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Background: Unicompartmental and total knee arthroplasty (UKA and TKA) have demonstrated excellent mid- and long-
term outcomes and have been compared in clinical series for decades; however, to our knowledge, no study has
sufficiently matched UKA and TKA cohorts on preoperative osteoarthritis severity. The purpose of this study was to
evaluate patient-reported outcomes of radiographically and demographically matched UKA and TKA cohorts.

Methods: One hundred and thirty-five UKAs and 135 TKAs were matched by patient age, sex, body mass index, and
American Society of Anesthesiologists Physical Status (ASA-PS) classification as well as preoperative osteoarthritis
severity in medial and lateral tibiofemoral and patellofemoral compartments (Kellgren-Lawrence grading system). Patient-
reported outcome measures for pain, function, activity level, and satisfaction were evaluated at minimum 1-year follow-up
via components of the modern Knee Society Score, the University of California Los Angeles (UCLA) activity-level score,
and a Likert satisfaction scale.

Results: The patients in the UKA group reported significantly less pain, a higher activity level, and greater satisfaction
while performing several functional activities and could walk for a longer amount of time before stopping due to knee
discomfort compared with those in the TKA group (p < 0.038). In addition, a greater proportion of patients in the UKA than
in the TKA group were “satisfied or very satisfied” with their knee replacement surgery at minimum 1-year follow-up (90%
versus 81%; p = 0.043).

Conclusions: With minimum 1-year follow-up, patients who underwent UKA reported significantly higher function, less
pain, and a greater level of patient satisfaction than a radiographically and demographically matched TKA cohort.

Level of Evidence: Therapeutic Level Ill. See Instructions for Authors for a complete description of levels of evidence.

hile total knee arthroplasty (TKA) remains an excellent
W choice for treating isolated compartmental osteoar-

thritis, unicompartmental knee arthroplasty (UKA) has
increased in popularity'. However, controversy still exists regarding
the choice between TKA and UKA for patients with end-stage knee
osteoarthritis within a single tibiofemoral compartment. Studies
comparing TKA and UKA have demonstrated excellent mid- and
long-term outcomes and have been compared in clinical series for
decades. These studies have largely focused on functional scores
and recovery, perioperative complications, and revision rates. The

authors of a meta-analysis of available randomized controlled trials
found only 3 studies published and concluded that TKA resulted in
more postoperative complications but was associated with a lower
revision rate compared with UKA at 5 years’. Other studies have
suggested that UKA results in better range of motion, more normal
knee kinematics, a lower volume of blood loss, and expedited
recovery” . Survivorship studies show similar results between
TKA and UKA", but reviews and national registries continue to
demonstrate higher revision rates following UKA"™"7". The
higher revision rate for UKA has been attributed by some to a
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TABLE | Demographic Comparison

TKA UKA T Value* X2 Valuet P Value
Age (yr) 64.7 £ 8.9 (41.7-84.0) 64.9 £ 9.5 (39.7-88.2) 0.2 0.827
BMIF (kg/m?) 31.5 + 5.6 (19.4-47.0) 30.5 +5.1(18.9-44.1) 1.4 0.158
Duration of follow-up¥ (mo) 15.7 + 5.3 (10.6-35.9) 16.7 + 10.3 (10.2-80.5) 1.03 0.303
Sex 0.7 0.464
Female 48.9% 43.7%
Male 51.1% 56.3%
ASA-PS classification 3.3 0.352
lor2 51.1% 61.9%
3ord 48.9% 38.1%
*Student 2-sample t test used to compare means. tChi-square test used to compare proportions. $The values are given as the mean and
standard deviation, with the range in parentheses.

lower threshold for revision from an inherent bias of having
multiple unresurfaced native lateral or patellofemoral com-
partments, from which the pain is erroneously considered to
originate™.

Most existing comparative TKA and UKA studies are
potentially confounded by differences in preoperative radio-
graphic disease patterns that represent potential selection bias
based on more conservative radiographic indications for UKA.
In several studies, cohorts were matched on the basis of age,
sex, body mass index (BMI), and preoperative scores of func-
tion®"*. Others have minimized cofounding variables by com-
paring outcomes in patients who have undergone UKA and TKA
in contralateral knees . Some studies have attempted to match
TKA and UKA cohorts radiographically; however, groups in
these studies differed preoperatively by radiographic severity of

TABLE Il Kellgren-Lawrence Osteoarthritis Severity

Comparison*

Knee Compartment 0 1 2 3 4
Medial TFJ
TKA 0.0% 0.7% 30.4% 47.4% 21.5%
UKA 0.0% 0.0% 28.9% 54.8% 16.3%
Lateral TFJ
TKA 40.7% 42.2% 15.6% 1.5% 0.0%
UKA 51.1% 39.3% 9.6% 0.0% 0.0%
Medial PFJ
TKA 48.1% 33.3% 17.8% 0.7% 0.0%
UKA 57.0% 31.9% 9.6% 1.5% 0.0%
Lateral PFJ
TKA 36.3% 452% 16.3% 2.2% 0.0%
UKA 52.6% 40.0% 7.4% 0.0% 0.0%

*TFJ = tibiofemoral joint, and PFJ = patellofemoral joint.

osteoarthritis” and outcome metrics obtained preoperatively™.
To our knowledge, only 1 modern randomized controlled trial®
has compared medial UKA and TKA treatment arms on the basis
of radiographic osteoarthritis severity. The authors found similar
Oxford Knee Score values between cohorts, but UKAs were
reported to be more effective with less cost at 5-year follow-up.
The purpose of the current study was to compare minimum
1-year patient-reported outcome measures (PROMs) in a con-
secutive series of manual-technique UKAs and a radiographi-
cally and demographically matched cohort of TKAs performed
by a single high-volume surgeon.

Materials and Methods
Institutional review board approval was received to retro-
spectively review 158 medial UKAs consecutively performed
by 1 surgeon between April 2011 and March 2019. Five UKAs
were excluded for the following reasons: resection due to
infection prior to 1 year (1 case), conversion of UKA to TKA
due to aseptic tibial loosening before 1 year (1 case), bilateral
UKA (2 cases), and poor preoperative image quality (1 case).
Eighteen additional cases did not have minimum 1-year follow-
up outcome data and were removed from the analysis. The
remaining 135 medial UKAs were matched to 135 TKAs per-
formed during the same study period. Potential TKA matches
used identical exclusion criteria.

All patients had osteoarthritis in the medial compart-
ment and were without a history of trauma, osteotomy, or
flexion deformity of >5°. The indications for UKA were based
on modified Kozinn and Scott criteria®. The indications
included patients with isolated medial osteoarthritis radio-
graphically and clinically, and a lack of notable coronal or
sagittal plane deformity. Obesity and lack of anterior cruciate
ligament integrity were not strict contraindications to UKA.
Patients with asymptomatic chondral lesions on the medial
patellar facet or trochlear grove and congruent patellofemoral
tracking without joint-space narrowing radiographically were
not contraindicated for UKA.
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TABLE Ill Group Comparison of Preoperative and Minimum 1-Year PROM Scores

TKA UKA T Value* X2 Valuet P Value¥
Pain with level walking§
Preop. 5.4 5.4 0.2 0.814
Min. 1-yr follow-up 1.4 0.7 2.9 0.004
Delta -4.1 —-4.7 1.83 0.069
Pain while climbing stairs or inclines§
Preop. 7.0 6.6 1.7 0.094
Min. 1-yr follow-up 2.1 1.5 2.2 0.026
Delta —-5.2 -5.1 0.0 0.965
UCLA activity level§
Preop. 4.0 4.4 1.8 0.067
Min. 1-yr follow-up 5.6 6.0 2.1 0.038
Delta 1.5 1.7 0.5 0.610
Slight pain or no bother when walking on uneven surface
Preop. 11.1% 7.8% 0.8 0.381
Min. 1-yr follow-up 78.1% 89.3% 6.0 0.015
Slight pain or no bother when climbing up or down a
flight of stairs
Preop. 4.8% 7.0% 0.5 0.466
Min. 1-yr follow-up 72.1% 78.9% 1.7 0.197
Slight pain or no bother getting up from a low couch or
chair without arms
Preop. 12.0% 10.5% 0.1 0.719
Min. 1-yr follow-up 69.3% 87.9% 13.3 0.0003
>1 hour walking time before stopping due to knee
discomfort
Preop. 8.8% 8.5% 0.0 0.929
Min. 1-yr follow-up 45.8% 72.4% 19.4 <0.001
Satisfied or very satisfied while performing light
household activities
Preop. 8.0% 5.9% 0.4 0.516
Min. 1-yr follow-up 81.7% 94.7% 10.7 0.001
Satisfied or very satisfied with knee replacement surgery
Min. 1-yr follow-up 81.3% 90.1% 4.1 0.043
*Student 2-sample t test used to compare means. TChi-square test used to compare proportions. ¥Bold indicates significance. §Mean values are
shown. Delta = mean change calculated as min. 1-year minus preoperative value.

Surgical Technique

All procedures were performed by a single surgeon in a
suburban academic center designated for hip and knee
arthroplasty. Identical perioperative and pain management
protocols were used for all cases. Tranexamic acid was used
for all cases and all procedures were performed without
robotic assistance.

The UKA procedures were performed using an identical
surgical technique, via a mini-midvastus approach and a
spacer block technique with conventional instrumentation.
Minimal medial release was performed to allow limb align-
ment to remain in slight residual varus and to avoid over-

correcting into deleterious valgus, as is the optimal standard
practice in medial UKA procedures. All UKAs involved the
medial compartment, with use of a cemented, fixed-bearing
design (ZUK; Smith & Nephew; or Persona Partial Knee;
Zimmer Biomet).

TKA procedures utilized a medial parapatellar approach
and computer-assisted navigation (Stryker Navigation) for the
distal bone cut. The remainder of the bone cuts were made with
traditional instrumentation using a measured resection tech-
nique. All TKAs involved the use of a cemented or cementless
design from 1 of 2 manufacturers (Triathlon; Stryker Ortho-
paedics; or EMPOWR; DJO Surgical).
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Slight or No Bother with Walking on Uneven Surface
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At minimum 1-year follow-up, a greater proportion of patients in the UKA group than in the TKA group reported their knee pain as “slight or no bother” when

performing functional activities, could walk for a longer amount of time before stopping due to knee discomfort, and were “satisfied or very satisfied” when

performing light household activities and with their knee replacement surgery overall. For all but climbing up or down a flight of stairs, the difference between

the groups was significant (p < 0.043).

Radiographic Evaluation and Matching Criteria

For all UKAs and matched TKAs, the most recent preoperative
radiograph was graded (0 to 4) using the Kellgren-Lawrence
(KL) grading system for osteoarthritis severity”'. Standardized
radiographs included weight-bearing anteroposterior, pos-
teroanterior flexion, flexed lateral, and patellofemoral views.
A single experienced rater, blinded to clinical and PROM

data, graded the preoperative radiographs for osteoarthritis
severity. Individual radiographic features of the medial
compartment of the tibiofemoral joint (TFJ), the lateral
compartment of the TFJ, the medial compartment of the
patellofemoral joint (PFJ), and the lateral compartment of
the PF] were scored. Age, sex, BMI, and the American Society
of Anesthesiologists Physical Status (ASA-PS) classification

B UKA BTKA

UCLA Activity Level

6.0

Pain with Climbing Stairs or Inclines

0.7
Pain with Level Walking
1.4

Fig. 2

Mean scores for activity level and pain with level walking and pain climbing stairs or inclines at minimum 1-year follow-up were significantly better for the UKA
group compared with the TKA group; however, differences did not reach the MCID of 2 for these numerical rating scales.
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were compiled from the electronic medical record for all
cases.

Matching criteria for demographic data were age (17
years), sex, BMI (£7 kg/m?), and ASA-PS classification (+1).
Radiographic matching criteria were KL grade (+1 for each
compartment).

PROM:s

PROMs in this study evaluated pain, satisfaction, function, and
activity level via components of the modern Knee Society
Score®, a 5-point Likert scale for satisfaction, and the Univer-
sity of California Los Angeles (UCLA) activity-level score. All
PROMs were prospectively administered at preoperative and
postoperative clinic visits, with the exception of the Likert
satisfaction scale, which was administered at postoperative
visits only.

Minimum 1-year follow-up for PROM data was opera-
tionally defined as 210 months from the date of surgery, as
patients frequently have 12-month postoperative visits that are
not exactly at 12 months following surgery because of personal
schedules, life events, travel, etc. After exclusions, the overall
data response rate was 88.2% (135 of 153) who had minimum
1-year follow-up PROM data. Previous contemporary TKA
outcome studies have demonstrated no differences in PROM
values between 12 and 24 months™*. Therefore, peer-reviewed
literature now accepts 1-year follow-up as the essential mini-
mum clinical follow-up duration for PROMs and other func-
tional measures rather than the historical 2-year follow-up that
was used specifically for survivorship outcome measures.

Statistical Analysis

All statistical analyses were performed with Minitab 18. Con-
tinuous variables were analyzed with a Student 2-sample t test.
A Pearson chi-square test was used to test independence among
categorical variables, with Fisher exact test p values reported for
2 x 2 contingency tables. A 2-proportion test (Z value) was
used to compare 2 specific proportions. A significance level of
0.05 was used for all statistical analyses.

A sample-size estimation for matched case-control
cohorts® was conducted. Using satisfaction data from current
literature for UKA* and TKA”, with power (1 — B) = 0.80, a
significance level (a) of 0.05, an estimated proportional dif-
ference in UKA and TKA satisfaction (0.92 — 0.80) of 0.12, and
an estimated proportional difference of “unsatisfied” patients
among the control TKA group (1.0 — 0.80) of 0.20, it was
estimated that the sample size for each of the matched cohorts
would need to be 55, which was exceeded in both cohorts,
rendering the statistical power of this study to be >80%.

Results
o significant differences in patient age, BMI, duration of
follow-up (in months), sex, or ASA-PS classification were
found between the medial UKA (n = 135) and TKA (n = 135)
matched cohorts (p = 0.158) (Table I). The KL grades in the 4
joint locations were also were similar overall between the UKA
and TKA groups, but chi-square tests were invalid because of
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low cell counts (Table II). The lateral PFJ location showed the
largest proportional difference between UKA and TKA cohorts;
however, the degree of osteoarthritis severity for this location
did not influence PROMs (p > 0.355). The lack of statistically
significant between-group differences in demographic varia-
bles and KL grades confirmed that both UKA and TKA cohorts
were nearly equivalent candidates for either a UKA or TKA.

Pain and Function

Regarding preoperative pain during the functional activities of
walking on an uneven surface, climbing up or down a flight of
stairs, and getting up from a low couch or chair without arms,
the TKA and UKA cohorts did not differ significantly in the
proportion of patients who rated their pain as “slight or no
bother” (p = 0.381) (Table III). In addition, the 2 cohorts did
not differ with respect to the proportion of patients who,
preoperatively, were able to walk >1 hour before stopping due
to knee discomfort (p = 0.929) (Table III).

Regarding these same functional measures at minimum
1-year follow-up, a significantly greater proportion of those in
the UKA cohort than in the TKA cohort rated their knee pain as
“slight or no bother” when walking on an uneven surface and
getting up from a low couch or chair without arms (p < 0.015);
no difference was found between the groups for pain associated
with climbing up or down a flight of stairs (p = 0.197) (Table I1I)
(Fig. 1). Those in the UKA group could also walk for a longer
amount of time before stopping due to knee discomfort.
Specifically, a significantly greater proportion of patients in the
UKA cohort than in the TKA cohort could walk for >1 hour
before stopping due to knee discomfort (72% compared with
46%; p < 0.001) (Fig. 1) (Table III).

Mean scores preoperatively for pain with level walking and
pain while climbing stairs or inclines did not differ significantly
between the TKA and UKA groups (p = 0.094) (Table III). At
minimum 1-year follow-up, the UKA cohort showed signifi-
cantly lower scores for pain with level walking and pain while
climbing stairs or inclines (p < 0.026) (Fig. 2). While pain scores
for both groups improved from preoperative scores, there were
no significant differences in the change from preoperative to
minimum 1-year (“delta”) between the TKA and UKA cohorts
(p = 0.069) (Table III).

Activity Level

Mean UCLA activity-level scores preoperatively did not differ
significantly between the UKA and TKA groups (4.4 compared
with 4.0, respectively; p = 0.067) (Table III). At minimum
1-year follow-up, the UKA cohort had a significantly higher
mean activity level (6.0 compared with 5.6; p = 0.038) (Fig. 2);
however, the change from preoperative (delta) did not differ
significantly between the UKA and TKA cohorts (p = 0.610)
(Table III).

Satisfaction

Preoperatively, the UKA and TKA groups did not differ sig-
nificantly with respect to satisfaction while performing light
household activities (p = 0.516) (Table III). However, at
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minimum 1-year follow-up, a significantly greater proportion
of those in the UKA group were “satisfied or very satisfied” with
their knee while performing light household activities (95%
compared with 82%; p = 0.001) (Fig. 1). Furthermore, Likert
scale satisfaction scores revealed a significantly greater pro-
portion of those in the UKA group were “satisfied or very
satisfied” with their knee replacement surgery at minimum
1-year follow-up (90% compared with 81%; p = 0.043) (Fig. 1)
(Table III).

Discussion
Arthroplasty surgeons rely on scientific evidence to make
sound decisions about the merits of various surgical
procedures. It remains somewhat controversial whether iso-
lated medial compartment osteoarthritis is best treated with
UKA or TKA, and to our knowledge, only 1 modern ran-
domized controlled trial comparing UKA and TKA suggests
that UKA should be the first choice for late-stage isolated
medial compartment osteoarthritis®. While that randomized
controlled trial provides the most robust and scientifically
sound data to date, the follow-up period of 5 years for a joint
replacement population could be argued to be less than ideal
because other medical issues and general age-related decline
unrelated to the joint replacement could influence PROM
surveys as these patients age further. Although it is important
that postoperative evaluation takes place at early, mid-, and
long-term follow-up, patients may have optimized function
and pain scores closer to a year after surgery, which may be the
optimal time point at which to compare PROM outcomes
between these cohorts. Other studies have attempted to com-
pare PROMs at earlier time points by matching TKA and UKA
cohorts radiographically; however, inherent bias remains in
these studies as the TKA and UKA groups differed preopera-
tively by radiographic osteoarthritis severity” and outcome
metrics obtained preoperatively™.

Admittedly, while a well-designed randomized controlled
trial remains the scientific gold standard for comparing surgical
treatment modalities in most scenarios, retrospective studies
with appropriately matched cohorts that minimize and account
for statistical confounding variables can provide valuable
information. The UKA and TKA cohorts in the current study
showed no significant differences in terms of demographics and
severity of osteoarthritis confirmed on preoperative radiographs
with the KL grading system (p = 0.158) (Tables I and II). Our
UKA cohort reported a higher satisfaction level in the perfor-
mance of light household activities (“satisfied or very satisfied,”
95%) and greater overall Likert satisfaction (90%) with their
knee replacement, consistent with the findings of a previous,
similar study”, which used the same satisfaction survey. The
authors found a significant difference in the proportion of
patients in the UKA cohort compared with the TKA cohort who
reported “satisfied or very satisfied” with their knee replacement
(86% compared with 71%). We also found that a significantly
greater proportion of patients in the UKA group than in the TKA
group were “satisfied or very satisfied” (90% compared with
81%; p = 0.043).
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In addition, in the current study, a significantly greater
proportion of patients in the UKA group compared with the
TKA group reported their knee pain as “slight or no bother” for
the functional activities of walking on an uneven surface and
getting up from a low couch or chair without arms, and could
walk for a longer amount of time before stopping due to knee
discomfort (p < 0.015). Our observations corroborate findings
from other institutions using different functional and activity
components of PROM surveys”*. Moreover, the UKA cohort
had a significantly higher mean UCLA activity-level score and
significantly lower mean scores for pain with level walking and
pain with climbing stairs or inclines at minimum 1-year follow-
up (p < 0.038); however, the minimal clinically important
difference (MCID) of 2 was not reached for these numerical
rating scales of pain and activity level®.

As noted, our findings are largely consistent with previ-
ous findings of improved functional and activity scores for
UKA compared with TKA™***. However, none of those pre-
vious comparative studies accounted for the severity of osteo-
arthritis when comparing UKA and TKA, enhancing the
reliability of our observations. Manzotti et al.”* were the first, to
our knowledge, to match patients undergoing manual-technique
UKA and robotic-assisted TKA by age, sex, preoperative range of
motion, and preoperative osteoarthritis severity using the Ahlback
classification”. However, although none of the preoperative
findings differed significantly, there were several trends toward
significant differences in the duration of latest follow-up, preop-
erative flexion, preoperative hip-knee-ankle angle, and preoper-
ative Knee Society total and functional component scores (p <
0.067), which could have influenced the postoperative findings®.
Recently, van der List et al.” conducted a study of UKA compared
with TKA in which they attempted to match patients by osteoar-
thritis severity; however, those who underwent manual-technique
TKA with computer-navigation assistance presented with signif-
icantly worse osteoarthritis in the medial and patellofemoral
compartments compared with patients in the robotic-assisted
UKA group. Despite the potential confounding preoperative
variables, both studies found significantly higher postoperative
function scores for UKA compared with TKA*?, similar to the
current study.

The data presented in our study should be considered in
the context of a historical study by Newman et al., who
performed a randomized controlled trial of UKA versus TKA
involving 102 patients'**. The authors randomized the patients
to either UKA or TKA after arthrotomy and, at 5-year follow-
up, reported significantly greater range of motion as well as
improved function and earlier discharge for the patients who
received a UKA®. The authors further reported the mainte-
nance of optimal outcomes and no greater failure rate for the
UKA group at the 15-year follow-up, despite the death of 43
patients (45 knees, 44%) prior to follow-up'. It is important to
consider that these 2 cohorts involve historical implants not
currently in use and a single outcome measure, the Bristol Knee
Score, that is potentially more blunt and less discerning with
regard to differentiating between UKA and TKA patients
compared with the modern PROMs used in the current study.
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While this study demonstrates superior early outcomes
for patients who underwent UKA compared with TKA, these
early advantages should be weighed against the ample registry
data that demonstrate significantly greater failure rates and
decreased survivorship for UKA compared with TKA"™*. From
the Finnish Arthroplasty Registry, the data of 4,713 patients
who underwent UKA and 83,511 who underwent TKA were
compared. The 10 and 15-year survivorship for UKA was
80.6% and 69.6% compared with 93.3% and 88.7% for TKA
at the respective follow-up intervals®. Using data from the
National Joint Registry for England and Wales, 25,334 UKAs
were propensity-matched to 75,996 TKAs. The UKA group
had worse implant survivorship for revision and revision/
reoperation, with a subhazard ratio of 2.12 and 1.38 at 8
years, respectively. However, length of stay as well as mor-
tality, complications, and readmission rates were greater for
TKA at all time points'®.

This study has limitations. First, the analysis was per-
formed in a retrospective manner; however, PROMs were
prospectively administered for both UKAs and TKAs by clinical
staff not directly involved in the study. Second, data reflect the
experience of a high-volume surgeon with extensive expe-
rience in knee arthroplasty procedures and therefore may
not be applicable to low-volume settings. Third, only
1 experienced rater graded preoperative radiographs for
osteoarthritis severity. Fourth, the outcomes reported in this
manuscript are minimum 1-year, and longer-term PROM
outcomes could change with respect to contralateral or
patellofemoral compartment deterioration. Further, the
clinical relevance of many significant findings found in this
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study remains unknown and warrant further study for
MCIDs of these measures.

Despite the limitations, the current study is one of the
first studies to compare modern PROMs in UKA and TKA
cohorts appropriately matched on demographics and preop-
erative osteoarthritis severity, making them equivalent candi-
dates for either TKA or UKA, and indicates that patients
suitable for either procedure will likely experience better early
outcomes with UKA. =
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