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The Infected Hip after Total Hip Arthroplasty
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ABSTRACT: We studied the cases of fifty-two pa-

tients with an infection at the site of a prosthetic total

hip replacement, and are reporting the significant din-

ical features, infecting organisms, methods of treatment,

and results at long-term follow-up. Forty-eight per cent

of the hips had had an operation prior to the index

arthroplasty, and 42 per cent had a wound complication.
All patients had pain in the infected hip, but only 54 per

cent had an erythrocyte sedimentation rate of more than

thirty millimeters per hour, 44 per cent had fever, and

15 per cent had leukocytosis. In 88 per cent of the pa-

tients a single organism was grown on culture, and

Staphylococcus epidermidis, Staphylococcus aureus, and

Escherichia coil were present in about 75 per cent. When

antibiotic therapy alone was the initial treatment, the

infection was eradicated in only one patient. Excisional

arthroplasty was the definitive surgical procedure in

thirty-three patients and the infection was eradicated in

twenty-seven of them, but the clinical result was satis-

factory in only twenty. Of ten patients who had a true

Girdlestone arthroplasty, none had recurrence of the

infection and all had a clinically satisfactory outcome.

Although infection after total hip-replacement arthno-

plasty is uncommon, it is an extremely serious complication.

Its incidence has variously been calculated to be between

0.8 and 3.0 per cent36’9. However, there have been few
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published reports oflarge series ofpatients. In 1972, Charn-

ley reported on eighty-five infections ( 1 .6 per cent) after

5,800 total hip replacements that he had performed without

the use of prophylactic antibiotics. Hunter and Dandy’4 stud-
ied the cases of all such patients in Canada prior to 1977,

and found a total of 137 patients with 139 infected hips.

Lindberg et al. reviewed the cases of patients from eight

different departments of orthopaedic surgery in Sweden and

Norway, and found a total of 1 13 who had primary revision

(implantation of a total hip prosthesis after removal of the
infected prosthesis, in the same surgical procedure). Most

recently (1981), Buchholz et al. reviewed the cases of 583

German patients in whom primary revision was done in a

center to which appropriate patients were referred.

We had four goals in the present study: first, to char-

acterize the clinical findings in our patients; second, to iden-

tify the infecting organism or organisms; third, to review

the various modes of treatment; and fourth, to determine

the short-term and long-term results.

Materials and Methods

Fifty-two infected hips in fifty patients were diagnosed

and treated at the Philadelphia Veterans Administration Hos-

pital (sixteen hips) and at the Hospital of the University of

Pennsylvania (thirty-six hips) between 1970 and 1980. We

reviewed all charts and radiographs and performed a recent

follow-up evaluation on all patients.

We evaluated the results to determine if the infection

had been eliminated and rated the over-all clinical status

with respect to pain, function, and mobility on the Harris

scale. If a patient had recurrent drainage, an elevated eryth-
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TABLE I

No. with No. with No. with Wound

Type of No of Elevated Erythrocyte Elevated White No. with No. with No. with Erythema or Other

Infection Hips* Sedimentation Rate* Blood-Cell Count* Fever* Hematoma* Drainage* Complications*

Early 19 (16/3) 7 (6/1) 3 (3/0) 8 (8/0) 3 (2/1) 6 (6/0) 4 (3/1)

Delayed 15 (9/6) 10 (7/3) 1 (0/1) 6 (4/2) 3 (1/2) 1 (I/O) 2 (0/2t)

Late 18 (11/7) 10 (4/6) 4 (2/2) 8 (5/3) 0 2 (2/0) 1 (1/0)

* Numbers in parentheses indicate the numbers of hips treated at the Hospital of the University of Pennsylvania/numbers of hips treated at the

Veterans Administration Hospital.

t Postoperative dislocation with open reduction in one of two hips.

rocyte sedimentation rate, leukocytosis, fever, or radio-

graphic or histological changes that were typical for

infection, the case was recorded as a reinfection’2. A patient

was judged to have a satisfactory result if he on she had

none of the described indications of an infection and the

Harris hip rating was more than 65 points, indicating mm-

imum pain and reasonable function.

Results

Twelve ofthe sixteen infected hips that had been treated

at the Veterans Administration Hospital and twenty-two of
the thirty-six that had been treated at the University Hospital

had undergone the initial total replacement at the same in-
stitution; the incidences of infection were approximately 5

and 1 .8 per cent, respectively, of the total hip replacements

performed at the hospitals during the ten-year period. The

average age of the patients was sixty years (range, twenty-

seven to eighty years). Thirty-one patients were men and

nineteen were women; both of the patients with bilateral

involvement were women. The primary preoperative dis-

orders were: osteoarthritis in nineteen hips: avasculan ne-

crosis in eleven; traumatic arthritis in seven; rheumatoid

arthritis in six; congenital dysplasia in six; and slipped

epiphysis, radiation osteonecrosis, and chronic osteomyel-

itis with osteoarthritis in one hip each. No important dif-

ference could be found in the relative frequency of diagnoses
in these infected hips compared with the entire population

with total hip arthroplasty. In twenty-five (48 pen cent) of

the fifty-two hips another surgical procedure preceded the

index total hip arthroplasty; these included osteotomy. in-

ternal fixation of a fracture, and implantation of an endo-

prosthesis. An average of two prior operations had been

performed per patient in this subgroup. The types of total

hip prostheses used in the index operations were: Charnley-
MUller in eighteen hips, Tnonzo in sixteen, Bechtol in

eleven, Sbarbara in three, Ring in two, and McKee-Farran
and Aufranc-Turner in one each.

The interval between the date of the index operation

and the date of diagnosis of infection was less than three

months for nineteen hips (37 pen cent), three to twelve

months for fifteen (29 per cent), and more than twelve

months for the remaining eighteen hips (34 per cent). These

figures for early, delayed, and late infections are similar to

those reported by others89’423. The signs and symptoms at

the time of diagnosis included pain in all fifty-two hips, an

increased erythrocyte sedimentation rate in twenty-seven (54

pen cent), a febnile episode with a temperature higher than

38 degrees Celsius in twenty-two (44 pen cent), and leu-

kocytosis in eight (15 pen cent). Table I shows the incidence

of these signs and symptoms at the time of diagnosis for

the hips with early, delayed, and late infection. None of the

signs and symptoms were consistently found in any one

group. There were relatively few early infections in the

patients treated at the Veterans Administration Hospital.

In 42 per cent of the hips, wound complications were

noted in the immediate postoperative period (at two to three

weeks). A majority of them were eventually classified as

having an early infection. In the one hip that had dislocated

early and required open reduction, a delayed infection de-

veloped. Although the patients at the Veterans Administra-

tion Hospital had a higher incidence of infection, they did

not have a higher incidence of wound complications on early

infection. Ofthe hips in which infection appeared more than

twelve months after operation. six had distant septic foci,

which probably gave rise to hematogenous spread of the

infection. The foci included severe infections of the skin,

the oral cavity. the urinary tract, and an abdominal wound.

In each patient inappropriate on no antibiotic coverage had
been prescribed and the same organisms were grown on

culture of a specimen from the focus as were grown from

a specimen from the infected hip. The remaining twelve

late infections may have been due either to hematogenous

spread from an unknown septic focus or to the exacerbation

of a low-grade infectious process. All but one of these

twelve patients had concurrent rheumatoid arthritis, chronic

hepatitis, diabetes, sickle-cell anemia, chronic tuberculous

infection, or a history of alcohol on drug abuse.

In reviewing the bacteriological findings of these in-

fections, we found that in most (forty-seven of the fifty-two

hips) a single organism was responsible. Staphylococcus

aureus (ten hips) , Staphylococcus epidermidis (sixteen

hips), and Escherichia coli (ten hips) were by far the most

common organisms, as has been found in previous series”.

The responsible organisms were obtained by preoperative
aspiration of the hip or tissue culture, on both, in twenty-

nine hips and by intraoperative wound culture in the others.

The initial treatment consisted of antibiotics alone in

nine hips (group 1 ). antibiotics and drainage in twenty-three

(group 2), primary revision in five (group 3). and excisional

arthroplasty in fifteen (group 4) (Table II). The method of

treatment was chosen mostly according to the surgeon’s

preference, although early in the series (before 1976) there
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TABLE II

No. OF INFECTI ONS IN EACH TREA TMENT GR0uP*

Type of

Infection Group 1 Group 2 Group 3 Group 4

Early 5 (3/2) 10 (10/0) 2 (1/1) 2 (2/0)

Delayed I (1/0) 6 (3/3) 2 (1/1) 7 (5/2)

Late 3 (2/1) 7 (5/2) 1 (1/0) 6 (2/4)

Total 9 23 5 15

* Numbers in parentheses indicate the numbers of hips treated at the

Hospital of the University of Pennsylvania/numbers of hips treated at the

Veterans Administration Hospital.

was a greater tendency to treat patients with antibiotics alone

or with antibiotics and drainage (groups 1 and 2) than there

was later in the series.

In about half of the patients in whom ingress and egress
tubes were used for the treatment of the infection , there was

a change in the type of organism identified in the hip sec-
ondary to colonization of the wound. Typically, there was
a change from a gram-positive organism such as Staphy-

lococcus to a gram-negative rod such as Pseudomonas,

Klebsiella, or Enterobacter species. The secondary flora

were almost uniformly resistant to all available oral anti-

biotics.

In group 1 , the treatment regimen included commonly

therapeutic doses of appropriate antibiotics, as determined

by drug-sensitivity testing, administered intravenously for

a total of four to six weeks. In only two hips was the
infection eradicated, and both ofthese results were clinically

satisfactory. Of the remaining seven patients, two were sub-

sequently treated with concurrent antibiotics and surgical

drainage but they had a clinically poor result. In group 2,

the treatment (by antibiotics and drainage) failed in twenty-

two of the twenty-three patients, not including the two pa-

tients from group 1 who were subsequently treated with

antibiotics and drainage. Excisional arthroplasty was per-

formed after failure of the antibiotics and drainage treatment

in eighteen of the remaining twenty-two patients, and the

results of these subsequent procedures will be discussed

later. The average interval between treatment with anti-

biotics and drainage and treatment with excisional arthno-

plasty was ten months (range, one to sixty months). In the

five hips in group 3 (primary revision without use of anti-

biotic-loaded cement), there were two satisfactory results.

Two other hips had apparent eradication of the infection but
with a clinically unsatisfactory result, and in one patient the

infection clearly recurred. Of the fifteen hips in group 4

(excisional arthnoplasty as the initial treatment), the infec-

tion was apparently eradicated in thirteen. One patient, how-

ever, was receiving daily oral antibiotics on a chronic basis

at the time of the study, and the infection may simply have

been temporarily suppressed. Four of the fifteen hips had a
clinically unsatisfactory result because of moderate to severe

pain, poor function, on recurrent infection.

When excisional arthroplasty was utilized as the final

definitive surgical procedure, as either the initial (fifteen

hips) or subsequent treatment (eighteen hips), there was

apparent eradication of the infection in twenty-seven and a

clinically satisfactory result in twenty of the thirty-three

hips. Excisional arthroplasty involves temporary on per-

manent removal of the femoral and acetabular components.
Some of the hips had a true Girdlestone procedure at the

time of the excisional arthroplasty . A Girdlestone procedure
involves the formation of two congruous, articulating sur-

faces at the hip, produced by removing the lateral acetabular

rim and osteotomizing the proximal part of the femur at the

intertrochantenic line’22627. Figure 1 shows a hip with a good

result after a Girdlestone procedure. In our series, when a

Gindlestone arthroplasty was performed care was taken to

remove all of the cement, the wound was closed primarily,

and skeletal traction was applied to maintain distraction at

the pseudarthrosis for six weeks (Figs. 2-A and 2-B). Pan-

enteral antibiotics were given for this six-week period and

then discontinued. Oral antibiotics were rarely used during

this time. An additional four to six-month period of pro-

tected weight-bearing with crutches, a walker, or an ischial

weight-beaning brace was then recommended. (Despite

postoperative traction, moderate proximal migration of the

femur took place.) Meticulous attention was paid to these

details according to the protocol worked out at the Nuffield

Orthopaedic CentreJo. Of the twenty hips with a clinically

successful result, ten had had a Girdlestone arthnoplasty and

ten, some other excisional arthroplasty.

Radiograph showing a hip that had a properly performed Girdlestone
arthroplasty.



FIG. 2-A FIG. 2-B

Fig. 2-A: Preoperative radiograph of an infected hip with a loosened total hip prosthesis and extension of cement far down the medullary canal.

Fig. 2-B: Postoperative radiograph showing that all of the cement has been removed.
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Three hips had delayed revision of an excisional ar-

throplasty (removal of the components and reinsertion at a

second procedure): one at six months, one at eighteen

months, and one at twenty-four months after excisional ar-

throplasty. All of these patients had apparent eradication of

the infection. One result, however, was judged to be din-

ically unsatisfactory due to pain and poor function. One

patient with a satisfactory result after secondary total hip
arthroplasty was receiving chronic suppressive antibiotic

therapy at the time of the conclusion of the study, thirty-
six months after the second operation.

Of the nineteen hips that had an excisional arthnoplasty

in which all of the cement was removed, seventeen had no

recurrence of infection and thirteen had a clinically suc-

cessful result. Of the fourteen hips from which all of the

cement was not removed, ten had no recurrence of infection

and seven had a clinically successful result. Of the ten hips

in which a true Girdlestone arthroplasty was performed,

there were no recurrences of infection and all had a clinically

successful result, as defined earlier. In comparison, of the

twenty-three hips that were treated by excisional arthro-

plasty without a true Girdlestone arthroplasty, infection was

eradicated in seventeen and a clinically satisfactory hip was

achieved in only ten.

The average length of follow-up of these patients was
4. 1 years (range, six months to nine years). Only ten patients

had less than two years of follow-up, and each had had

obvious recurrence of the infection with a clinically unsat-

isfactory result. There were three deaths, each after more

than two years of follow-up. None of the deaths were di-

rectly due to the infection, although one patient had had a

recurrence and two had had a clinically unsatisfactory result.

Discussion

This study does not represent a national or multicenter

review, but rather the cumulative experience of two hos-

pitals supervised by one academic department of ortho-

paedic surgery. The advantages of our study included the

facts that there was one surgical staff in charge, that the

operative techniques and the approaches to treatment were

the same, and that there was a uniform follow-up.

We reviewed the various modes of treatment that were

used for infected hips after total replacement, including

antibiotics alone, antibiotics with surgical drainage, exci-

sional arthroplasty, and primary revision. Our findings sug-

gested that only excisional anthroplasty consistently

eliminated infection and resulted in a clinically satisfactory

result. A secondary total hip replacement can later be at-

tempted should infection be eradicated, but this was pen-

formed in only three of our thirty-three patients who had

excisional arthroplasty. Primary revision was rarely at-

tempted in our series, but in various reports, including those

of Buchholz et al. and Carlsson et al. , this procedure was

successful in 70 to 90 per cent of patients. However, other

studies’3 have suggested that the success rate may be much

lower (25 pen cent) when the hips that were described as



FIG. 3-A FIG. 3-B

Fig. 3-A: Preoperative radiograph of a hip with a chronic inf�ction. loosening of both components of the total hip replacement. and intrapelvic
protrusion of the acetabulum.

Fig. 3-B: Postoperative radiograph showing that the femoral neck has been inadequately resected and all of the cement has not been removed.
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‘ ‘healed’ ‘ are more closely evaluated. Buchholz et al. de-

fined a good result as eradication of infection and a stable
arthroplasty.

As noted in this and other reports, a high percentage

(48 pen cent) of the patients have had previous operations

on the affected hip prior to the initial (index) total hip

arthnoplasty2. In our total population with hip replacement,

only I 2 pen cent of the patients who did not have infection

had undergone a previous operation. We also noted that a
very high percentage of our patients exhibited problems with

wound-healing immediately after the primary total hip re-

placement.

While the patients at the Veterans Administration Hos-

pital had a much higher infection rate than those at the

University of Pennsylvania Hospital, they had relatively few

wound complications and few early infections. However,

they tended to have a higher incidence of other serious

systemic diseases, including alcoholism and diabetes, with

low resistance to infection. Thus, the high incidence of
delayed and late infection in the Veterans Hospital patients

may have been due to hematogenous spread from concurrent
infection or exacerbation of a very low-grade process that

would have been subclinical in a patient from the general

population (University Hospital).

The most significant observations that can be drawn
from this study relate to the follow-up evaluations of the

patients. The average length of follow-up was slightly more

than four years, with three deaths having occurred during
this period. As has been noted in previous studies2t, the

infection rate for patients with total hip replacement in-

creases significantly with time. Thus, it is imperative that

studies include long-term follow-up. Reviewing the cases

of our patients with late infection, we found an average

interval of 3.7 years from the time of the hip replacement

to diagnosis of infection, and in six of the eighteen patients
with a late infection the interval was longer than four years.

To our knowledge all six of these infections were non-

hematogenous. The hips that had successful treatment of a

late infection were followed for an average of 4.5 years. In

1974, Muller noted that the statistics presented by Buchholz

and Gartmann in 1972 for primary revision showed a 95

per cent success rate. One year later, however, this figure
changed to 75 pen cent. In 1981 , Buchholz et al. reported

a four-year average follow-up of good results after primary
revision. Jupiter et al. reported that fourteen of eighteen

primary revision arthroplasties were successful, yet only five

of the fourteen had a follow-up of at least four years. In

our study we attempted to minimize the number of patients
who were lost to follow-up. The patients who had not been

seen for as long as five years were located and contacted

(sometimes with great difficulty), and in many instances the

reason that they had not been seen and had been initially

listed as lost to follow-up was that they had been doing

quite well with the excisional arthroplasty. This may in part

explain the significantly higher percentage of satisfactory
results after excisional arthroplasty in this study compared

with previous studies72224. Petty and Goldsmith reported

only a 20 per cent success nate for excisional anthroplasty
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after infection in patients with total hip replacement.

We also evaluated several factors that had previously

been advocated as affecting the outcome of excisional ar-

throplasty. Eradication of infection, producing a dry surgical

wound, is mandatory for a successful excisional arthro-

plasty, and complete removal of cement has been recom-

mended as a prerequisite to achieving this end. Seventeen

(89 per cent) ofthe nineteen hips with excisional arthroplasty

from which all cement was removed had no recurrence of

infection, and ten (71 per cent) of the fourteen hips from

which all cement was not removed had eradication of in-

fection. The differences between the groups were not sta-

tistically significant, using the Fisher analysis. Moderate to

severe pain and poor function have contributed to poor re-

sults with excisional arthroplasty. In our series, each of the

ten hips in which a true Girdlestone arthroplasty was per-

formed had a clinically successful result. Only 43 per cent

of the twenty-three hips in which a Girdlestone procedure

was not performed had a clinically successful result.

The results in our patients seem to have been better

than those reported in most other series. In addition to the

more comprehensive follow-up, there are several reasons

for this. Many orthopaedists use the term ‘ ‘Girdlestone pro-

cedure” loosely to include all types of excisional arthro-

plasty, instead of just those that strictly conform with

Girdlestone’s operation and postoperative regimen. A por-

tion of the femoral neck or acetabular rim may be left be-

hind, or the postoperative management may include some

shortcuts. Figures 3-A and 3-B show a hip in which there

had not been adequate resection of the femoral neck and,

despite use of a lateral window, cement remained in the

medullary canal. In our ten patients in whom a true Gir-

dlestone procedure was performed, a deliberate attempt was

made to remove all visible cement and infected bone. It is

doubtful, however, that an absolutely complete d#{233}bridement

is ever accomplished. From our data it is impossible to

determine whether the key element for success is the surgical

d#{233}bnidement of cement and bone or the formation of the

Girdlestone pseudarthrosis. We wish to emphasize that the

surgeon and the patient should have reasonable expectations

for this procedure and should be aware of its limitations.

Shortening, instability, an abductor lurch, and the need to

use a single cane should not be construed as indicators of

failure. Elimination of infection, good motion, acceptable

function, and little or no pain are the appropriate goals of

this procedure.

If the Girdlestone procedure is to be successful, then

ideally it should include, as already discussed, complete

excision of the neck of the femur and the rim of the ace-

tabulum. Unfortunately, this presents the surgeon with a

therapeutic dilemma, in that although the procedure will

give the best result it also makes it more difficult to replace

the total hip at a later date. When the surgeon is reluctant

to leave the patient with a Girdlestone arthroplasty per-

manently, he or she has two options. First, the components

and all cement may be removed without sacrificing the calcar

or acetabulum. The majority of patients who are treated in

this way have a poor result and may later request neim-

plantation of a total hip prosthesis, assuming that the in-

fection has been eradicated. In our series of patients who

had a non-Girdlestone excisional arthroplasty, the 43 per

cent success rate (ten of twenty-three hips) was comparable

with the rates in other reported series. Second, the surgeon

may elect to perform a true Girdlestone arthroplasty and

accept the fact that at a later date reimplantation of a pros-

thesis will be more difficult, but not impossible. All of our

Girdlestone arthroplasties were clinically successful and

none of the patients elected to undergo reimplantation. In

addition, the patient who has undergone multiple attempts

at revision surgery may be left with an insufficient proximal

end of the femur for the performance of a proper Girdlestone

pseudarthrosis. The surgeon must weigh these factors when

making surgical decisions.

Our data on primary revision (five hips) represent too

few patients to be of significance, and the actual results of

primary revison can best be evaluated by reviewing several

other publications4’’6’72028. Buchholz et al. reported a 77

per cent success rate in 583 patients and Carlsson et al.

reported a 78 per cent success rate in seventy-seven patients.

Our data were insufficient to substantiate the recommen-

dation that there be a delay after excisional arthroplasty,

during which time the patient is treated with antibiotics and

traction, and that the prosthesis then be reinserted unless

there is reasonable evidence that the infection has not been

13.25�

Conclusions

There was a significant increase in the rate of infection

in patients who had undergone other operations on the hip

before the total arthroplasty. Also, infection will eventually

develop in many patients with postoperative wound com-

plications or an unusual elevation of temperature after total

hip replacement. Such patients must be treated early and

with extreme caution. Measures should be instituted to di-

agnose the possible presence of a deep infection, even when

it is not apparent. A significant number of delayed infections

will develop through hematogenous spread from distant sep-

tic foci, and efforts to identify and treat such foci also should

be instituted early and adequately in an attempt to prevent

spread of the infection to the hip. Once infection develops

in the hip, treatment with antibiotics alone or with antibiotics

and surgical drainage will be successful in only a small

percentage of patients. These measures should, therefore,

be used for only short periods. Ingress and egress tubes

should be avoided because they often result in secondary

infection. Prompt removal of the prosthetic components and

all ofthe cement, combined with appropriate antibiotic treat-

ment, will eradicate the infection in most patients. In ad-

dition, it is advisable to perform a true Girdlestone arthro-

plasty and to follow the prescribed postoperative regimen

carefully. This procedure will improve the functional results

considerably, and will often eliminate the need for a later

operation, although if another total hip replacement is even-

tually needed it may be more difficult to insert.
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