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Background: Return to sports is an important outcome in ensuring patient satisfaction after knee-replacement surgery. However,
few studies have directly compared unicompartmental knee arthroplasty (UKA), total knee arthroplasty (TKA), and patellofemoral
arthroplasty (PFA).

Hypothesis: TKA will result in lower rates of return to sports than either UKA and PFA due to increased complexity and
invasiveness.

Study Design: Cohort study; Level of evidence, 3.

Methods: Patients who underwent UKA, TKA, or PFA with 1 to 2 years of follow-up were sent a questionnaire regarding return to
sports, satisfaction with return to sports, pain, the University of California, Los Angeles activity scale, and the High Activity
Arthroplasty Score (HAAS). The patients who underwent either TKA or UKA were matched 2:1 with regard to age and sex to
patients who underwent PFA. Differences were compared using analysis of variance, t tests, and chi-square tests.

Results: A total of 202 patients were eligible. After matching, the final cohort consisted of 23 PFA patients, 46 UKA patients, and 46
TKA patients. The majority of patients were female (87%), and the mean ± SD age was 56 ± 9.1 years. The UKA group had higher
HAAS values than the TKA group pre- and postoperatively (9.9 vs 7.1 [P ¼ .001] and 12.4 vs 9.5 [P < .001], respectively). Patients
with UKA had higher rates of return to sports after surgery than those with TKA or PFA (UKA, 80.5%; TKA, 71.7%; PFA, 69.5%; P¼
0.08). In addition, the UKA group had the highest satisfaction with this outcome. Improvement between pre- and postoperative
scores was similar in all 3 groups.

Conclusion: Patients who underwent UKA reported better activity scores and return-to-sports rates than patients who had TKA
and PFA. No differences were found in improvement after surgery, suggesting that preoperative differences were reflected
postoperatively. These findings inform shared decision making and can help to manage patient expectations after surgery.
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Total knee arthroplasty (TKA) is an effective method for
treating osteoarthritis and patellofemoral arthritis in cases
where more conservative options have failed.10,19,25,29 Uni-
compartmental knee arthroplasty (UKA) is less invasive and
offers better postoperative outcomes such as faster recovery
time, improved range of motion, greater pain relief, and ear-
lier return to sports than TKA.11,15,18,30 Patellofemoral
arthroplasty (PFA) is usually performed in younger female
patients, preserves the tibiofemoral articulation, and allows
for faster recovery than TKA.3,12,14,21,22 An increasingly
important outcome to patients is the ability to return to their
prior level of sports. With greater sports participation
extending to older ages, the ability to return to prior activity
levels after knee arthroplasty surgery is less well-

documented, and direct comparisons among the 3 surgeries
on this outcome are lacking. Because patient satisfaction is
usually dependent on the expectations patients have regard-
ing postoperative outcomes, it is important for surgeons to
provide detailed information about what a patient can
expect for a given surgery to ensure greater satisfaction.17,28

A number of studies have reported a high rate of return to
sports after all 3 surgeries. Overall return to sports was
higher after UKA than TKA and varied widely: from 36% to
89% after TKA and from 75% to 100% after UKA.1,4,6,13,27,31

In a meta-analysis, Witjes et al30 found that patients who
underwent TKA returned to low- to moderate-intensity activ-
ities, whereas patients who underwent UKA could return to
moderate- tohigh-intensity activities. A paucity of research is
available regarding return to sports after PFA. Shubin Stein
et al21 found that 72.2% of patients were able to return to
some level of activity, and >52% returned to the same level
or higher. Kamikovski et al,7 comparing patients who
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underwent TKA and PFA, found no difference in Tegner and
University of California, Los Angeles (UCLA) scores between
the 2 patient groups at 1 to 2 years of follow-up. No studies
have directly compared PFA against TKA or UKA on return-
to-sports outcomes in a comparable population.

The goals of this study were to compare return to
sports as well as preoperative and postoperative activity
levels at 1 to 2 years after UKA, TKA, and PFA. To
account for the differences in patient characteristics,
we matched patients on age and sex. We hypothesized
that although the overall return to sports would be high,
patients who underwent TKA would have a lower rate of
return than patients who underwent UKA and PFA due
to the invasiveness of TKA compared with UKA and PFA
and changes in proprioception.

METHODS

This study was approved by the institutional review board.

Patient Selection and Survey Design

A retrospective review of medical records was performed to
identify patients who underwent PFA, TKA, or UKA per-
formed by 2 of the study investigators (A.P. and S.S.).
Patients were included if they were older than 18 years of
age, had a minimum of 1-year and a maximum of 2-year
follow-up, and understood the English language. All
patients were given a standardized postoperative rehabili-
tation program and cleared for sporting activities.

Data Collection

A return-to-sports questionnaire was derived by the authors
based on prior studies on arthroplasty patients.5,9,20,27,29 The
survey consisted of questions regarding pre- and postopera-
tive activity levels, type of sports, and patient-reported out-
comes. Surveys regarding preoperative sporting activities
asked patients to recall sports levels within 5 years before
their procedures rather than immediately preoperatively.
Based on the categorizations described by Vail et al26 and
Kuster et al,9 individual sports were divided into 3 categories
by impact on the knee: low (ie, swimming, walking, bicy-
cling), medium (ie, downhill skiing, doubles tennis, hiking),
and high (ie, soccer, basketball, baseball). Patients who did
not indicate that they participated in sports preoperatively

were not included in the final analysis. Return to sports
satisfaction was graded using a 5-level Likert score. Subjec-
tive postoperative level of activity was scored as lower, sim-
ilar, or higher relative to the preoperative activity level.
Multiple patient-reported outcomes were collected: UCLA
activity score,25,27,30 High Activity Arthroplasty Score
(HAAS), and numeric rating scale (NRS) for pain.24 If a
patient underwent bilateral surgery, data from the most
recent surgery were used for the analysis.

Statistical Analysis

All statistical analyses were completed in RStudio. Patients
who underwent TKA and UKA were matched to patients
who underwent PFA on a 2:1 ratio based on age and sex.
Matching on age was performed with the following age
categories: �55, 56-60, 61-65, and >65 years. To compare
the 3 patient populations on descriptive data and return to
sports, chi-square tests and analysis of variance (ANOVA)
were performed for categorical and continuous data,
respectively. Pre- and postoperative UCLA, HAAS, NRS,
and number of sports for each impact level were compared
using a t test. Overall differences between the 3 surgeries
on each of the outcomes were tested using 1-way ANOVA. If
the ANOVA test produced a significant value P< .05, a post
hoc pairwise comparison was performed using a Tukey
multiple comparisons adjustment for continuous variables.
All tests were 2-tailed and conducted using a significance
level of P < .05.

RESULTS

Of the 367 patients who were sent the survey, 114 (31.1%)
did not complete the survey, and 51 (13.9%) indicated they
did not play a sport preoperatively. Among the 202 patients
included in the study, 23 (11.4%) underwent PFA, 39
(19.3%) TKA, and 140 (69.3%) UKA (Figure 1). Patients
in the TKA and UKA groups were matched 2:1 to the 23
PFA patients, resulting in 46 (19 unique) TKA patients and
46 (36 unique) UKA patients. Some TKA and UKA patients
were matched to >1 PFA patient, resulting in nonunique
matches. Descriptive data on the matched population and
other preoperative information can be found in Table 1. The
matched patient population was 87% female, the mean age
was 56 ± 9.1 years, and the mean body mass index was 28 ±
5.6 kg/m2. Among the UKA patients, 29 (63%) had a medial
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UKA and 17 (37%) had a lateral UKA. A total of 38 patients
(UKA 15, TKA 14, PFA 9; P¼ .767) had prior surgery on the
index knee. No differences were found in the UCLA score,
body mass index, and surgery side at baseline. Patients in

the UKA group were found to have higher preoperative
HAAS values than those in the TKA group (9.9 vs 7.1; P
¼ .001). Although the HAAS for the PFA group was 2 points
less than that for the UKA group, this difference did not

Figure 1. Flowchart for patient inclusion and matching. PFA, patellofemoral arthroplasty; TKA, total knee arthroplasty;
UKA, unicompartmental knee arthroplasty.

TABLE 1
Preoperative Characteristics for Total Sample and UKA, TKA, and PFA Groupsa

Characteristic Total UKA TKA PFA P Value

Number 115 46 46 23
Sex �.999

Male 15 (13.0) 6 (13.0) 6 (13.0) 3 (13.0)
Female 100 (87) 40 (87.0) 40 (87.0) 20 (87.0)

Surgery side
Right 72 (62.6) 25 (54.3) 30 (65.2) 17 (73.9) .255
Left 43 (37.4) 21 (45.7) 16 (34.8) 6 (26.1)

Medial or lateral
Medial — 29 (63.0) — — .105
Lateral — 17 (37.0) — —

Age category
�55 y 55 (47.8) 22 (47.8) 22 (47.8) 11 (47.8) �.999
56-60 y 25 (21.7) 10 (21.7) 10 (21.7) 5 (21.7)
61-65 y 15 (13.0) 6 (13.0) 6 (13.0) 3 (13.0)
>65 y 20 (17.5) 8 (17.5) 8 (17.5) 4 (17.4)

Prior surgery 38 (33.0) 15 (32.6) 14 (30.4) 9 (39.1) .767
Body mass index 27.9 ± 5.6 27.11 ± 4.8 28.1 ± 5.9 29.2 ± 6.3 .392
No. of impact sports

Low impact 2.89 ± 1.8 3.09 ± 2.1 3.26 ± 1.3 1.74 ± 1.5 .002
Medium impact 1.31 ± 1.1 1.52 ± 1.2 1.41 ± 1.0 0.69 ± 0.8 .007
High impact 0.58 ± 0.9 0.7 ± 1.1 0.48 ± 0.7 0.56 ± 0.9 .519

UCLA
Continuous score 5.45 ± 2.4 5.93 ± 2.5 5.26 ± 2.4 4.87 ± 2.1 .177
Score �7 38 (33.0) 15 (32.6) 18 (39.2) 5 (21.7) .350
Score <7 77 (67.0) 31 (67.4) 28 (61.8) 18 (78.3)

HAAS total 8.4 ± 3.8 9.91 ± 3.8 7.13 ± 3.4 7.9 ± 3.68 .001
NRS 65.3 ± 19.0 69.4 ± 17.1 60.1 ± 20.4 66.59 ± 18.6 .072

aValues are expressed as n (%) or mean ± SD. —, not applicable. HAAS, High Activity Arthroplasty Score; NRS, Numeric Rating Scale for
pain; PFA, patellofemoral arthroplasty; TKA, total knee arthroplasty; UCLA, University of California, Los Angeles activity score; UKA,
unicompartmental knee arthroplasty.
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reach statistical significance (7.9 vs 9.9; P ¼ .08). Patients
in the PFA group were less active preoperatively, having
played fewer low-impact (UKA 3.1 vs 1.7, P¼ .003; TKA 3.3
vs 1.7, P ¼ .008) and medium-impact (UKA 1.5 vs 0.7, P ¼
.008; TKA 1.4 vs 0.7, P ¼ .02) sports than TKA and UKA
groups.

Postoperative results are reported in Table 2. The
majority of patients returned to sports at the same or
higher level of impact after all 3 surgeries, with 35
patients (76.2%) returning after UKA, 25 (54.3%) after
TKA, and 13 (56.5%) after PFA. The proportion of
patients who self-reported returning to similar or higher
levels of performance was significantly higher after UKA
(80.5%) than TKA (71.7%) and PFA (69.5%) (P ¼ .008).
Return to levels of impact and performance are shown in
Figure 2. In general, patients in the PFA group played
fewer sports after surgery than those in the UKA or TKA
groups. However, this difference was significant for only
medium-impact sports (UKA 1.07, TKA 1.00, and PFA
0.48; P ¼ .04). Postoperative satisfaction with return to
sports was significantly higher in the UKA group (86.9%
satisfied) than in the PFA (65.2% satisfied) and TKA
(67.4% satisfied) groups (P ¼ .048). No patients received
subsequent surgery in any of the 3 groups. No significant
differences were seen between groups on the postopera-
tive UCLA score or NRS pain score. Similar to the pre-
operative data, postoperative HAAS values were higher
in the UKA group than TKA group (12.4 vs 9.5, respec-
tively; P < .001). No significant difference was found
between PFA and TKA (11.0 vs 9.5, respectively; P ¼

.259) or PFA and UKA (11.0 vs 12.4, respectively; P ¼

.210). The results of post hoc pairwise comparison tests
can be found in Table 3.

Improvement on the outcomes of interest between the
pre- and postoperative time points is displayed in Table 4.
Generally, patients played significantly fewer sports than
they had within the 5 years preoperatively regardless of the
procedure. However, a significant improvement was seen in
activity scores (HAAS and UCLA) as well as pain scores
(NRS) for all 3 groups. No difference was detected in the
magnitude of improvement among the 3 groups on either
number of sports played or the patient-reported outcome
scores.

A post hoc power analysis was performed on the postop-
erative HAAS and UCLA scores. Using the HAAS and
UCLA means and standard deviations in each group in
Table 2, a power of 0.99 and 0.18 was reached to detect a
difference between group HAAS and UCLA scores, respec-
tively. This suggests that our study had power to detect a
difference in HAAS values but not UCLA.

DISCUSSION

This study entailed head-to-head comparisons of patients
who had undergone UKA, TKA, and PFA and for whom
we assessed return to sports, activity scores, and satis-
faction while controlling for age and sex. Preoperatively,
patients who underwent PFA participated in fewer low-
and medium-impact sports and reported lower UCLA

TABLE 2
Postoperative Characteristics for Total Sample and UKA, TKA, and PFA Groupsa

Total UKA TKA PFA P Value

Return to level of impact
Lower 42 (36.5) 11 (23.8) 21 (45.7) 10 (43.5) .229
Similar 54 (46.9) 27 (58.7) 18 (39.1) 9 (39.1)
Higher 19 (16.5) 8 (17.4) 7 (15.2) 4 (17.4)

Return to level of performance
Lower 29 (25.2) 9 (19.6) 13 (28.3) 7 (30.4) .008
Similar 30 (26.1) 12 (26.1) 14 (30.4) 4 (17.3)
Higher 56 (48.7) 25 (54.4) 19 (41.3) 12 (52.2)

No. of impact sports
Low impact 2.61 ± 1.8 2.82 ± 2.0 2.61 ± 1.6 1.91 ± 1.6 .14
Medium impact 0.99 ± 0.9 1.07 ± 1.0 1.00 ± 0.9 0.48 ± 0.7 .04
High impact 0.36 ± 0.7 0.48 ± 0.7 0.33 ± 0.7 0.17 ± 0.5 .18

Satisfaction
(Very) dissatisfied/neutral 29 (25.2) 6 (13.1) 15 (32.6) 8 (35.8) .048
(Very) satisfied 86 (74.8) 40 (86.9) 31 (67.4) 15 (65.2)

UCLA
Continuous score 6.71 ± 2.0 6.89 ± 2.0 6.62 ± 1.9 6.52 ± 2.4 .736
Score unknown 2 (1.7) 1 (2.2) 1 (2.2) 0 (0)
Score �7 68 (59.1) 25 (54.3) 28 (60.8) 15 (65.2) .696
Score <7 45 (39.1) 20 (43.4) 17 (37.0) 8 (34.8)

HAAS total 10.94 ± 3.6 12.36 ± 3.8 9.54 ± 3.4 11.00 ± 3.7 .001
NRS 15.15 ± 15.42 13.76 ± 15.3 13.79 ± 11.2 20.17 ± 21.1 .144

aValues are expressed as n (%) or mean ± SD. HAAS, High Activity Arthroplasty Score; NRS, Numeric Rating Scale for pain; PFA,
patellofemoral arthroplasty; TKA, total knee arthroplasty; UCLA, University of California Los Angeles activity score; UKA, unicompart-
mental knee arthroplasty.
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scores than patients who underwent UKA and TKA. Fur-
thermore, the UKA group had higher HAAS values than
the PFA and TKA groups preoperatively. These

differences carry over to postoperative outcomes. The
UKA group had a higher rate of return to previous levels
of performance and satisfaction and reported higher
HAAS values than the TKA and PFA groups. PFA
patients played fewer medium-impact sports postopera-
tively than TKA patients. In addition, no difference was
detected in the pre- and postoperative improvement
among the 3 procedures, further suggesting that initial
differences in patient population were reflected in post-
operative outcomes.

To date, no study has directly compared the sports-
related outcomes of these 3 surgeries on a matched popu-
lation. In a meta-analysis, Witjes et al30 found that the
UKA group had higher postoperative activity levels and
returned to a greater number of sports compared with the
TKA group. These results are reflected in the higher post-
operative HAAS values and rates of return to sports in the
UKA group of our study. Some studies have compared PFA
and TKA patients, but they focused on only clinical out-
comes and implant survivorship.2,3,7 A few studies, how-
ever, investigated the difference in UCLA scores between
PFA and TKA. Kamikovski et al7 found no difference in
UCLA scores between PFA and TKA patients. In contrast,
Dahm et al2 noted a significantly higher UCLA score after
PFA than TKA, although that study did not match the
groups on patient characteristics. The only study on PFA
and return to sports did not compare PFA against another
procedure. Shubin Stein et al21 found that the majority of
PFA patients returned to play at a similar level, which is
also reflected in our study, but we found a higher rate of
return.

TABLE 3
PostHoc Pairwise ComparisonTests With Tukey Adjustmenta

Measure Comparison Difference 95% CI
P

Value

Preoperative
No. of low-impact

sports
UKA-TKA –0.17 –1.03 to 0.69 .881

TKA-PFA 1.52 0.46 to 2.58 .003
UKA-PFA 1.34 0.29 to 2.41 .008

No. of medium-
impact sports

UKA-TKA 0.11 –0.40 to 0.62 .869

TKA-PFA 0.72 0.09 to 1.35 .021
UKA-PFA 0.83 0.20 to 1.45 .008

HAAS UKA-TKA 2.78 1.00 to 4.57 .001
TKA-PFA –0.56 –1.29 to 0.15 .470
UKA-PFA 2.00 –0.18 to 4.18 .080

Postoperative
No. of medium-

impact sports
UKA-TKA 0.07 –0.39 to 0.52 .938

TKA-PFA 0.52 –0.04 to 1.08 .072
UKA-PFA 0.59 0.03 to 1.14 .036

HAAS UKA-TKA 2.92 1.14 to 4.50 <.001
TKA-PFA –1.45 –3.49 to 0.56 .210
UKA-PFA 1.36 –0.69 to 3.41 .259

aHAAS, High Activity Arthroplasty Score; PFA, patellofemoral
arthroplasty; TKA, total knee arthroplasty; UKA, unicompartmen-
tal knee arthroplasty.

Figure 2. Return to level of impact and performance by injury type. PFA, patellofemoral arthroplasty; TKA, total knee arthroplasty;
UKA, unicompartmental knee arthroplasty.
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A major strength of our study is that we controlled for
potential confounding by matching on age and sex. In
the meta-analysis performed by Witjes et al,30 15 (83%)
of the 18 included studies were subject to bias due to lack
of adjustment for patient-related factors and preopera-
tive sports level. It should be noted that our preoperative
activities surveys queried patients about their sporting
activities within 5 years before the procedure rather
than immediately preoperatively. As such, many
patients presumably reported on their prearthritic activ-
ity level and compared this with their postoperative
sporting level. Indeed, if we had asked about patients’
activity over a shorter preoperative timeframe (such as
6 months preoperatively), it is likely that their preoper-
ative activity levels would have been lower, and improve-
ment after arthroplasty would have been more
impressive.30 Thus, the rates of return to sports that
we have reported are not overestimates of the true
return rates. Earlier studies performed on PFA patients
focused on clinical and functional outcomes. In contrast,
the current study concentrated on activity scores and
return to sports, because these outcomes are more rele-
vant to patients as they increasingly engage in active
lifestyles at older ages. The UCLA score has been the
most commonly used scale to measure physical activity.
The HAAS, in contrast, is newer and was designed to
replace conventional scales that were validated in older
populations and that focused on activities of daily living
instead of high levels of physical activity.23

One concern with returning to a high level of activity
after knee arthroplasty is the potential increase in risk of
revision for UKA due to implant wear and tear. This is a
valid concern, but in a systematic review of studies on
patients who underwent UKA and TKA, Kleeblad et al8

found that implants in younger patients (<55 years) had
a low revision rate (adjusted risk ratio TKA vs UKA, 0.52),
which corresponds to high 10-year survivorship (UKA 90%
vs TKA 94.7%). This survivorship rate was comparable
with the rate found in the general population (�65 years).16

These patients were young and had high postoperative
activity levels, suggesting that even after arthroplasty,
patients can return to high levels of activity without
increased risk of revision or complication.8 Moreover,
increased activity can lead to other health benefits such
as increased cardiovascular health and fitness. Surgeons
may have to weigh the health benefits of returning to high
activity against increased risk of revision when deciding
which surgery to perform.

This study also has multiple limitations. The study set-
ting is a high-volume tertiary referral hospital, so our find-
ings may not be generalizable to institutions where UKA
and PFA are not as frequently performed. The study team
was not able to collect data on socioeconomic status, which
may affect the outcome. In addition, only patients from 2
orthopaedic surgeons were included. Because the data col-
lection was retrospective, there is always a concern that
patients were lost to follow-up or had poor recall. This study
was not randomized. Patients who had higher activity
levels may have been recommended UKA more often than
TKA and PFA, resulting in selection bias. The study fol-
lowed patients for only 1 to 2 years postsurgically, and
patient activity levels may change beyond this period. Our
study may have been underpowered to detect significant
differences due to the low number of PFA patients in our
sample. In addition, the PFA patient population was over-
whelmingly female (87%), which resulted in fewer unique
TKA patients being matched. However, this sex imbalance
is standard for PFA patients and resulted from matching on
PFA. For example, Shubin Stein et al21 reported that in
their PFA population, 84% of patients were female. As a
result, our population may be less generalizable to the over-
all population undergoing knee-replacement procedures. It
may have been beneficial to match patients on preoperative
activity levels due to the possible selection bias when select-
ing patients for a surgery. However, due to our smaller
sample size, we were concerned that matching on a third
variable would result in fewer unique matches.

TABLE 4
Improvement on Return to Sports and Patient-Reported Outcome Measures Between Post- and Preoperative Assessmentsa

UKA (Post-Pre) TKA (Post-Pre) PFA (Post-Pre)

Measure Estimate 95% CI
P

Value Estimate 95% CI
P

Value Estimate 95% CI
P

Value
Between-Group

P Value

No. of Impact
Sports
Low impact –0.26 –0.89 to 0.37 .41 –0.65 –1.10 to –0.20 .006 0.17 –0.25 to 0.60 .4 .164
Medium

impact
–0.46 –0.78 to –0.13 .006 –0.41 –0.63 to 0.20 <.001 –0.22 –0.65 to 0.21 .31 .596

High
impact

–0.22 –0.61 to 0.08 .14 –0.15 –0.37 to 0.18 .368 –0.39 –0.86 to 0.07 .095 .679

UCLA 0.96 0.23 to 1.68 .01 1.33 0.25 to 2.41 .017 1.65 –0.725 to 2.58 .001 .626
HAAS 2.5 1.26 to 3.74 <.001 2.41 1.20 to 3.63 <.001 3.09 1.37 to 4.80 <.001 .81
NRS –56 –62.67 to –49.33 <.001 –47.82 –54.55 to –41.08 <.001 –46.14 –56.16 to 36.11 <.001 .126

aHAAS, High Activity Arthroplasty Score; NRS, Numeric Rating Scale for pain; PFA, patellofemoral arthroplasty; TKA, total knee
arthroplasty; UCLA, University of California, Los Angeles activity score; UKA, unicompartmental knee arthroplasty.
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CONCLUSION

High rates of return to sports were achieved regardless of
the procedure. Patients who underwent UKA and TKA had
higher baseline activity scores than patients who under-
went PFA, which were reflected in postoperative outcomes.
We found no difference in improvements after surgery
among the 3 groups. This finding suggests that preopera-
tive patient characteristics may be more prognostic of post-
operative outcomes than surgery type. Our findings may
help surgeons better inform their patients on the ability
to return to sports after knee replacement as well as better
manage expectations.
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