacdic Hospital for allowing me 10
review their cases,
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