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CLINICAL AND RADIOLOGICAL LONG-TERM RESULTS AFTER 
CHARNLEY-MULLER TOTAL HIP REPLACEMENT 
A 5 to 10 Year Follow-up Study with Special Reference to Aseptic Loosening 
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Ninety-nine per cent of the arthroplasties available for follow-up after a minimum 
of S years were assessed clinically and radiologically. Of the original 151 hips, 14 
had been reoperated on with exchange of the femoral components because of 
aseptic loosening. Thirty-one of the 115 re-examined hips showed radiological 
evidence of femoral component loosening and in 15 hips loosening was suspected. 
One acetabular component was loose. No deep infection was detected. In 10 of the 
31 hips with femoral stem loosening, no complication was suspected after clinical 
examination only. Varus position of the prosthesis and insufficient cement support 
at the proximal and distal parts of the stem were associated with increased loosen- 
ing rates. In patients with a body-weight over 80 kg and in patients younger than 60 
years at the operation, loosening had occurred in over SO per cent of the hips. The 
clinical overall results were satisfactory, with 79 per cent of the hips being free from 
significant pain. 
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Follow-up studies with long observation periods 
(Beckenbaugh & Ilstrup 1978, Blacker & 
Charnley 1978) have shown that artificial hip 
joints can function for long periods of time with 
preservation of good mobility and freedom from 
pain. Wear of the implants does not seem to be a 
significant cause of clinical failure (Griffith et al. 
1978) and the rate of delayed septic complica- 
tions can be reduced to about 1 per cent 
(Carlsson et al. 1977). On the other hand, aseptic 
loosening of the implants is reported with in- 
creasing frequency as the follow-up times become 
longer. Thus, radiographic evidence of non-in- 
fected loosening has been reported in 17.8 per 
cent after 3 to 6 years’ observation time by Hac- 
kenbroch et al. (1976), in 19.6 per cent by Maier 
et al. (1977), and 24 per cent by Beckenbaugh & 
llstrup (1978) after 4 to 7 years’ observation. In a 
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radiographic analysis of 389 total hip replace- 
ments, Gruen et al. (1979) found evidence of 
mechanical loosening in 19.5 per cent of the hips 
and Buchhorn et al. (1979) reported femoral 
component migration in 30 per cent of 285 Miil- 
ler prostheses after 2 to 7 years. In a previous 
study of Charnley-Miiller hip replacements with 
2 to 7 years’ observation time (Olsson et al. 
1979) we found radiographic signs of implant 
loosening in a number of hips without significant 
clinical symptoms. In that study, radiographs 
were not made of all asymptomatic hips. To 
analyse the problem further, we have made a new 
assessment of all those arthroplasties that have 
reached a minimum of 5 years’ observation time. 

At the follow-up examinations, special atten- 
tion has been paid to radiographic and clinical 
signs of implant loosening. We have searched for 
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Table I .  Sex distribution and age at operation 

Age (years) 40-44 45-49 SO-54 55-59 60-64 65-69 10-74 15-79 80-84 Total 

Womcn 
Men 

Total 

0 3 8 11 18 25 15 10 2 92 
1 0 5 9 10 18 10 6 0 59 

1 3 13 20 28 43 25 16 2 1.51 

Numbers include data for both operations in patients operated bilaterally. 

factors which can be responsible for the 
occurrence of loosening and also analysed the 
clinical findings associated with implant loosening 
in order to ascertain the reliability of clinical 
methods of examination for disclosing this com- 
plication. 

PATIENTS AND METHODS 
The operations were performed from August 1969 
through March 1974. The observation period varied 
from 5 to 9.5 years with a mean of 5.9 years. There 
were 15 1 operated hips in 128 patients; 92 were women 
and 59 men. The youngest patient was 40 and the oldest 
81 years old at the time of operation. The mean age was 
65 years (Table 1). Fourteen hips had been reoperated 
o n  because of implant loosening less than 5 years after 
the original operation. One of these patients had a con- 
tralateral arthroplasty which is included in the study. 
Nineteen patients had died. Three of them were 
operated bilaterally; in one of these patients, one hip 
had been reviewed. Only one patient, severely disabled 
by rhcumatoid arthritis, declined to appear for the fol- 
low-up examination. Thus, 115 hips in 96 patients were 
available for the study. In the sections that deal with 
preoperative data and early postoperative X-ray ap- 
pearance, the 14 reoperated hips are included in the 
material. The preoperative diagnoses were primary 
osteoarthritis in 98 hips, rheumatoid arthritis in 12 hips 
and osteoarthritis secondary to fracture, CDH, slipped 
capital epiphysis or osteomyelitis in 19 hips. In 24 hips 
various operations had been performed prior to the re- 
placement (Table 2). 

Operative technique, postoperative regime, antibiotic 
prophylaxis and the methods of clinical assessment 
were the same as in the earlier report (Olsson et al. 
1979). In the present study the pre- and postoperative 
radiograms of all hips were examined together with 
current radiograms, which included a-p and lateral 
views of the hip and a frontal projection of the pelvis 
with proximal parts of both femora. All measurements 
on the radiograms were corrected with regard to the 
magnification factors, determined on each film with the 
aid of the diameter of the head of the femoral pros- 
thesis. Radiopaque cement had been used in all 

Table 2. Previous operations 

Osteosynthesis of hip fracture 
Intertrochanteric ostcotomy 
Adductor tenotomy 
Femoral head replacement 
Arthrodesis 
Epiphyseodesis 
Acetabuloplasty 
McKee-Farrar arthroplasty 
Drainage of osteomyelitis 

Total 

7 
5 
4 
3 
1 
I 
1 
1 
1 

24 

operations. All the clinical follow-up examinations 
were made by the same observer, who had not been 
personally involved in any of the operations, and they 
took place before the radiographic examinations. 

The erythrocyte sedimentation rate was determined 
in all patients. 

RESULTS 
Complications 

In the total number of 15 1 replacements the fol- 
lowing complications have occurred: 

One patient died of myocardial infarction on 
the twelfth day after the operation. Seven pa- 
tients had thromboembolic complications, all 
treated successfully by anticoagulants. One hip 
dislocated postoperatively; it was treated by 
closed reduction and no recurrence of the dislo- 
cation has occurred. There was one peroperative 
femoral shaft fracture which was treated with a 
wire-loop and subsequently healed uneventfully. 
One patient, in whom an osteotomy of the grea- 
ter trochanter was performed, developed an in- 
fection associated with the trochanteric cerclage 2 
years later, and simultaneously had septic ar- 
thritis of the contralateral knee. The infection 
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healed after drainage and extraction of the 
cerclage. 

We have not encountered any deep infection 
and in none of the hips has an excision arthro- 
plasty been necessary. 

Reoperations 

At the time of the follow-up study, 14 hips had 
been reoperated on with exchange of the femoral 
component because of aseptic loosening. The 
time intervals from the original replacement 
operations varied from 7 months to 6 years and 8 
months. The mean interval was 3 years and 6 
months. The interval of 7 months was in a hip 
where the stem had penetrated the femoral cor- 
tex and loosened rapidly. None of the hips had 
been operated on prior to the original replace- 
ment operation. In none of the exchange proce- 
dures have we obtained bacterial growth from the 
joint or from the tissue samples taken from the 
immediate surroundings of the implant after its 
removal and before intravenous antibiotics were 
administered. The cultures were made on both 
aerobic and anaerobic media. The implants were 
all loose within their cement encasements, which 
were widened proximally, where longitudinal 
cracking and sometimes fragmentation had 
occurred on the medial aspect. 

One of the loose femoral stems had fractured. 
No acetabular component has been exchanged. 

Radiographic signs of implant 
loosening 

The material was divided into groups according 
to the findings recorded from the X-ray films 
taken at the 5-year follow-up. 

Group I: Sixty-nine hips without any signs of 
loosening or change of position of the implants. 
Changes in the proximal femur without estab- 
lished relation to loosening will be described 
separately. 

Group IZ: Fifteen hips with minor signs of de- 
teriorated fixation or change of position of the 
fenioral stem which we have treated separately as 

an “undecided” group as the significance of these 
signs has been considered uncertain. Proximal 
iateral separation between the metal stem and 
cement amounting to 2 mm was found in 6 hips 
and less than 2 mm in 5 hips. Distal migration of 
the femoral stem measuring 2 to 8 mm (mean 4 
mm) was noted in 13 hips and 2 degrees or less of 
varus shift in 6 hips. Cystic resorptions of the 
medial cortex at the level of the lesser trochanter 
or calcar were present in 3 hips and in one the 
distal tip of the stem had eroded one-third of the 
posterolateral cortex. 

Group I l l :  Thirty-one hips with radiological evi- 
dence of femoral component loosening. The 
minimum requirements for a radiological diag- 
nosis of loosening were selected to correspond to 
the minimum radiological signs of loosening 
noted in those hips in which the loosening had 
been verified at reoperation. In the 31 hips the 
following was noted: 

Proximal lateral separation between the metal 
stem and the cement amounting to at least 3 mm 
(maximum 9, mean 4.5 mm) was present in 27 
hips. In 3 of the remaining hips the separation 
measured only 1-2 mm but in addition distal 
migration of 13 and 19 mm, respectively, was 
present in two hips and a lateral cortical resorp- 
tion and 11 mm of distal migration in one. In one 
hip the cement was completely surrounded by a 
radiolucent zone measuring 5 mm and the distal 
end had gradually penetrated the femoral cortex. 
This was the only hip in which the radiologically 
detectable loosening had taken place only be- 
tween cement and bone. 

In 9 hips the distal end of the stem had pene- 
trated partially into the femoral cortex, creating 
cavities that were not present on  the early post- 
operative radiograms. Distal displacement of the 
stem exceeding 2 mm (3 to 17 mm; mean 8 mm) 
had occurred in 28 of the 31 hips. In the remain- 
ing three the femoral components had shifted 
into accentuated varus positions without 
measurable subsidence. Varus shift measuring 2 
to 6 degrees (mean 2.9 degrees) had also taken 
place in 18 of the 28 hips with distal displace- 
ment. Transverse fractures of the cement were 
detected in 7 hips and areas of circumscript re- 
sorption of the femoral cortex from its inner as- 
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pect in 8 hips, in addition to the 10 with partial or 
total distal tip penetration. These areas were lo- 
cated medially in the region of the lesser 
trochanter and the neck rest or laterally along the 
middle and distal parts of the stem. 

Only  one acetabular component showed evi- 
dence of loosening. The femoral component of 
that prosthesis was also loose. 

Radiolucent zones exceeding 2 mm in width or 
surrounding the entire periphery of the acetabu- 
lar cement, migration or altered orientation of 
the socket were not detected in any further ar- 
throplasties. In two hips, rounded cyst-like le- 
sions with a 10-15 mm diameter were observed 
adjacent to the cement in the former acetabular 
roof. They could be identified as subchondral de- 
generative cysts, which had been left intact at the 
operations and after that had increased in size. 

Group  I V is added in the study of factors, which 
may contribute to increased risk of loosening. It 
contains the 14 hips reoperated for aseptic 
femoral stem loosening before the follow-up 
examination. 

To summarize, out of the total of 129 operated 
hips in patients still alive and available for fol- 
low-up, no less than 45 hips (35 per cent) showed 
radiographic evidence of implant loosening or 
had already been reoperated on for aseptic 
loosening, and in an additional 15 hips ( 1  2 per 
cent) loosening is suspected. 

Clinical results 

The clinical results with reference to pain, range 
of motion and ability to walk are shown for the 
whole series of 115 re-examined hips in Figures 1 
to 3 and the results for the 69 radiologically nor- 
mal hips in comparison with the 31 hips with evi- 
dence of loosening are shown separately in Fig- 
ures 4 to 6. The numerical rating system advo- 
cated by Charnley (1972) was used. 

Before operation, 76 per cent of the hips were 
in the lower three grades for pain. At the fol- 
low-up, 79 per cent of the hips were free from 
significant pain (grades 5-6). The average grade 
for pain was 2.7 before and 5.3 after the 
operation. As seen in Figure 1, seven hips were 

P A I N  

F O L L O W  U P  

Figure I .  Numerical grading for pre- and postoperative 
pain in 115 total hip replacements. Grading system ac- 
cording to Charnley (1 972). 

RANGE O F  MOTION 

F O L L O W  UP 

Figure 2 .  Numerical grading for pre- and postoperative 
total range of motion in 115 total hip replacements. 
Grading system according to Charnley (1972). 

unchanged and one worse with regard to pain at 
the follow-up. Four of these eight hips showed 
radiographic signs of implant loosening. How- 
ever, the majority of hips with loosening were 
rated in grades 5 and 6, and one-third was com- 
pletely pain-free (Figure 4). 
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WALKING CAPACITY RANGE O F  MOTION AT F O L L O W  UP 

F O L L O W  UP 

0 Group I 

Group Ill 

4 - ~ n  
aI8d. 1 2 3 4 5 6 

Figure 5. Numerical grading for total range of motion at 
follow-up in 6 9  total hip replacements with normal 
X-ray = Group I and 31 with implani loosening = 
Group iil, Grading system according to Charnley 
(1972). 

Figure 3. Numerical grading for pre- and postoperative 
walking ability in 115 total hip replacements. Grading 
system according to Charnley ( I  972). 

The range of motion is expressed as the sum of 
degrees of movement in all three standard direc- 
tions (Figures 2 and 5). The range of motion had 
improved by at least two grades in 71 hips (62 per 
cent). In 11 hips motion had not changed beyond 
the limits of the grade and in one it had deterior- 
ated. As seen in Figure 5, the pattern is quite 

PAIN AT F O L L O W  UP 

H G r o u p  111 

uniform regardless of the presence of radiological 
evidence of loosening. A reference value for 
normal range of motion in patients with the same 
age distribution is provided by 43 contralateral 
asymptomatic hips in the re-examined patients. 
The mean range of motion was 220 degrees, 
which is just over the limit between grades 5 and 
6. At the follow-up, 76 of the operated hips (66 
per cent) were in grades 5 and 6. 

For walking capacity, the preoperative ratings 
were in the upper three grades in only 11 hips 
(9.6 per cent), as compared to 82 hips (71 per 
cent) at the follow-up (Figure 3). As shown in 
Figure 6, assessment of walking capacity is of 
limited value for disclosing implant loosening. 
When the 115 re-examined hips are classified 
into categories A, B and C according to Charnley 

47 

W A L K I N G  CAPACITY AT FOLLOW UP 

Gr8de 1 2 3 4 S 6 

Group 111 0 Group I 
0 . 0  0 . 0  

&8d8 1 2 3 4 6 6 

Figure 4. Numerical grading for pain at follow-up in 69 
total hip replacements with normal X-ray = Group I and 
31 with implant loosening = Group IiI. Grading system 
according to Charnley ( I  972). 

Figure 6. Numerical grading for walking ability at for- 
low-up in 69  total hip replacements with normal X-ray 
= Group I and 31 with implant loosening = Group 111. 
Grading system according to Charnley ( I  972). 

34' 
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(1972), where A and B denote unilateral and 
bilateral hip involvement, respectively, in 
otherwise healthy individuals and C the presence 
of an additional factor impairing walking, it is 
found that in only 13 hips was the operated joint 
the single restricting factor, whereas 34 hips be- 
longed to category B and 68 to category C. 

Trendelenburg’s test had been carried out in 
11 1 hips both pre- and postoperatively. In the 
whole series it was positive or questionable in 66 
per cent of the hips before operation and in 27 
per cent at the follow-up. Of the hips with normal 
radiograms 19 per cent (11/59) had a positive 
Trendelenburg’s test and in those with loosening, 
it was positive in no less than 47 per cent (14/30). 
The difference is statistically significant 
(P<O.O1). Active straight leg raising in the supine 
position was painful or impossible in 5 of the hips 
with a normal X-ray (7 per cent) and in 5 of the 
hips (16 per cent) with loosening. 

Ten of the 31 hips with stem loosening could be 
classified as clinically normal with the following 
criteria: No pain (grade 6), range of movement 
more than 160 degrees (grade 5 4  walking 
capacity corresponding to grade 4 or better, 
painless active straight leg raising and a negative 
Trendelenburg’s test. 

Elevation of the erythrocyte sedimentation 
rate to more than 30 mm was found in 7 patients 
with a normal preoperative ESR. Four of these 

had rheumatoid arthritis and 3 had developed 
other diseases which could explain the raised 
ESR. 

Risk factors with respect to loosening 

Clinical and radiological features with known or 
suspected influence on loosening rate were 
studied, comparing group I (69 hips with normal 
X-ray at the 5-year follow-up) with group I11 and 
group IV (containing 31 hips with radiologic evi- 
dence of loosening and 14 hips reoperated for 
aseptic loosening prior to the follow-up). In Ta- 
ble 3, group I1 (15 hips with suspected loosening) 
is also included. 

Age. The average age at the operation was 65.6 
years in group I and 62.5 years in group I11 + IV. 
In 19 of the 37 hips (51 per cent), which had been 
operated on before 60 years of age, loosening had 
occurred. 

Sex. In group I, 32 per cent were men and in 
group I11 + IV 49 per cent. Loosening had taken 
place in 48 per cent of the male and 28 per cent of 
the female hips. 

Body weight. The average weight was 69 kg in 
group I and 74 kg in group I11 + IV. Patients 
heavier than 80 kg made up 16 per cent of group 

Table 3. Incidence of implant loosening under various conditions 

Number Distribution 
in groups (per cent) 

I I1 III+IV 

Prosthctic position: Valgus or neutral 
1-5 degrees varus 
2 6  degrees varus 
Medial cement packing: Cancellous bone remaining, 
less than 3 mm of cement 
Cancellous bone removed and/or 2 3  mm of cement 
Lateral metal-to-bone contact 
Distal metal-to-bone contact 
No cement past distal tip 

Wide marrow canal 
Lack Of COkir-Cdkdr Contact 

17 
58 
53 

104 
24 
23 
48 
19 
68 
43 

77 
64 
36 

50 
71 
43 
35 
47 
51 
51 

5 
12 
13 

12 
8 

18 
11 
16 
12 
9 

18 
24 
51 

38 
21 
39 
54 
37 
31 
40 

Total 128 54 12 34 

Group I = normal X-ray. Group I1 = suspected loosening. Group 111 = femoral stem loosening established at 
5-year follow-up. Group IV = femoral stem loosening reoperated before follow-up. 
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I and 32 per cent of group I11 + IV. Twenty-se- 
ven patients weighed over 80 kg at the time of 
operation and loosening had occurred in 14 (52 
per cent) of these. 

An analysis of the combined effects of age and 
body-weight shows that in patients older than the 
median age of 65 years at the operation and 
weighing less than the median weight of 70 kg the 
rate of loosening was only 1/25 (4 per cent), and 
in the rest of the material 44/89 (49 per cent). 
The difference is statistically significant 
(P<O.OOl) .  

Physical activity. The categories A, B and C for 
walking capacity (Charnley 1972) reflect the 
physical activity levels and thereby to some ex- 
tent give an indication of the strain to which the 
prosthesis is subjected. Category A hips made up 
8.7 per cent of group I and 22 per cent of group 
111 + IV. In category A, 10 hips (59 per cent), in 
category B, 17 hips (42 per cent) and in category 
C ,  18 hips (25 per cent) showed evidence of im- 
plant loosening or had been reoperated. 

Bilateral operations. We found a decreased inci- 
dence of loosening in the 19 patients who had 
been bilaterally operated during the period under 
study. Of these 38 hips, 26 (68 per cent) belong 
to group I and 8 (21 per cent) to group I11 + IV. 

Previous operations. In group I 13 hips (19 per 
cent) and in group I11 + IV 7 hips (16 per cent) 
had been operated on prior to the replacement 
(Table 2). 

Radiographic features. In one of the reoperated 
hips a technical fault with penetration of the stem 
through the femoral cortex had led to loosening, 
necessitating reoperation after 7 months. This hip 
is excluded from this section, leaving 44 hips in 
group I11 + IV. The observations are summarized 
in Table 3. As the curved Charnley-Muller stem 
has no true longitudinal axis, its orientation in the 
frontal plane was defined as the angle between 
the longitudinal axis of the femur and a line 
passing through the most distal point of the stem 
and the most proximal point of the prosthesis 
collar. According to this definition, the average 

angle was 3 degrees of varus in group I and 6 
degrees of varus in group 111 + IV. 

This difference is statistically significant 

A varus angle of 6 degrees or more was as- 
sociated with ioosening in 51 per cent of the hips. 
The thickness of the cement layer medially was 
measured at the level of the remaining part of the 
femoral neck and the presence of cancellous bone 
was noted. In 104 operations, the cement layer 
was less than 3 mm thick and cancellous bone had 
been preserved. In only 5 hips was the cement 
layer more than 5 mm thick. Among the 24 re- 
placements with a cement thickness of more than 
3 mm and/or all cancellous bone removed, 17 (7 1 
per cent) belong to group I and only 5 (21 per 
cent) to group I11 + IV. No significant correlation 
could be established between medial cement 
thickness and varus-valgus orientation within the 
narrow range of variations in this series. The av- 
erage angle was 4.4 degrees of varus for the 
whole material and 4.0 degrees of varus for the 
24 hips with thicker medial cement. 

Along the convex lateral aspect of the stem it 
was observed whether or not the cement layer 
was continuous. In 23 replacements it was inter- 
rupted, with direct contact between metal and 
cortical bone. No significant effect on the rate of 
loosening was seen. 

It was further noted whether the cement sur- 
rounded the distal tip of the prosthesis or whether 
the tip was in direct contact with the bone. 
Whether or not the cement extended distally past 
the prosthesis was also noted. Metal-to-bone 
contact at the distal end was seen in 37.5 per cent 
of the total number, in 25 per cent of the 
radiologically normal hips and in 59 per cent of 
the loosened implants. In 19 hips the cement did 
not extend past the tip of the femoral stem. This 
had no demonstrable effect on the rate of 
loosening. Direct contact between the collar of 
the femoral prosthesis and the cut end of the me- 
dial femoral neck had not been achieved in 68 
replacements. No effect on the rate of loosening 
was noted. 

In 43 femora the marrow canal was more than 
twice as wide as the prosthesis stem, measured at 
its mid-point. The loosening rate in these hips did 

(P<O.OOl).  
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not deviate significantly from that of the whole 
material. 

Changes in the upper femur 

The resorptive bone changes noted in connection 
with implant loosening have been described in 
the presentation of the radiological signs of 
loosening. In addition, resorption of the cortical 
bone on the medial side of the remaining part of 
the femoral neck and hypertrophy of the femoral 
diaphysis at the level of the distal part of the stem 
have been observed. The reoperated hips are not 
included in these observations in the 115 hips 
with a minimum of 5 years’ follow-up time. 

Femoral neck resorption. In 57 hips (49.5 per 
cent) resorption of 2 mm or more of the cut end 
of the femoral calcar had occurred. In group I 
resorption was present in 24 hips (35 per cent) 
but only in 6 did it exceed 5 mm. The average 
resorption was 4.6 mm. In group I1 resorption 
was noted in 10 out of 15 hips with a mean value 
of 4.5 mm and in group 111 resorption had 
occurred in 23 hips (74 per cent), on average 8.7 
mm. In addition to resorption of the outer end, 
cystic resorption from the inner surface of the 
calcar was observed in 3 hips in group I1 and in 7 
hips in group 111. 

Cortical hypertrophy. At the 5-year follow-up the 
outer diameter of the femur at the level of the 
distal part of the stem showed an increase by 3 
mm or more in 44 hips (38 per cent). In group I 
the increase was 3 mm in 13 hips (19 per cent) 
and 4 mm or more in 7 hips (10 per cent) with a 
maximum value of 6 mm. In group I11 the in- 
crease was 3 mm in one hip and 4 mm or more in 
16 hips (52 per cent) with a maximum value of 10 
mm. 

COMMENTS 

The clinical results are still satisfactory after more 
than 5 years’ foliow-up even though the propor- 
tion of totally or almost pain-free hips (79 per 
cent) is slightly smaller than in series with shorter 
observation times (Hellinger et al. 1978, Olsson 
et al. 1979). The absence of deep infections is 

particularly gratifying. However, the large 
number of hips with loosening of the femoral 
component is alarming. In 14 of the original 151 
hips, recurrence of pain and radiological evidence 
of loosening had led to reoperation before the 
follow-up. This incidence (9.3 per cent) is not 
remarkably high in relation to comparable re- 
ports (Witt & Hackenbroch 1976, Tonnis & Asai 
1976, McBeath & Foltz 1979) and so our findings 
concerning radiologically detectable implant 
loosening may well be generally applicable. 

A radiographic diagnosis of implant loosening 
does not necessarily have clinical consequences, if 
there are no symptoms and the condition is 
radiologically stable at subsequent examinations. 
Weber & Charnley (1975) described “subsi- 
dence” of the femoral stem and stated that it did 
not constitute an indication for revision of the 
prosthesis. On the other hand, Beckenbaugh & 
Ilstrup (1978) found that 2 mm of drift was as- 
sociated with increased pain and predicted that 
ultimately the loosening will cause trouble and 
Gruen et al. (1979) demonstrated that radiologi- 
cal signs of loosening progressed with time in 56 
out of 76 hips. Markolf & Amstutz (1976) from 
an experimental study of prosthesis orientation 
and fixation concluded that even the slightest 
amount of loosening can be of critical importance 
in producing high stress levels. In many instances, 
the loosening is associated with bone resorption 
in connection with the implant, often appearing 
as cyst-like cortical defects medially at the level 
of the calcar and lesser trochanter and laterally at 
the level of the distal part of the stem. These are 
the two regions where the bending moment of the 
loose implant exerts maximum pressure on the 
bone and the absorption may be the result of ex- 
cessive load (Brockhurst & Svensson 1977), al- 
though a foreign body reaction caused by parti- 
cles of fragmented bone cement may also be in- 
volved (Harris et al. 1976). Progressive bone re- 
sorption will ultimately ruin the bone stock 
available for the fixation of a new implant and a 
revision of the prosthesis must take place without 
delay (Buchhorn et al. 1979, Hupfauer & Seifert 
1976, Maier et a1 1977). According to Mach 
(1976) and Witt & Hackenbroch (1976) an ab- 
solute indication for revision exists in every case 
of proven implant loosening. 
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The strict criteria for a diagnosis of loosening in 
this series resulted in the formation of an “un- 
certain” group of 15 hips with minor loosening 
signs, which may represent subsidence into a new, 
stable position. Support for this assumption can 
be found in the statement by Blacker & Charnley 
(1 978), that a cemented femoral prosthesis, 
which has been successful for about 4 years, is 
very unlikely to loosen subsequently. It can not 
be excluded, however, that at least some of these 
hips may be in the early stages of progressive 
loosening. The difficulties in establishing an ab- 
solute definition for implant loosening are illus- 
trated by the observations by Fornasier & 
Cameron (1976) that a thin layer of organized 
fibrous tissue was consistently present between 
metal and cement in post-mortem specimens. 
The pattern of loosening may at least to some 
extent be specific for each type of prosthesis and 
also influenced by variations in operative 
technique. The pattern observed in the majority 
of our cases corresponds to mode I1 of Gruen et 
al. (1979), which represented only 3 per cent of 
their material of loosened Charnley and 
Trapezoidal-28 stems. The Charnley-Miiller stem 
is curved and diamond-shaped in cross-section, 
and in the present series no consistent attempts 
had been made to avoid varus insertion or to re- 
move all cancellous bone. Generally, the cement 
encasement was thinnest on the medial aspect of 
the proximal part and on the dorso-lateral aspect 
of the distal tip. In the distal part, the cement 
filling was often irregular and incomplete. The 
cement had been inserted into the medullary 
canal from above without the use of a cement 
syringe or plugging of the canal. On the basis of 
theoretical calculations and experimental and 
clinical studies, aseptic failure of femoral stem 
fixation has been attributed to a number of fac- 
tors, such as varus position of the stem, in- 
adequate cementing technique, lack of collar-cal- 
car contact, wide femoral marrow canal, cracking 
of the cement caused by shrinkage during its 
polymerization and various details of the stem 
design (Andriacchi et al. 1976, Beckenbaugh & 
Ilstrup 1978, Bocco et al. 1977, Griinert & Ritter 
1973, Hackenbroch et al. 1976, Heipertz 1974, 
Hinterberger & Ungethiim 1977, Holz & Un- 
gethiim 1975, Markolf & Amstutz 1976, 

McBeath & Foltz 1979, Miiller 1974, Oh & Har- 
ris 1978, Pellicci et aI. 1979, Ritter et al. 1973. 
Savino 1978). In our series, increased varus 
orientation of the femoral component was as- 
sociated with a significantly higher incidence of 
loosening. It i; not possible from this material to 
determine whether a different reaming and ce- 
menting technique may reduce or eliminate the 
importance of varus-valgus orientation for the 
long-term stability. Our findings indicate that 
distal lateral cement support of the stem may be 
as important as the support of the proximal me- 
dial part. It has been pointed out that there is an 
increased risk of implant loosening in patients 
who are relatively young, heavy or physically ac- 
tive (McBeath & Foltz 1979, Pellicci et al. 1979, 
Weber & Charnley 1975). In the present series, 
age, sex and body-weight significantly influenced 
the rate of loosening, and unilateral arthroplas- 
ties in otherwise healthy persons were subjected 
to an increased risk of loosening. For patients in 
the risk groups, alternative methods of treatment 
should always be considered, and excessive 
weight should be reduced preoperatively. We 
agree with the opinion, expressed by several au- 
thors, that proximal femoral osteotomy should be 
considered as a first choice of treatment in 
younger patients with hip osteoarthritis 
(Brinkmann & Heilmann 1974, Collert & 
Gillstrom 1979, Gierse 1979, Maier et al. 1977, 
Mogensen et al. 1980, Miiller 1974, Morscher 
1979, Olsson 1974). Resorption of the medial 
femoral neck was found in more than half of the 
arthroplasties with suspected or confirmed 
loosening but in only 24 out of 69 with normal 
X-rays. The nature of such resorption is still not 
fully understood. According to Griss et al. (1978) 
a cortical atrophy measuring 1-4 mm is a con- 
sequence of the disturbance of vascularisation at 
the operation and the same opinion is expressed 
by Cupic (1979), who states that up to 4 mm of 
resorption can be considered normal. Maier et al. 
(1977) noted 53.2 per cent calcar resorption and 
Blacker & Charnley (1978) noted “significant” 
resorption (greater than 3 mm) in 1 17 out of 167 
hips, whereas Beckenbaugh & Ilstrup (1978) 
found resorption in only 16.1 per cent of 255 hips 
after an average of 69 months. Bocco et al. 
(1977) and Griss et al. (1978) describe and clas- 
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sify different patterns of resorptive changes in the 
calcar and conclude that a foreign body reaction 
against fragmented PMMA as well as femoral 
stem loosening are responsible for the develop- 
ment of extensive erosion including cavitation of 
the inner surface of the calcar. In a stress analysis 
of the femoral stem, Andriacchi et al. (1976) 
demonstrated that the mechanical consequences 
of calcar resorption are increased tensile stresses 
in the stem, which may lead to failure. Oh & 
Harris (1978) regard calcar resorption as a man- 
ifestation of disuse atrophy and suggest that such 
atrophy may be prevented if the femoral compo- 
nent has a sufficiently wide collar which by direct 
contact transfers load to the cut femoral neck. 
Other authors, however, have come to the con- 
clusion that no significant load is transmitted to 
the cut neck (Brockhurst & Svensson 1977, Griss 
et al. 1978, Huggler et al. 1978). Probably this 
question is of limited practical consequence, since 
even a small amount of stump atrophy induced by 
the surgical trauma may reduce or eliminate any 
collar-calcar load transfer which may have 
existed initially. Hypertrophy of the femoral 
cortex was found by Blacker & Charnley (1978) 
in 48 out of 167 hips studied an average of 9.9 
years after operation whereas Beckenbaugh & 
Ilstrup (1978) found cortical thickening in only 3 
out of 237 hips followed for more than 5 years. In 
our series, the diameter of the femur had in- 
creased by 4 mm or more at the level of the distal 
part of the stem in more than half of the hips with 
implant loosening but in only 10 per cent of the 
radiologically normal hips. It is reasonable to as- 
sume that femoral cortex hypertrophy may be in- 
duced by the altered stress distribution at the end 
of the rigid implant but that the still higher stress 
concentrations resulting from loosening of the 
implant may give rise to a more vigorous re- 
generative bone reaction. Another sign of this 
process is the increased radionuclide uptake in 
the region of the distal stem in bone scintigraphy 
of hips with femoral component loosening 
(Hupfauer & Seifert 1976, Hackel et al. 1978). 

CONCLUSIONS 

1. Although the clinical results after more than 5 

years’ follow-up time are satisfactory, the high 
incidence of radiologically detectable implant 
loosening is disquieting. The indications for con- 
ventional total hip replacement should not be 
broadened until better long-term results with im- 
proved technique have been documented. Such 
improvements should include both implant de- 
sign and operative technique. 

2. Symptoms and clinically detectable signs are 
not necessarily present in spite of radiological 
evidence of implant loosening. Even in 
asymptomatic hips, X-ray may show bone re- 
sorption around the implant, indicating progres- 
sive loosening and destruction of the bone availa- 
ble for the fixation of a new implant. We suggest 
that all total hip replacements are checked by 
X-ray examination after 5 years. New symptoms 
from an operated hip should always give rise to a 
suspicion of loosening. 

3. Individual risk factors with regard to pros- 
thesis loosening must be taken into account be- 
fore a total hip replacement is decided upon. Ex- 
cessive weight should be reduced preoperatively. 
In young patients with osteoarthritis, osteotomy 
should be considered as an alternative treatment. 
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