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Using the General Practice Research Database, we examined the temporal changes in the 

rates of primary total hip (THR) and total knee (TKR) replacement, the age at operation and 

the female-to-male ratio between 1991 and 2006 in the United Kingdom.

We identified 27 113 patients with THR and 23 843 with TKR. The rate of performance of 

THR and TKR had increased significantly (p < 0.0001 for both) during the 16-year period and 

was greater for TKR, especially in the last five years. The mean age at operation was greater 

for women than for men and had remained stable throughout the period of study. The 

female-to-male ratio was higher for THR and TKR and had remained stable.

The data support the notion that the rate of joint replacement is increasing in the United 

Kingdom with the rate of TKR rising at the highest rate. The perception that the mean age 

for TKR has decreased over time is not supported.

The increasing size of the elderly population will

raise the demand on healthcare systems.1 In

order to monitor the increase and any subse-

quent attempt to manage the rising demand,

accurate and up-to-date information is

essential. While some estimates can be

made, the impact of specific diseases

requires more detailed attention since no

useful general model can be applied. One

such specific area in musculoskeletal medi-

cine is the treatment of osteoarthritis (OA)

by joint replacement.

OA of the hip and knee has a high preva-

lence in the population aged over 60 years2-5

and replacement surgery in both joints is con-

sidered to be successful and cost-effective for

end-stage disease. Changing indications for

joint replacement surgery, along with the

increasing prevalence of OA, particularly in

younger patients,6,7 has meant that, histori-

cally, demand has usually outstripped supply.

Recent waiting-list initiatives and other efforts

to increase provision have partly reduced the

immediate threat of unacceptably long waits

for joint replacement. However, there is evi-

dence from projection studies from the United

States that the demand for total knee replace-

ment (TKR) will double by 2015 and grow by

673% to nearly 3.5 million per annum by

2030.8 For the hip, the demand is expected to

grow by 174% to 572 000 joints per annum. It

is notable that the requirement for TKR is set

to be greater than for hips.

Data from the United States, although help-

ful, are not directly applicable to the United

Kingdom and have other limitations. They are

often incongruent with epidemiological find-

ings from the United Kingdom. Many studies

from the Western world have used data which

terminated in the year 2000. There are few

data from our National Health Service (NHS)

with a corresponding lack of reports on tempo-

ral trends of total hip replacement (THR) and

TKR, except for the study by Dixon et al.9

With limited funding for health-care, it is

essential to track patterns of disease in order

to target resources and validate common per-

ceptions about changes in practice. One is

that since OA of the knees is considered to be

more prevalent and is diagnosed more readily,

TKR is being performed at an increasingly

younger age. The study by Kim1 substantiates

this trend, as does the 2008 Annual Report

from the Swedish Knee Arthroplasty Regis-

ter.10 If this trend is shown to be universal,

new treatment algorithms will be required to

manage the local provision of replacement.

The ratios of incidence by gender are unclear.

It has been suggested that women have more

THRs than men and vice versa for TKR.11,12

It is necessary to clarify this, along with the

most likely age at which different subgroups

undergo replacement.

With this background, our aim was to

describe the rates, age at operation and gen-

der ratios of THR and TKR in the United
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Kingdom and to answer questions on current issues,

including the reported trend for surgeons to operate on

younger patients.

Patients and Methods

We obtained data from the General Practice Research Data-

base. This comprises the entire computerised medical records

of a sample of patients attending general practitioners in the

United Kingdom. It covers a population of 6.5 million

patients from 433 contributing practices, chosen as being

representative of the wider population in the United King-

dom. General Practitioners have a key role in providing pri-

mary care and referral to specialist services. Patients are

registered with one practice which stores medical informa-

tion from primary care and hospital attendances.

The database is administered by the Medicines and

Healthcare Products Regulatory Agency. Its records con-

tain all clinical and referral events in primary and second-

ary care along with comprehensive details of prescription

data, clinical events, specialist referrals, hospital admissions

and their major outcomes. The data are stored using Oxford

Medical Information Systems (OXMIS) and Read codes for

diseases which are cross-referenced to the International Clas-

sification of Diseases (ICD-9).13 OXMIS and Read coding

systems are commonly used in general practice for the clas-

sification of all diseases. Only those practices which pass

quality control are used in the General Practice Research

Database. Deleting or encoding personal and clinic identi-

fiers ensure confidentiality.

We identified all the patients in the database with a med-

ical diagnosis code for THR or TKR between 1991 and the

end of 2006. Read/OXMIS codes were used to identify pri-

mary THRs and TKRs. Patients were included if aged

18 years or over at operation. Those with a code for private

practice were excluded as this variable has not been vali-

dated within the General Practice Research Database,

therefore we could not be certain of its accuracy.

Statistical analysis. Age-gender standardised replacement

rates for calendar years were calculated using ten-year age

groups with the mid-year population estimates for 2003 as the

reference standard. These estimates were published by the

Office for National Statistics,14 the General Register Office for

Scotland and the Northern Ireland Statistics and Research

Agency. We computed the 95% confidence interval (CI) using

a Poisson model appropriate for directly standardised rates.

The mean age at total replacement was calculated for the

hip and knee for each calendar year and 95% CIs com-

puted. The age distribution at operation was calculated by

gender for three consecutive five-year periods for the hip

and knee, to investigate patterns over time.

Results

We identified 27 113 primary THRs and 23 843 primary

TKRs between 1991 and 2006 (Table I). Women were 67%

more likely to undergo THR and 45% more likely to

undergo TKR than men. They were on average almost three

years older than men at THR, but this difference was

halved for TKR. The female-to-male ratio (Fig. 1) for the

estimated incidence rates has remained fairly stable from

1995 onwards, varying between 1.46:1 and 1.63:1 for hips

Table I. Details of general practice research database patients undergoing primary total hip or total knee replacement between 1991
and 2006

Hip Knee

Women Men Women Men

Mean age in years at replacement (range) 70.4  (18 to 103) 67.5  (19 to 100) 70.9  (18 to 99) 69.4  (19 to 98)

Number (%) 16 969 (62.6) 10 144 (37.4) 14 121 (59.2)   9 722 (40.8)

Median (interquartile range) body mass index in kg/m2 
(most recent)

26.3  (23.3 to 30.1) 27.1  (24.6 to 30.0) 28.5  (25.2 to 32.5) 27.9  (25.4 to 31.0)

Number 14 281   8 658 12 261   8 488

Smokers (%) 11.4 14.4 8.1 12.3

Number 16 033   9 616 13 481   9 344
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Fig. 1

Graph showing the gender ratio for the number of replacements
against the year of procedure.
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and between 1.18:1 and 1.42:1 for knees. The body mass

index of patients undergoing TKR was significantly greater

than that for those with THR (p < 0.0001) and this differ-

ence was greater for women than for men (Table I).

Hip replacement. Between 1991 and 2006, the estimated

age-standardised rates for primary THR (100 000 person

years) increased from 60.3 (95% CI 53.7 to 67.0) to 144.6

(95% CI 138.1 to 151.1) for women and from 35.8 (95% CI

30.4 to 41.3) to 88.6 (95% CI 83.4 to 93.7) for men. The rise

in rates for hips was steady between 1993 and 2005 (Fig. 2a).

When the 2006 rates for THR were applied to the mid-2006

population estimates for the United Kingdom, we obtained

an estimated total number of primary THRs (excluding pri-

vate practice) of 35 437 (95% CI 33 847 to 37 028) for

women and 20 346 (95% CI 19 165 to 21 527) for men.

Total knee replacement. During the period of study, the esti-

mated age-standardised primary TKR rates increased from

42.5 (95% CI 37.0 to 48.0) to 138.7 (95% CI 132.3 to 145.0)

for women and from 28.7 (95% CI 23.9 to 33.6) to

99.4 (95% CI 93.9 to 104.8) for men. The temporal trend in

rates for knees has not been as steady as that for hips, with a

marked plateau from the mid-1990s, followed by a sharp rise

from 2000. The estimated rates for women doubled

between 2000 and 2006 (Fig. 2b). When the 2006 rates for

TKR were applied to the mid-2006 population estimates

for the United Kingdom, we obtained an estimated total

number of primary TKRs (excluding private practice) of

33 972 (95% CI 32 413 to 35 531) for women and 22

825 (95% CI 21 575 to 24 075) for men.

Age at operation. In 2006, the mean age at operation for

THR was 70.3 years (95% CI 69.8 to 70.8) for women and

67.6 years (95% CI 66.9 to 68.2) for men. For TKR it was

70.1 years (95% CI 69.6 to 70.5) for women and 69.2 years

(95% CI 68.6 to 69.7) for men. The highest rates of THR and
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Fig. 2b

Bar charts showing the trends in replacement rates with the 95% confidence interval for 1991 to 2006 for a) total hip replacement and b) total knee
replacement.

Fig. 2a

Table II. Number and rate (per 100 000 person years) of primary procedures for total hip and total
knee replacement in the general practice research database, by age group and gender, 2006

Hip Knee

Women Men Women Men

Age group (yrs) Number Rate Number Rate Number Rate Number Rate

18 to 19       0     0.0       0     0.0      0     0.0      0    0.0

20 to 29       3     1.5       2     1.0      2     1.0      3    1.6

30 to 39     11     4.8     23     9.8      4     1.8      2    0.9

40 to 49     45   19.0     48   19.5     37   15.7     33   13.4

50 to 59   226 110.9   181   87.3   233 114.3   159   76.7

60 to 69   566 230.1   368 226.0   551 331.1   452 277.6

70 to 79   679 541.8   351 334.9   696 555.3   445 424.6

80 to 89   352 441.4   156 330.8   293 367.4   182 385.9

90 to 99    29 152.7    13 203.9     11   57.9      7 109.8

Total 1911 1142 1827 1283
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TKR were for women aged between 70 to 79 years (Table II).

The mean rate for hips in this age group was 541.8 (95% CI

501.0 to 582.5) and 555.3 (95% CI 514.1 to 596.6) for

knees. The number of replacements for those aged between

60 and 79 years comprised almost two-thirds of the total

for hips (64.3%) and a similar proportion for knees

(66.2%), with little gender difference in both cases.

The mean age at THR was significantly greater in

women than in men for all years after 1991 (Fig. 3a). For

TKR (Fig. 3b) the gender difference for the mean age at pri-

mary replacement was much narrower than that for hips, to

the extent that it was not significantly greater in the last

two years of the study. Although the mean age at TKR and

THR in men appeared to have increased with time these

changes did not reach statistical significance.

In order to explore the possibility that there had been a

change in the distribution of the age of patients undergoing

joint replacement surgery, we examined the distribution of

age in five-year age bands over three periods: 1991 to 1995,

1996 to 2000 and 2001 to 2005. The distribution of age

across these time periods remained stable for both opera-

tions and genders.

The ratio of the incidence of TKR or THR was greater in

men than in women (Fig. 4). It fell initially in both genders

between 1994 and 2000, but has since been increasing in

both to the extent that it is 1.1:1 for men and approaching

parity for women.

Discussion

We have shown that the rate of primary THR has more than

doubled and that for TKR more than trebled during the

period of study. We have also demonstrated that the mean

age at THR and TKR was similar and has remained stable

during this period. The female-to-male ratio for replacement

was greatest for THR and has also remained stable.

In order to validate the rates obtained from the General

Practice Research Database, we calculated the number of

primary total THRs (finished consultant episodes) from

the Hospital Episode Statistics for 2005 to 2006.15 This

contains data only for England and we therefore used

mid-2006 population estimates to gross up to compara-

ble figures for the United Kingdom. This method pro-

duced very similar estimates of 34 905 THRs for women

and 21 008 for men and of 37 548 TKRs for women and

26 485 for men. This suggests that our data are as reliable

as an estimate of joint replacement rates as the hospital

episode statistics, but have the advantage of including
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Graphs showing the mean age at replacement with the 95% confidence interval for 1991 to 2006 for a) total hip replacement and b) total knee
replacement.

Fig. 3a

0

0.2

0.4

0.6

0.8

1

1.2

1.4

K
n

e
e

-t
o

-h
ip

 r
a

ti
o

1
9

9
1

1
9
9

2

1
9
9

3

1
9

9
4

1
9

9
5

1
9
9

6

1
9
9

7

1
9

9
8

1
9
9

9

2
0

0
0

2
0

0
1

2
0

0
2

2
0

0
3

2
0

0
5

2
0

0
6

Year of replacement

2
0

0
4

Female

Male

Fig. 4

Graphs showing the ratio of incidence rates for total knee replacement
versus total hip replacement for men and women between 1991 and 2006.



134 D. J. CULLIFORD, J. MASKELL, D. J. BEARD, D. W. MURRAY, A. J. PRICE, N. K. ARDEN

THE JOURNAL OF BONE AND JOINT SURGERY

Scotland, Wales and Northern Ireland. In order to validate

our estimates further, we accessed data from the National

Joint Registry,16 which covers England and Wales for NHS

and private replacement operations. Although exact com-

parisons between sources were difficult, we extracted the

number of hip and knee procedures at NHS hospitals and

treatment centres in the financial year 2006 to 2007 as

51 956 and 54 604 respectively, after grossing-up to com-

parable figures for the United Kingdom using mid-2006

population estimates. These figures for THR and TKR,

which included secondary procedures, were 6.9% and

3.9% less than the corresponding estimates from the Gen-

eral Practice Research Database. Given the various differ-

ences in the methods of data collection in these three

sources along with the sampling variation within the

General Practice Research Database, we are satisfied that

our estimates represented the incidence of primary THR

and TKR in the United Kingdom. It is accepted17,18 that

patients included in the General Practice Research Data-

base are broadly representative of the population of the

United Kingdom with respect to age, gender, socio-eco-

nomic class and region and further examples of this vali-

dation have been given by van Staa et al.19,20

We have shown that the increase in rates up to 20009 has

continued, but that it is more marked for TKR than THR.

The reasons are likely to be multifactorial. It may be that the

patterns reflect maturation in the development and accep-

tance for each type of implant. The older pedigree and surgi-

cal confidence with THR has been greater for longer.

Conversely, TKR has a more recent documentation of reli-

ability and has been the treatment of choice for a shorter

period of time in strong contrast to the hip. A further and pos-

sibly more important reason, is the community burden of OA

of the knee and hip. Radiological OA of the knee is approxi-

mately two to three times more prevalent than that of the hip

in the general population.21 The number of TKRs per year is

similar to that of THRs despite the much higher prevalence of

OA of the knee. It is possible that the level of provision of

THR is appropriate to the burden of OA of the hip whereas

that for TKR is still below that required by surgeons operat-

ing on patients with lower levels of pain and disability.

One area of interest is the age of patients undergoing

replacement and the perception that TKR is performed in

younger patients. For the hip and knee, men are likely to

undergo replacement earlier than women (Fig. 3). The rea-

son is unclear, but may reflect the mean life expectancy of

the genders.

The mean age for both operations remained stable

between 1991 and 2006. By contrast to anecdotal belief,

surgeons are not operating on younger patients with

increasing frequency. This finding is supported by the con-

sistent data on age distribution for primary TKR in the

periods 1990 to 1995, 1996 to 2000 and 2001 to 2005.

Our study also challenges the perception that surgeons now

perform TKR on increasingly younger patients, since the

mean age at TKR has not changed. The perception was

probably created falsely by the increase in the number of

young patients undergoing TKR as part of the general

increase in the overall number of TKRs.

The gender distribution of replacement is noteworthy.

THR and TKR in women have consistently outnumbered

those of men and the pattern has changed little over the

years. It is not clear whether this indicates that hip disease

is more predominant in women than in men or whether it

reflects a difference in the tolerance for surgical interven-

tion for gender, either by patient or clinician.

The strengths of our study are that the dataset includes

practices from the whole of the United Kingdom with a

follow-up of up to 20 years. The dataset has been validated

and audited and only the practices providing good quality

data are admitted. A limitation of the General Practice

Research Database is that it does not provide exact details

of the indication for any procedure. However, provisional

data suggest that the same trends are observed, as in the

National Joint Registry in which around 90% to 95% of all

THRs and TKRs are performed for OA.

Our study has shown that General Practice Research

Database can provide useful data to describe trends in

replacement practice in the United Kingdom. It confirms

that the rate of replacement is increasing, with TKR show-

ing the greater change. The perception that the mean age

for TKR has decreased is not supported.
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