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Background: Noise has been reported to occur with relatively high frequency after conventional total
knee arthroplasty (C-TKA), and this may impact the incidence of patient satisfaction and function. The
purpose of this study was to compare the rate of patient-reported prosthetic noise generation after
robotically-assisted TKA (RA-TKA) and C-TKA.
Methods: A retrospective study was conducted of unilateral primary RA-TKAs and C-TKAs performed
between 2018 and 2021. Patients completed a survey consisting of 4 Likert scale questions related to
prosthetic noise generation and Knee Injury and Osteoarthritis Score Joint Replacement and Forgotten
Joint Score were assessed prospectively preoperatively and at a minimum of 1-year of clinical follow-up.
Statistical analysis was done utilizing T-tests and chi-square tests, with statistical significance defined as
a P-value < .05.
Results: One hundred sixty-two RA-TKAs and 320 C-TKAs with similar baseline characteristics and
functions were included. There were no significant differences in hearing or feeling grinding, popping,
clicking, or clunking (40.7% vs 38.1%; P ¼ .647) between groups. Most RA-TKAs and C-TKAs were not
dissatisfied regarding noise generation (70.4% vs 73.1%; P ¼ .596). In both cohorts, patients who reported
noise generation had lower average Forgotten Joint Scores (45.5 vs 66.1; P < .001) and lower post-
operative Knee Injury and Osteoarthritis Score Joint Replacement scores (72.0 vs 81.4; P < .001) than
those who did not experience noise generation.
Conclusions: While RA-TKA may facilitate soft tissue balancing, there were no differences in prosthetic
noise generation between RA-TKA and C-TKA. However, those who experience implant-generated noise
have lower functional outcome scores.
© 2023 The Authors. Published by Elsevier Inc. on behalf of The American Association of Hip and Knee
Surgeons. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
Introduction

Despite improvements in total knee arthroplasty (TKA) surgical
techniques, implant design, and perioperative protocols, there still
remains a population of about 20%-30% who are dissatisfied with
the results after TKA [1,2]. Patients frequently report implant-
related noise generation such as clicking, snapping, cracking, and
popping after undergoing conventional total knee arthroplasty (C-
TKA) [3,4]. While historically, implant-related noise was frequently
attributed to patellar clunk syndrome in posteriorly stabilized
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knees, recent advancements in implant design have limited the
occurrence of this condition [5,6], thus leaving other primary
sources of noise in TKA [4]. Despite a variety of modifications in
implant design and surgical technique, patients still report some
degree of audible implant-related noise or noise-related symptoms
following TKA surgery. Sharkey and Miller reported that as many as
69% of patients had noise in their knees, three-quarters of whom
did not anticipate these symptoms prior to TKA surgery [4]. On the
other hand, a retrospective study by Nam et al. found that 27% of
patients experienced noise from their TKA [7].

Use of robotic-assisted total knee arthroplasty (RA-TKA) has
become increasingly common [8], with the aim of improving
functional outcomes and durability after TKA as well as reducing
dissatisfaction. However, when considering potential alternative
benefits of RA-TKA [9-12], it is unknownwhether improvements in
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Table 1
Patient characteristics.

Total patients
(N ¼ 482)

RA-TKA
(N ¼ 162)

C-TKA (N ¼ 320) P-value

Age (years) 65.5 (8.83) 67.0 (7.99) 64.7 (9.15) .005
Sex .148
Men 199 (41.3%) 59 (36.4%) 140 (43.8%)
Women 283 (58.7%) 103 (63.6%) 180 (56.2%)

BMI (kg/m2) 30.2 (5.0) 30.4 (5.1) 30.1 (5.0) .513
CCI 0.5 (0.86) 0.5 (0.85) 0.6 (0.87) .570
KOOS-JR 48.8 (13.3) 46.6 (14.5) 49.9 (12.6) .017
Laterality 1.000
Right 248 (51.5%) 83 (51.2%) 165 (51.6%)
Left 234 (48.5%) 79 (48.8%) 155 (48.4%)

Implant style <.001
CR 195 (40.5%) 13 (8.0%) 182 (56.9%)
PS 115 (23.9%) 92 (56.8%) 23 (7.2%)
UC 130 (27.0%) 21 (13.0%) 109 (34.1%)
MC 36 (7.5%) 34 (21.0%) 2 (0.6%)
CPS 6 (1.2%) 2 (1.2%) 4 (1.3%)

Patella resurfacing .847
Yes 159 (33.0%) 52 (32.1%) 107 (33.4%)
No 323 (67.0%) 110 (67.9%) 213 (66.6%)

Values given as mean (SD) or number (%).
Bold values indicate statistical significance.
BMI, body mass index; CCI, Charlson comorbidity index; CR, cruciate retaining; PS,
posterior stabilized; UC, ultra-congruent; MC, medial-congruent; CPS, constrained
posterior-stabilized.
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component positioning and soft tissue balancing achieved in RA-
TKA may impact the generation of implant-related noise. To our
knowledge, no studies have examined whether patients who un-
dergo RA-TKA experience less implant-related noise as compared
to patients undergoing C-TKA.

The purpose of this study is to determine if there is a significant
difference in the amount of audible noise or symptoms such as
grinding, popping, or clicking generated by the implant in RA-TKA
compared to C-TKA. Additionally, the secondary purposes are to
compare the Forgotten Joint Scores (FJSs) between patients who
reported noise generation and those who did not, and to compare
FJSs between patients who received different polyethylene inserts
and patellar resurfacing. We hypothesize that implant-related
noise and symptom generation in RA-TKA will be less than those
observed in C-TKA.

Material and methods

Study design

This study was a single-institution retrospective survey assess-
ing patient-reported noise and residual symptoms (such as
popping, grinding, clunking, clicking, and crackling), as well as
functional outcomes, at a minimum of 1 year following primary
TKA. All of the TKAs utilized the Persona TKA (Zimmer Biomet,
Warsaw, IN) with and without the robotic assistance of the ROSA
Knee robot (Zimmer Biomet, Warsaw, IN). The C-TKAs were per-
formed using a mechanical alignment technique, and the RA-TKAs
were performed utilizing a restricted kinematic alignment algo-
rithm; irrespective of the approach, the goal was to achieve a
balanced knee. The surgeries were performed by 4 fellowship-
trained arthroplasty surgeons from 2018 to 2021. Patients who
underwent C-TKA were compared to patients who underwent RA-
TKA.

The survey was sent to eligible patients via email through the
Health Insurance Portability and Accountability Act-compliant
software (REDCap; Vanderbilt University, Nashville, TN). Eligible
participants received the survey in May 2022 and again in
September 2022, with up to 6 reminder emails if they did not
complete the survey.

Inclusion and exclusion criteria

Patients were eligible for participation in this study if they un-
derwent unilateral primary TKA with or without robotic assistance
for osteoarthritis, had at least 1 year of clinical follow-up, had a
completed functional outcome score preoperatively, and had a
Persona TKA implant. Patients were excluded from this study if
their TKA was performed for inflammatory or posttraumatic
arthritis or if their index operation was a simultaneous bilateral
TKA, revision TKA, conversion TKA, or partial knee arthroplasty.
Patients were also excluded if they had no email in our institutional
database or no completed functional outcomes score
preoperatively.

Data collection

Demographic information such as age, sex, body mass index,
nonage adjusted Charlson comorbidity index, primary TKA date,
and laterality of TKA were obtained from our institutional arthro-
plasty database, which collects data prospectively. Additionally,
preoperative Knee Injury and Osteoarthritis Score Joint Replace-
ment (KOOS-JR) scores were obtained from our prospectively
collected institutional database (See Table 1). Implant types
including polyethylene insert type and whether or not the patella
was resurfaced were obtained from the retrospective review of the
operative records (see Table 1). The electronic survey that was sent
to patients consisted of 4 Likert scale questions related to prosthetic
noise generation and satisfaction, the FJS, and the KOOS-JR. Primary
outcomes included patient-reported noise and noise-related
symptoms in the 30 days prior to being surveyed. Secondary out-
comes include the FJS to assess prosthetic joint awareness
following surgery as well as the KOOS-JR score for functional
outcome assessment.
Patient characteristics

The survey was sent to 940 patients who underwent either RA-
TKA or C-TKA from 2018 to 2021, among whom 482 patients
responded, giving a response rate of 51.3%. The participants con-
sisted of 320 C-TKA and 162 RA-TKA patients. There were no sig-
nificant differences in body mass index or Charlson comorbidity
index between the groups (see Table 1). Although a greater portion
of survey respondents were women in both groups, patients in the
RA-TKA group were older on average (67.0 vs 64.7; P ¼ .005), and
the mean preoperative KOOS-JR was lower in the RA-TKA group
(46.6 vs 49.9; P ¼ .017), indicating a slightly higher degree of
baseline disability in the RA-TKA group. The distribution of poly-
ethylene inserts used in each group, as well as limb laterality and
incidence of patellar resurfacing are included (see Table 1).
Statistical analysis

With an alpha of 0.05 and power of 80%, 276 patients were
needed to be enrolled in this study, with at least 138 patients in
both the C-TKA and RA-TKA groups. Descriptive analyses were
performed for the full cohort. A multivariate analysis was per-
formed to account for demographic variables, differences in
implant types (cruciate-retaining, ultra-congruent, medial-
congruent, posterior-stabilized, constrained posterior-stabilized),
and patellar resurfacing. A chi-square analysis and Fisher’s exact
test were used to compare categorical data and to report the fre-
quency of noise and residual symptoms in patients who underwent



Table 2
Data collected from survey.

Total patients (N ¼ 482) RA-TKA (N ¼ 162) cTKA (N ¼ 320) P-value

How often have you heard grinding, popping, clicking, or clunking from
your knee replacement within the last 30 days?

.647

Never/rarely 294 (61.0%) 96 (59.3%) 198 (61.9%)
Sometimes/often/extremely often 188 (39.0%) 66 (40.7%) 122 (38.1%)

How often have you felt grinding, popping, clicking, or clunking from your
knee replacement within the last 30 days?

.500

Never/rarely 309 (64.1%) 100 (61.7%) 209 (65.3%)
Sometimes/often/extremely often 173 (35.9%) 62 (38.3%) 111 (34.7%)

If you heard or felt grinding, popping, clicking, or clunking from your knee
replacement within the last 30 days, does the noise generation or
sensation cause discomfort?

.967

Never/rarely 207 (70.9%) 73 (73%) 134 (69.8%)
Sometimes/often/extremely often 85 (29.1%) 27 (27%) 58 (30.2%)

How satisfied are you with the amount of noise that your knee replacement
makes?

.596

Very unsatisfied/unsatisfied 134 (27.8%) 48 (29.6%) 86 (26.9%)
Neutral/satisfied/very satisfied 348 (72.2%) 114 (70.4%) 234 (73.1%)

Forgotten Joint Score 58.1 (30.2) 54.7 (30.3) 59.8 (30.1) .081
Postoperative KOOS-JR 77.7 (18.8) 75.7 (18.8) 78.7 (18.8) .105
DELTA KOOS-JR 28.9 (20.5) 29.2 (21.2) 28.7 (20.2) .808

Values given as number (%) or mean (SD).
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RA-TKA compared to C-TKA. P-values less than .05 were deemed
statistically significant. All statistical analyses were performed us-
ing R Studio (Version 3.6.3, Vienna, Austria).

Results

The RA-TKAs and C-TKAs groups reported similar rates of
hearing grinding, popping, clicking, or clunking from their implant
within the last 30 days of receiving the survey (40.7% vs 38.1%; P ¼
.647) (see Table 2). Similarly, there were no statistically significant
differences in the 2 groups that reported feeling grinding, popping,
clicking, or clunking in the knees within 30 days of the survey
(38.3% vs 34.7%; P ¼ .500). Of those who reported either hearing or
feeling these sensations, 73% of RA-TKA patients and 69.8% of C-TKA
patients (P ¼ .967) reported that the noise generation or sensation
does not cause discomfort. Most RA-TKAs and C-TKAs were not
dissatisfied regarding noise generation from their prosthetic knee
replacement (70.4% vs 73.1%; P ¼ .596).

The RA-TKAs and C-TKAs had similar average FJSs (54.7 vs 59.8;
P ¼ .081), with no significant differences between those who re-
ported hearing noises and those who did not in each group. Like-
wise, there were no significant differences in the postoperative
KOOS-JR score (75.7 vs 78.7; P ¼ .105) between groups. However,
patients who reported hearing noise in both groups had lower
average FJSs than those who did not (45.5 vs 66.1; P < .001) and
lower average postoperative KOOS-JR scores (72.0 vs 81.4; P < .001)
(see Table 3). Likewise, those who reported feeling symptoms
related to noise generation had lower average FJSs (43.2 vs 66.4; P <
Table 3
Comparison of total patients who heard/felt noise to functional outcomes.

How often have you heard grinding, popping, clicking, or clunking
from your knee replacement within the last 30 days?

Never/ra

Forgotten Joint Score 66.1 (28.
Postoperative KOOS-JR 81.4 (15.

How often have you felt grinding, popping, clicking, or clunking from
your knee replacement within the last 30 days?

Never/ra

Forgotten Joint Score 66.4 (28.
Postoperative KOOS-JR 81.8 (15.

Values given as mean (SD).
Bold values indicate statistical significance.
.001) and lower average postoperative KOOS-JR scores (70.4 vs
81.8; P < .001) than those who did not report these sensations.

There were no significant differences between the implant
styles and noise generation (see Table 4). While those with
posterior-stabilized, medial-congruent, and constrained posterior-
stabilized implants had statistically significant lower average FJSs,
indicating higher levels of awareness of the knee joint, the study
was not adequately powered to determine differences between
implant styles. There were no significant differences in noise gen-
eration, FJS, or KOOS-JR scores based on whether patellae were
resurfaced or not (See Table 5).

The results of the multivariate analysis found that age was the
only significant factor regarding patients who reported hearing or
feeling noise from their prosthesis (Table 6). However, implant
types did not significantly impact reports of noise or patient
satisfaction.

Discussion

Prosthetic noise generation, and noise-related symptoms such
as grinding, popping, or clicking, and implant awareness are similar
between RA-TKA and C-TKA, contrary to our hypothesis that their
incidence would be less in RA-TKA compared to C-TKA. In the
current study, 39.0% of all TKA patients heard noise, which is
slightly higher than that reported by Nam et al. (29.0%) [7] and
Parvizi et al. (33.0%) [13], but lower than that reported by Sharkey
and Miller [4]. 29% of studied patients have discomfort associated
with the symptoms of noise, and 28% of patients are dissatisfied
rely (N ¼ 294) Sometimes/often/extremely often (N ¼ 188) P-value

7) 45.5 (28.3) <.001
9) 72.0 (21.5) <.001

rely (N ¼ 309) Sometimes/often/extremely often (N ¼ 173) P-value

7) 43.2 (27.2) <.001
8) 70.4 (21.5) <.001



Table 4
Comparison of noise generation based on implant styles.

CR (N ¼ 195) PS (N ¼ 115) UC (N ¼ 130) MC (N ¼ 36) CPS (N ¼ 6) P-value

How often have you heard grinding, popping, clicking, or clunking
from your knee replacement within the last 30 days?

.436

Never/rarely 126 (64.6%) 63 (54.8%) 78 (60.0%) 24 (66.7%) 3 (50%)
Sometimes/often/extremely often 69 (35.4%) 52 (45.2%) 52 (40.0%) 12 (33.3%) 3 (50%)

How often have you felt grinding, popping, clicking, or clunking
from your knee replacement within the last 30 days?

.773

Never/rarely 131 (67.2%) 71 (61.7%) 82 (63.1%) 22 (61.1%) 3 (50%)
Sometimes/often/extremely often 64 (32.8%) 44 (38.3%) 48 (36.9%) 14 (38.9%) 3 (50%)

Forgotten Joint Score 62.2 (29.3) 51.6 (30.3) 60.1 (30.0) 52.0 (31.8) 43.4 (34.2) .014
Postoperative KOOS-JR 79.2 (18.4) 76.0 (19.8) 78.9 (18.9) 72.7 (14.8) 65.0 (25.7) .092

Values given as number (%) or mean (SD).
Bold values indicate statistical significance.
CR, cruciate retaining; PS, posterior stabilized; UC, ultra-congruent; MC, medial-congruent; CPS, constrained posterior-stabilized.
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with the “noise” they feel or hear. This may help explain some of
the dissatisfaction from residual symptoms described in the series
by Noble et al. [14] and complement the work done by others,
which reported a link between greater noise-related symptoms and
either dissatisfaction or function limitations [3,4,7].

One of the challenges in TKA is to lower awareness of the
replacement. Noise generation is one factor that can cause aware-
ness of a joint replacement. The FJS is a validated way to assess a
patient’s level of awareness of their knee replacement throughout a
variety of activities [15,16]. In this study, we looked at the differ-
ences in the FJSs between the RA-TKA and C-TKA groups and found
no statistically significant differences. However, the presence of
prosthetic noise and noise-related symptoms in both groups had a
correlation with lower average FJSs and lower KOOS-JR scores,
findings that reached statistical significance and differed from
another study that reported that patient-reported noise has limited
effect on joint awareness and clinical outcomes [17].

While innovation in implant designs have improved reports of
noise-related from patellar clunk [5,6], and differences in implant
designs can affect the incidence of residual symptoms [18], the
present study found no relationship between multiple variables
such as polyethylene liner type, level of constraint, andwhether the
patella was resurfaced and the incidence of implant-generated
noise. This differs from a study by Nam et al., which found that
posterior-stabilized knee implants and rotating-platform designs
have a greater likelihood of noise generation than cruciate-
retaining knees [7]. Further, while Pritchett found that noise-
related symptoms were more common with particular implant
designs and levels of constraint, occurring in 4% of patients with
bicruciate retaining implants, 12% of patients with medial pivot
prostheses, 31% of patients with posterior cruciate ligament
retaining implants, 33% of patients with posterior-stabilized im-
plants, and 42% of patients with mobile bearing knees [3], we were
unable to ascribe a higher incidence of noise-related symptoms to
Table 5
Comparison of noise generation based on patellae resurfacing.

Resurfa

How often have you heard grinding, popping, clicking, or clunking
from your knee replacement within the last 30 days?
Never/rarely 89 (5
Sometimes/often/extremely often 70 (4

How often have you felt grinding, popping, clicking, or clunking from
your knee replacement within the last 30 days?
Never/rarely 97 (6
Sometimes/often/extremely often 62 (3

Forgotten Joint Score 57.2 (2
Postoperative KOOS-JR 76.5 (1

Values given as number (%) or mean (SD).
any particular implant style or constraint level in our series, irre-
spective of whether robotic assistance was used. However, the
variations in implant styles can affect ligament tension and gap
opening through the arc of motion, which may affect the results of
this study. While our study found that those with posterior-
stabilized, medial-congruent, and constrained posterior-stabilized
styles of inserts, across groups, had statistically significant lower
average FJSs, indicating higher levels of implant awareness, we
were underpowered to draw meaningful conclusions between
implant types and the incidence of noise. Conversely, a study by
Kim et al. compared bilateral knees in 50 patients, also using the
Persona (Zimmer Biomet) implants, and found that ultra-congruent
knees had less noise generation than posterior-stabilized knees, but
there were no differences in FJS [19].

Finally, our study did not find any differences in noise genera-
tion between resurfaced and nonresurfaced patella in either the
RA-TKA or C-TKA cohorts. This differs from ameta-analysis by Chen
et al., which found a statistically significant difference between
resurfaced and nonresurfaced patellae in TKA, with far greater
noise generation in patellae that were not resurfaced [20]. The
findings of our study do not support that conclusion, although in
our cohorts, the principle of selective patellar resurfacing was fol-
lowed, whereby the patellae were left unresurfaced only if there
was no significant lateral patellar facet arthritis. This is different
than the meta-analysis [20], which did not account for the severity
of patellar arthritis. Additionally, our study did not find statistically
significant differences in FJSs or KOOS-JR scores between resur-
faced and nonresurfaced patellae, which is similar to prior studies
[21,22].

The findings of this study rely on patient-reported awareness of
hearing or feeling noise-related symptoms after TKA. Although 39%
of the total patient population reported hearing noise and 36% of
patients reported feeling symptoms related to noise generation, age
and hearing loss may play a role in some patients abilities to self-
ced patella (N ¼ 159) Nonresurfaced patella (N ¼ 323) P-value

.137

6.0%) 205 (63.5%)
4.0%) 118 (36.5%)

.371

1.0%) 212 (65.6%)
9.0%) 111 (34.4%)
9.9) 58.5 (30.5) .667
9.5) 78.3 (18.5) .337



Table 6
Multivariate logistic regression of noise symptoms.

Variable Heard noise Felt noise Noise satisfaction

Conventional 1.28 (0.68-2.43) 0.446 1.08 (0.67-2.05) 0.822 1.45 (0.74-2.89) 0.284
Age 0.97 (0.95-0.99) 0.046 0.97 (0.95-0.99) 0.033 0.97 (0.95-1.00) 0.069
BMI 0.98 (0.94-1.03) 0.456 1.00 (0.95-1.05) 0.959 0.96 (0.91-1.00) 0.067
Sex 0.67 (0.43-1.04) 0.074 0.80 (0.51-1.26) 0.340 0.86 (0.54-1.38) 0.537
CCI 0.87 (0.67-1.13) 0.324 0.79 (0.59-1.03) 0.088 0.76 (0.55-1.01) 0.071
Pre OP KOOS Jr 1.00 (0.98-1.01) 0.611 0.99 (0.97-1.01) 0.265 1.00 (0.98-1.02) 0.951
Poly style
CR Reference Reference Reference
PS 1.96 (0.95-4.08) 0.070 1.27 (0.61-2.65) 0.524 2.07 (0.96-4.55) 0.065
UC 1.33 (0.75-2.37) 0.334 1.26 (0.70-2.25) 0.442 1.16 (0.62-2.15) 0.647
MC 1.11 (0.41-2.95) 0.828 1.22 (0.46-3.22) 0.682 1.47 (0.51-4.15) 0.467
CPS 4.79 (0.43-107.54) 0.215 1.20 (0.05-14.00) 0.890 1.77 (0.08-20.09) 0.655

Data presented as odds ratio, 95% confidence interval, and P-values.
Bolded values indicate statistical significance.
BMI, body mass index; CCI, Charlson comorbidity index; Pre Op KOOS JR, preoperative Knee Injury Osteoarthritis Outcome Score, Joint Replacement; CR, cruciate retaining, PS,
posterior stabilized, UC, ultra-congruent; MC, medial congruent; CPS, constrained posterior stabilized.
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report for these survey questions of interest. In this study, patients
in the RA-TKA group had a statistically significant higher age (67.0
vs 64.7; P ¼ .005). Nonetheless, in addition to similar rates of
hearing noise in both the RA-TKA and C-TKA groups, the incidence
of feeling symptoms, a “noise variant” of sorts, was also comparable
between groups. In the future, the use of vibroarthrography [23]
may be a useful tool to better quantify knee acoustic emissions and
knee prosthesis-generated noise.

Strengths of this study include that this is the first study, to our
knowledge, to assess implant-related noise generation between C-
TKA and RA-TKA in a study adequately powered for both groups.
Additionally, the survey responses pertaining to patient-reported
noise generation and satisfaction were able to be compared to
functional outcome scores. However, there are limitations to this
study worth noting. This is a retrospective study, which may be
subject to volunteer bias and nonresponse bias, which could impact
the results despite a strong survey response rate of 51.3%. Study
participants may have been more inclined to participate if they
experienced noise generation or noise-related symptoms. Although
it was a strength of this study that a single implant design and
single robotic system were used, the results of this study may not
be generalizable across a broader range of implants or different
robots. Further, this study was not powered to determine differ-
ences in noise and noise-related symptoms based on implant styles
or levels of constraint. This may be the basis for further studies.
Finally, an ongoing study is being performed to determine how
quantified measures of soft tissue balance may impact noise gen-
eration in RA-TKA.

Conclusions

While image-free RA-TKA may facilitate improved soft tissue
balancing and component alignment compared to C-TKA, there
were no differences in prosthetic noise generation or noise-related
symptoms between image-free RA-TKA and C-TKA in this study.
Irrespective of surgical technique, patients who reported hearing
noise generation or feeling noise-related symptoms had worse
functional outcomes.
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