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Abstract

Background While the primary objective of joint arthro-

plasty is to improve patient quality of life, pain, and

function, younger active patients often demand a return to

higher function that includes sporting activity. Knowledge

of rates and predictors of return to sports will help inform

expectations in patients anticipating return to sports after

joint arthroplasty.

Questions/purposes We measured the rate of sports par-

ticipation at 1 year using the UCLA activity score and

explored 11 variables, including choice of procedure/

prosthesis, that might predict return to a high level of

sporting activity, when controlling for potential con-

founding variables.

Methods We retrospectively evaluated 736 patients who

underwent primary metal-on-polyethylene THA, metal-on-

metal THA, hip resurfacing arthroplasty, revision THA,

primary TKA, unicompartmental knee arthroplasty, and

revision TKA between May 2005 and June 2007. We

obtained UCLA activity scores on all patients; we defined

high activity as a UCLA score of 7 or more. We evaluated

patient demographics (age, sex, BMI, comorbidity), quality

of life (WOMAC score, Oxford Hip Score, SF-12 score),

and surgeon- and procedural/implant-specific variables to

identify factors associated with postoperative activity score.

Minimum followup was 11 months (mean, 12.1 months;

range, 11–13 months).

Results Preoperative UCLA activity score, age, male sex,

and BMI predicted high activity scores. The type of

operation and implant characteristics did not predict return

to high activity sports.

Conclusions Our data suggest patient-specific factors

predict postoperative activity rather than factors specific to

type of surgery, implant, or surgeon factors.

Level of Evidence Level II, prognostic study. See the

Guidelines for Authors for a complete description of levels

of evidence.

Introduction

Major joint arthroplasty is undoubtedly one of the surgical

success stories of the last 100 years. Incremental improve-

ments in implant design, engineering, and material science

continue to promise reduced bearing surface wear, improved

implant fixation, and increased component longevity. These
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improvements have enabled expansion of the indications for

joint arthroplasty to include the younger, more active patient.

While the primary objectives of joint arthroplasty are to

reduce pain and improve patient quality of life and function,

younger patients often demand a return to higher function

that includes sporting activity. In one recent study, 62% of

preoperative sporting participants returned to sporting

activity at 1 to 3 years after large joint arthroplasty [45]

(Table 1) and several other papers have explored participa-

tion in sports after primary THA, hip resurfacing arthroplasty

(HRA), TKA, and fixed-bearing unicompartmental knee

arthroplasty (UKA) [9, 13, 23, 25, 29, 30, 32]. These reports

do not, however, examine the association of implant char-

acteristics on patient activity while controlling for important

differences in patient characteristics, preoperative disability

and activity, comorbidity, or other important differences.

HRA has recently been advocated as a technique to allow

young patients to maintain high activity levels that could

not be obtained with conventional THA [7, 32]. The metal-

on-metal (MOM) cobalt-chromium bearing surface, rein-

troduced in the early 1990s, has a surface roughness of less

than 0.05 lm Ra (roughness average) and a highly con-

forming polar bearing geometry that maximizes the

potential for fluid film lubrication [2, 10, 11, 33, 36, 40].

In vitro wear tests and clinical retrieval studies reveal 10 to

100 times less wear when compared to conventional metal-

on-polyethylene (MOP) surfaces [2, 10, 11, 26, 28, 33, 36,

40], tribologic properties that potentially allow a safe return

to high-level sports for patients undergoing MOM HRA and

THA. Implant survival rates for both MOM HRA [1, 4, 17,

41, 42] and MOM THA [19–22, 24, 26, 27, 39, 43]

reportedly range from 94.1% to 99.8% in the medium term.

When looking specifically at participation in sports, 110 of

112 HRA patients participated in an average of 4.6 sporting

disciplines at a mean of 23.5 months postsurgery, compared

with 105 patients performing an average of 4.8 disciplines

preoperatively [32]. Similarly, less invasive UKA has seen

more than 90% of patients maintaining or improving their

ability to participate in sport or recreational activities at a

mean of 18 months [23, 30].

Many studies looking at participation in sports have

relied on retrospective patient recall after joint arthroplasty

and have been unable to utilize a validated activity score

[9, 13, 23, 25, 29, 30, 32, 45]. The UCLA Activity Rating

Scale provides qualitative assessment of patients’ level of

activity after THA [3, 6] and has been validated for routine

activity assessment in a clinical setting [46]. While this

score does not account for time spent doing an activity,

when compared to the Tegner score and the Activity Rating

Scale, it shows the best reliability, provides the highest

completion rate, and shows no floor effects [31]. A score of

7 or more defines a return to intense activity [7]. A median

UCLA score of 6, indicating a moderate activity level, has

been reported at 3 years in 467 patients with THA and

TKA [5]. The same mean UCLA score of 6 was observed

in 41 THAs at 8 years [38]. A mean score of 7.1 was seen

Table 1. Comparison of our study and other studies in the literature evaluating sports participation after knee and hip arthroplasty

Study Year Number

of patients

Outcome times UCLA Activity

Rating Scale used

Joint and procedure

studied

Primary or

revision

Amstutz et al. [1] 2004 400 3.5 years* Yes Hip (HRA) Primary

Bauman et al. [5] 2007 467 37–41 months* Yes Hip (THA);

knee (TKA)

Primary

Beaulé et al. [7] 2004 119 3 years* Yes Hip (HRA) Primary

Bradbury et al. [9] 1998 160 5 years* No Knee (TKA) Primary

Chatterji et al. [13] 2004 216 1–2 years No Hip (THA) Primary

Dahm et al. [16] 2008 1630 5.7 years* Yes Knee (TKA) Primary

Fisher et al. [23] 2006 76 18 months* Yes Knee (UKA) Primary

Huch et al. [25] 2005 636 5 years No Hip (THA);

knee (TKA)

Primary

Mont et al. [29] 2008 33 4 years* No Knee (TKA) Primary

Naal et al. [30] 2007 83 18 months* No Knee (UKA) Primary

Naal et al. [32] 2007 112 2 years* No Hip (HRA) Primary

Sechriest et al. [38] 2007 34 6.3 years* Yes Hip (THA) Primary

Wylde et al. [45] 2008 2085 1–3 years No Hip (THA, HRA);

knee (TKA, UKA,

patellar resurfacing)

Primary

Williams et al. 2012 736 1 year* Yes Hip (THA, HRA);

knee (TKA, UKA)

Primary and

revision

* Mean; HRA = hip resurfacing arthroplasty; UKA = unicompartmental knee arthroplasty.
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at 5.7 years in 1630 TKAs, with patients older than

70 years having lower scores and men achieving higher

scores [16]. Fifty-four percent of 400 HRAs scored more

than 7 at 3.5 years [1]. These limited reports, however,

require confirmation.

We therefore (1) measured the rate of sports participa-

tion at 1 year using the UCLA activity score and

(2) explored variables, including choice of procedure/

prosthesis, that might independently predict a return to a

high level of sporting activity.

Patients and Methods

A search of our longitudinal research database identified

1326 patients who had primary MOP THA, MOM THA,

HRA, revision THA, primary TKA, UKA, and revision

TKA between May 2005 and June 2007 and had a preop-

erative UCLA score. During this time, a total of

2873 patients had hip or knee arthroplasty: 1916 patients had

hip arthroplasty while 957 had knee arthroplasty. Patients

were considered eligible if they had any of these procedures

and had both a preoperative and 1-year postoperative UCLA

score in our longitudinal research database. Of the

2873 patients who were treated during this time, 1326 (46%)

patients were seen in the clinic and had a preoperative

UCLA score. Of these 1326 patients, 736 (56%) had

completed both preoperative and 1-year followup ques-

tionnaires, which were retrieved from our longitudinal

research database. There were 360 men and 376 women with

a mean age of 64.5 years (range, 25–93 years) (Table 2).

Patients undergoing multiple joint arthroplasties were

included only once and the first joint to be replaced was

assessed. If simultaneous arthroplasties were performed, the

side included was chosen at random. Minimum followup

was 11 months (mean, 12.1 months; range, 11–13 months).

The nonresponders were evaluated preoperatively for

demographics and quality of life (including UCLA activity

level) and postoperatively for type of procedure and artic-

ulation (MOP or MOM). Confidence intervals (CI) will be

wider as a result of any missing data. Therefore, finding

statistical significance in instances with missing data is

actually a stronger result. (This assumes data are missing at

random and not related to the variables of interest.) No

patients were recalled specifically for this study; all data

were obtained from medical records and radiographs. All

1326 patients consented to participate in the study. Institu-

tional Review Board approval had been obtained.

Procedures were performed by four participating sur-

geons (BAM, NVG, CPD, DSG) at our institution. Surgical

details and comorbidities were recorded prospectively. The

Charnley classification [12] was used for the assessment of

comorbidity: Class A patients have an ipsilateral joint

arthroplasty; Class B1 have an ipsilateral joint arthroplasty

with degenerative change in the contralateral hip; Class B2

have both hips replaced; and Class C have multiple-

joint disease or other disabilities leading to difficulties in

walking (Table 2).

Patients completed a WOMAC [8], an Oxford Hip Score

(OHS) [18], an SF-12 [44], and a UCLA activity question-

naire [3, 6] at the time of admission and at 1-year followup.

The WOMAC is a self-administered multidimensional index

containing five dimensions for pain, two for stiffness, and 17

for function. Each item is represented by a Likert scale

between 0 (best health state) and 4 (worst state). Each total

raw score was normalized into a 0 to 100 scale, with 0 being

Table 2. Patient characteristics (n = 736)

Characteristic Primary (n = 425) Revision

THA

Overall:

hip

Primary (n = 211) Revision

TKA

Overall:

knee
MOP THA MOM THA MOM HRA TKA UKA

Number of patients 284 59 82 62 487 194 17 38 249

Age at surgery (years)

Mean 65.7 58.4 54.2 67.3 63.0 67.1 63.4 71.2 67.5

SD 12.2 8.8 7.4 12.2 12.1 10.1 8.4 8.6 9.9

Range 25–92 31–76 42–74 31–89 25–92 45–93 46–75 51–86 45–93

Male:female

(number of patients)

123:161 42:17 68:14 33:29 266:221 66:128 6:11 22:16 94:155

BMI (kg/m2) 27.9 27.4 27.8 28.1 27.8 31.2 29.0 32.0 31.2

Charnley class (number of patients)

A 89 27 40 24 180 43 6 14 63

B1 36 11 21 3 71 43 4 1 48

B2 32 1 7 10 50 25 3 4 32

C 127 20 14 25 186 83 4 19 106

MOP = metal-on-polyethylene; MOM = metal-on-metal; HRA = hip resurfacing arthroplasty; UKA = unicompartmental knee arthroplasty.
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the worst quality of life and 100 the best [8]. The OHS is a

12-item patient-based questionnaire developed and vali-

dated specifically to assess function and pain after THA [18]

and was again normalized to a total best score out of 100. The

SF-12 mental component score is a subscale of the SF-36 and

is calculated on a 0- to 100-point, worst to best, scale [44].

The UCLA Activity Rating Scale has 10 descriptive activity

levels, ranging from wholly inactive and dependent on others

(Level 1), to moderate activities such as unlimited house-

work and shopping (Level 6), to regular participation in

cycling (Level 7) and participation in impact sports such as

jogging or tennis (Level 10) [3].

An ordinal regression model was used to assess pre-

dictors of activity level [37]. The dependent variable was

UCLA activity. This model calculated a single odds ratio

(OR) and 95% CI for each covariate, independent of the

rank of the response category. The assumptions of pro-

portionality across thresholds were tested [14]. Summary

proportional ORs and CIs were then calculated for selected

independent variables, which included various demo-

graphic and surgical parameters. The covariates tested in

all analyses included patient characteristics, such as age,

sex, BMI, and Charnley [12] comorbidity class (A, B1, B2,

C); preoperative quality-of-life scores, such as preoperative

WOMAC function score (continuous), WOMAC pain

score (continuous), OHS (continuous), and SF-12 mental

component score (continuous); the surgeon (one of four

participating fellowship-trained surgeons [BAM, NVG,

DSG who perform both hip and knee arthroplasty and CPD

who performs only hip arthroplasty]); the type of operation

(primary MOP THA, MOM THA, HRA, revision THA,

primary TKA, UKA, revision TKA); and the bearing sur-

face diameter. We did not include the use of cement

(cementless versus cemented implants) as a covariate since

previous studies have shown this factor does not affect

quality of life [15, 34, 35]. A separate similar analysis was

run excluding all knee arthroplasties. The difference

between preoperative and followup scores was used to

demonstrate improvements in WOMAC function and pain,

OHS, and SF-12 mental component scores. This analysis

utilized a t-test. In the proportional odds model for each

covariate, outputs included an estimate of the regression

coefficient, its standard error, Wald chi-square statistic,

p value, and the corresponding OR and CI. We performed

the statistical analysis using the SAS1 Version 9.1 soft-

ware package (SAS Institute, Inc, Cary, NC, USA).

Results

Ninety-one (12.3%) patients achieved a UCLA score of 7 or

more at baseline increasing to 274 (37.2%) patients at 1-year

followup (Table 3). The distributions of preoperative

UCLA activity scores increased for hip and knee

arthroplasty at 1 year (Fig. 1). We observed an improve-

ment (p \ 0.001) in all patients’ 1-year quality-of-life scores

from the preoperative scores, as evidenced by the 95% CIs

for these improvements, for all types of hip and knee

arthroplasty (Table 4).

The preoperative UCLA activity score, younger patient

age, male sex, and BMI independently predicted a postoper-

ative UCLA activity score of 7 or more for all operation types

(Table 5). Additionally, a better preoperative WOMAC pain

score was also a factor for predicting a UCLA score of 7 or

more when considering hip arthroplasty alone (Table 6).

Thus, with each unit increase in preoperative UCLA score, the

OR for achieving a 1-year UCLA score of 7 or more was 1.64

(95% CI, 1.47–1.83). The other covariates, mainly Charnley

class, preoperative WOMAC function score, OHS, SF-12

mental component score, the operating surgeon, and inter-

estingly the type of operation and the bearing surface

diameter, did not predict a 1-year UCLA score of 7 or more.

Table 3. Percentage of patients with a UCLA activity score of 7 or

more

Time of assessment % of patients

Overall: hip Overall: knee

Preoperative 16.6 8.0

Postoperative 43.3 24.9

Fig. 1A–B Graphs show the preoperative and 1-year UCLA scores

for all patients with (A) hip and (B) knee arthroplasties. Preop =

preoperative.
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When assessing for possible selection bias, we noted

responders had higher (better) health-related quality-of-life

scores (including UCLA activity level) preoperatively than

nonresponders. Type of surgical procedure did not differ

between patients who were followed versus those who

were not followed. In hips only, revisions, women, and

those with MOP articulations (compared to MOM) were

less likely to be followed. However, since surgical proce-

dure itself did not differ between those followed or not

followed, the effects of loss to followup on comparisons

between procedures would at least be partly mitigated.

Discussion

While the primary objective of joint arthroplasty is to

improve patient quality of life, pain, and function, younger

active patients often demand a return to higher function

that includes sporting activity. This study (1) measured the

rate of sports participation at 1 year and (2) explored 11

variables that might predict a return to a high level of

sporting activity, including whether procedure/prosthesis is

an independent predictor.

We acknowledge limitations to our study. First, only

46% of patients undergoing lower limb arthroplasty during

the study period had a preoperative score and only 56% of

these patients returned a 1-year score. It is, therefore, pos-

sible that patients who returned the 1-year questionnaire

could be more active and/or motivated than the nonre-

sponders. The study does however measure UCLA activity,

a score that is validated for use in a clinical setting [46],

with 7 or more defining a return to intense activity [7], in a

large cohort of patients undergoing primary MOP THA,

MOM THA, HRA, revision THA, primary TKA, UKA, and

revision TKA. We therefore believe our conclusions can be

used to confirm or refute the findings of previous studies.

In this study, 91 (12.3%) patients achieved a UCLA

score of 7 or more at preoperative baseline increasing to

274 (37.2%) patients at 1-year followup. Wylde et al. [45]

analyzed the responses of a cross-sectional postal survey to

describe the effect of a range of hip and knee arthroplasty

procedures on sports participation. While type of sport was

recorded in Wylde et al. [45], a validated activity score was

not used to grade participation and therefore comparison

with our study must be interpreted carefully. In the 3 years

before THA, HRA, TKA, UKA, or patellar resurfacing,

726 of 2085 (35%) patients were participating in sports

[45]. A total of 446 (21% of the total group and 61% of

preoperative participants) returned to their sporting activ-

ities by 1 to 3 years postoperatively; 192 participants

(26%) were unable to do so after lower limb arthroplasty

[45]. The largest declines in participation were seen in

high-impact sports, including badminton, tennis, and

dancing [45]. Patient participation in sports after primary

Table 4. Quality-of-life scores preoperatively and at 1-year followup

Scoring system Overall: hip Overall: knee

WOMAC function score (points)

Preoperative 49.2 (20; 0–99) 50.5 (19; 9–97)

One year 88.0 (14; 5–100) 81.5 (17; 11.8–100)

Difference 37–41 26–32

WOMAC pain score (points)

Preoperative 49.7 (19; 0–100) 47.9 (20; 0–100)

One year 90.0 (15; 0–100) 83.7 (18; 15–100)

Difference 38–43 33–38

Oxford Hip Score (points)

Preoperative 45.1 (18; 6–100) 43.0 (18; 4–98)

One year 86.5 (16; 14–100) 78.9 (18; 17–100)

Difference 39–44 34–39

SF-12 mental component score (points)

Preoperative 46.8 (12; 18–69) 47.2 (12; 21–69)

One year 54.9 (8; 16–68) 53.1 (10; 17–68)

Difference 7–10 4–8

UCLA activity score

Preoperative 4.5 (2.1; 1–10) 4.1 (1.7; 1–10)

One year 6.3 (2.0; 2–10) 5.6 (1.7; 1–10)

Difference 1.5–2.0 1.3–1.7

Values are expressed as mean, with SD and range in parentheses;

differences between preoperative and 1-year scores are expressed as

95% CIs.

Table 5. Overall predictors of UCLA activity score of 7 or more

Predictor Odds

ratio

95% CI p value

(chi-square

test)

Preoperative

UCLA score

1.64 1.47–1.83 \ 0.001

Age 0.95 0.93–0.97 \ 0.001

Sex 4.25 2.86–6.31 \ 0.001

BMI 0.91 0.87–0.95 \ 0.001

Table 6. Hip arthroplasty predictors of UCLA activity score of 7 or

more

Predictor Odds

ratio

95% CI p value

(chi-square

test)

Preoperative

UCLA score

1.61 1.40–1.86 \ 0.001

Age 0.96 0.94–0.98 \ 0.001

Sex 4.84 2.93–7.99 \ 0.001

BMI 0.93 0.88–0.97 \ 0.001

Preoperative

WOMAC pain

score

1.02 1.001–1.029 0.029
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THA [13, 25], HRA [32], TKA [9, 25, 29], and UKA [23,

30] has been described (Table 1). The proportion of 636

patients performing sporting activities increased from 36%

preoperatively to 52% at 5 years after THA, but partici-

pation declined from 42% to 34% at 5 years after TKA

[25]. In a study of 235 THAs in 216 patients, the total

number of patients performing a sport also increased at 1 to

2 years postoperatively, but the total amount of sports

played decreased [13]. One hundred ten of 112 patients

with HRA participated in an average of 4.6 sporting dis-

ciplines at a mean of 23.5 months after surgery, compared

with 105 patients preoperatively performing an average of

4.8 disciplines [32]. Thirty-two of 33 patients with TKA

partaking in high-impact sports enjoyed an excellent

activity level at a minimum of 4 years [29]. Forty-three of

56 (77%) patients with TKA who had participated in reg-

ular exercise in the year before surgery had returned to

sports at a mean of 5 years [9]. UKA has seen more than

90% of patients maintaining or improving their ability to

participate in sports or recreational activities at a mean of

18 months [23, 30]. Comparison of our study with these

papers must be interpreted carefully, since most did not use

the validated UCLA activity score to grade participation

(Table 1). In studies that do utilize the validated UCLA

activity score, a median UCLA score of 6 was reported at

3 years in 467 patients with 47% of patients with THA and

53% of patients with TKA achieving a score of 7 or more

[5]. The same mean UCLA score of 6 was observed in 41

THAs at 8 years [38]. A mean score of 7.1 was seen at

5.7 years in 1630 TKAs [16], and 54% of 400 HRAs

scored more than 7 at 3.5 years [1]. These papers [1, 16,

38] do not however report the distribution of UCLA scores

of 7 or more that defines a return to intense activity [7].

We found age, male sex, BMI, and the preoperative

UCLA activity level independently predicted a 1-year

postoperative UCLA score of 7 or more. In addition, a

better preoperative WOMAC pain score predicted a UCLA

score in the 7 to 10 range when considering hip

arthroplasty alone. Others have found higher scores at

followup in young male patients [16]. Wylde et al. [45]

also found men were 1.8 times more likely than women to

return to sports but did not find age predicted return.

Charnley class, preoperative WOMAC function and pain

score, preoperative OHS, preoperative SF-12 mental

component score, operating surgeon, and bearing surface

diameter did not predict a 1-year UCLA score of 7 or more.

Type of operation also did not predict a 1-year UCLA score

of 7 or more; primary hip arthroplasty (all categories)

showed no advantage over revision THA, and the large

MOM bearing surface, whether HRA or THA, showed no

advantage over MOP. The same was true when comparing

primary with revision TKA and UKA with TKA, although

numbers in the UKA group were small. Our findings

therefore support those reported by Wylde et al. [45], who

found no difference in return to sports according to type of

operation undertaken.

Of 11 preoperative variables, we found four (age, male

sex, BMI, and preoperative activity level) predicted a

1-year UCLA activity score of 7 or more, equivalent to a

return to cycling. Our observations suggest patient-specific

factors predict postoperative activity rather than factors

specific to type of surgery, implant, or surgeon. Expecta-

tions regarding the ability of new bearing surface

technologies to enable a return to sports should be tem-

pered. The ability of different implants to maintain activity

level beyond 1 year into the medium and long term how-

ever requires further study. These data may be useful in

further informing the surgeon-patient discussion as to

expectations regarding return to sporting activities after hip

and knee arthroplasty.
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