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Background: At least 760,000 outpatient meniscectomies are performed in the United States each year, making this the most
common musculoskeletal procedure. However, meniscal resection can alter the joint biomechanics and overload the articular
cartilage, which may contribute to degenerative changes and the need for knee replacement. Avoiding or delaying knee
replacement is particularly important in younger or more active patients. Synthetic meniscal implants have been developed in an
attempt to restore the natural joint biomechanics, alleviate pain and disability, and potentially minimize degenerative changes in
patients who require meniscectomy.

Purpose: To evaluate the preliminary results from 2 ongoing trials that are evaluating the safety and effectiveness of a synthetic
polymer meniscal implant (NUsurface; Active Implants, LLC).

Study Design: Cohort study; Level of evidence, 2.

Methods: This was a preliminary analysis of the first 100 patients enrolled across 2 studies for 12 months: a single-arm,
intervention-only study and a randomized controlled trial comparing the investigational meniscal implant with nonsurgical ther-
apy. There were 65 patients in the implant group (30 randomized) and 35 in the control group. Outcomes included Knee injury and
Osteoarthritis Outcome Score (KOOS) and adverse events (AEs) collected at baseline and follow-up visits of 6 weeks, 6 months,
and 12 months.

Results: No statistically significant differences were found in baseline characteristics between the implant and control
groups. At 12 months, follow-up KOOS data were available for 87% of the 100 included patients. Significantly greater
improvements from baseline were observed in the implant group compared with controls in all KOOS subcomponents,
except for symptoms (119%-177% greater improvement at 12 months). AEs were reported at similar rates between the 2
groups, with 12 AEs among 11 patients in the implant group (16.9%) versus 5 AEs among 5 patients (14.3%) in the control
group (P ¼ .99).

Conclusion: These preliminary results suggest significant improvements in pain and function scores with the implant over non-
surgical therapy and a similar adverse event rate.
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Meniscectomy is the most common outpatient musculoskel-
etal operation in the United States, with 760,000 proce-
dures performed annually as of 2010.19 At an average cost
of $3843 per procedure,4 this amounts to $2.9 billion per
year in direct health care costs. In general, meniscectomy
is effective at relieving pain and symptoms25; however,
patients who experience degenerative changes and worse
clinical outcomes may have mechanical factors associated
with altered joint biomechanics and overloading of the
articular cartilage.7,12,26,28 Studies have observed that
13% to 76% of patients with previous meniscectomy have

persistent or recurrent pain and symptoms, and 5% to 36%
are not satisfied with the outcome.8,20,38 These high rates
may reflect a need for more careful patient selection when
considering meniscectomy.2

After partial or total meniscectomy, the remaining treat-
ment options are very limited for patients with persistent
or recurrent pain. Current standards of care include non-
surgical interventions, such as intra-articular injections,
unloading braces, and physical therapy. Although some
patients respond to nonsurgical care, many seek surgery
to alleviate their pain and restore function, as evidenced
by 20% to 30% crossover from physical therapy to menis-
cectomy within 6 to 14 months.18,22,24

The general goal of surgery is to alleviate pain and symp-
toms and to restore function, but the current surgical options
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for patients who have had meniscectomy are significatly lim-
ited. Repeat meniscectomy further decreases the remain-
ing meniscal tissue. More extensive meniscal resection is
associated with increased contact pressure on the artic-
ular cartilage,16 worse patient-reported outcomes for
pain or function (eg, Lysholm score), and greater degen-
eration seen on radiographs.1,6,13,29,33 Meniscal allograft
transplantation is used to restore function by providing
mechanical support similar to that of the native menis-
cus, but the specific patient indications and surgeon
experience must be carefully considered.17 Allografts
also undergo remodeling after implantation, causing
shrinkage and reduced mechanical strength.30,31,40 By
10 and 20 years after transplant, allograft failure rates
exceed 25% and 60%, respectively, with the risk of fail-
ure 2.3 times greater in patients at least 35 years of
age.41 Finally, unicompartmental knee arthroplasty
(UKA) or total knee arthroplasty (TKA) is generally not
indicated in this population, considering that >80% of
patients who receive partial meniscectomy are younger
than 65 years.19 The lifetime risk of TKA revision
exceeds 35% for younger (<60 years) male patients and
15% to 20% for younger female patients.5 Considering
the limitations of each of these surgical approaches, an
apparent treatment gap exists for patients who are in
pain after meniscectomy and do not respond to nonsur-
gical care.

To address this treatment gap, a polymeric medial
meniscal implant was developed that closely mimics the
physical characteristics of the natural meniscus and has
been shown to dissipate peak contact stresses in the
meniscus-deficient knee through cadaveric stud-
ies.11,15,27,37,42 We hypothesized that this implant would
improve patient-reported outcomes of pain and function
when compared with those of a nonsurgical control
group. This cohort analysis examined the preliminary
results of 2 ongoing clinical trials that are evaluating the
safety and effectiveness of this polymeric medial menis-
cal implant in symptomatic patients who have had
meniscectomy.

METHODS

Study Design

This cohort analysis evaluated patients in the MERCURY
study group, which comprises a cohort of patients treated
with the meniscal implant (NUsurface Meniscus Implant;
Active Implants LLC) and a cohort treated with nonsurgi-
cal care. These patients are enrolled in 2 ongoing clinical
trials studying the meniscal implant. The “Verifying the
Effectiveness of the NUsurface System” study (VENUS;
ClinicalTrials.gov: NCT02108496) is a randomized con-
trolled clinical trial comparing the medial meniscal implant
(n ¼ 61) with nonsurgical care as the control (n ¼ 66). The
“Safety Using NUsurface” study (SUN; ClinicalTrials.gov:
NCT02483988) is a single-arm study examining the safety
and effectiveness of the medial meniscal implant (n ¼ 115).
For each study, institutional review board approval was
obtained from all study sites before recruitment of patients,
and patients gave written informed consent for participa-
tion before enrollment.

Patient Population

As noted, the VENUS trial is a prospective, randomized
controlled trial comparing the meniscal implant (interven-
tion) with nonsurgical therapy (control). The control group
treatment regimen included weight loss programs, activity
restrictions, bracing, physical therapy, drugs, cortisone
injections, and/or hyaluronic acid injections. In the VENUS
trial, eligible patients were randomized in a 1:1 ratio at 1 of
10 study sites, with no one site enrolling >35% of the total
number of patients. The SUN clinical trial is a single-arm
study using the identical device, methods of evaluation, and
follow-up times, but it does not have a control group. The 2
studies combined (MERCURY study group) have 8 common
inclusion criteria and 35 common exclusion criteria. The 8
common inclusion criteria and 6 of the most important
exclusion criteria are listed in Table 1. The VENUS trial
had 1 additional inclusion criterion that required a patient
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to be willing to be entered into either arm of the study
because of the randomized study design. The interested
reader is referred to ClinicalTrials.gov for the full list of
eligibility criteria. A total of 127 patients were enrolled in
VENUS between January 21, 2015, and June 12, 2018, and
115 were enrolled in SUN between May 19, 2016, and June
14, 2018. For this preliminary cohort analysis, the first 100
patients who were enrolled in either study for a period of 12
months were included. Analyses were carried out on an as-
treated basis.

Synthetic Polymer Meniscal Implant

The synthetic polymer meniscal implant (Figure 1) was
developed to treat patients with painful medial knee com-
partment meniscal deficiencies. The implant is composed of
2 biocompatible polymers: a polycarbonate-urethane
matrix, circumferentially reinforced with ultra high molec-
ular weight polyethylene fibers. The device is a flexible,
self-centering, nonanchored, discoid-shaped, composite
polymeric meniscal replacement implant that is placed
directly between the articular cartilage surfaces of the
medial femoral condyle and medial tibial plateau of the
knee. The implant is nonanchored and partially seated

within the intercondylar notch to improve stability during
translation over the tibial plateau, which preserves the nat-
ural range of motion and kinematics between the femur
and tibia. The synthetic polymer implant closely mimics the
biomechanical characteristics of the natural meniscus
regarding construction, stiffness, pressure distribution,
and hydrophilicity.15,27 The design’s incorporation of cir-
cumferential winding of ultra high molecular weight poly-
ethylene fibers within the polycarbonate-urethane matrix
mimics the radial mechanical construction and properties
of a healthy meniscus. These design features are intended
to help restore the natural biomechanical characteristics of
the knee joint by alleviating the excessive loads and non-
physiological pressure distributions on the articular carti-
lage that are associated with a meniscus-deficient knee
joint.11,15,27,37

During surgery, trial implants are available to help the
surgeon intraoperatively select the best fit and final
implant size for each patient. The trial and the final
implant are available in 7 sizes, for both the left and the
right knees. The use of the meniscal implant has been
described in detail previously.14,15,27 In brief, the surgical
technique is as follows: After first performing an arthro-
scopic approach to the medial meniscus, the surgeon per-
forms a subtotal meniscectomy, leaving a 2- to 4-mm rim. A
careful notchplasty of any osteophytes on the lateral wall of
the medial femoral condyle is performed to avoid impinge-
ment on the implant. A minimal arthrotomy allows for
insertion of the sizing trials and the final implant, which
is positioned between the medial tibial and femoral articu-
lar cartilage surfaces (Figure 2).

A suggested rehabilitation program was prospectively
described in the study protocols. In the implant group, a
locking straight-leg knee immobilizer was used during the
first 1 week after surgery, and patients were allowed to
bear weight as tolerated with a cane or crutches. The
patient was instructed to remove the immobilizer for
active range of motion exercise 3 or 4 times daily during
the first week. Range of motion exercises were progressed
during the second week, and the patient was allowed full

TABLE 1
Major Inclusion and Exclusion Criteria for the 2 Clinical Studiesa

Inclusion Criteria Exclusion Criteria

� Previous medial meniscectomy as confirmed by diagnostic
magnetic resonance imaging and patient history at least 6 months
before the start of study treatment

� Pain score �75 on the Knee injury and Osteoarthritis Outcome
Score, with 100 being normal

� �2 mm intact meniscal rim and capable of receiving NUsurface
device, if used

� Age between 30 and 75 years at the start of study treatment
� Neutral alignment ±5� of the mechanical axis
� Willing and able to follow the study protocol
� Able to understand and willing and able to sign the informed

consent form
� Able to read and understand English

� Evidence of Outerbridge grade IV articular cartilage loss on the
medial tibial plateau or femoral condyle that could contact the
NUsurface implant (eg, a focal lesion >0.5 cm2)

� Varus/valgus knee deformity >5�

� Knee laxity level>II on the International Cartilage Repair Society
evaluation, secondary to previous injury of the anterior cruciate
ligament, posterior cruciate ligament, lateral collateral ligament,
and/or medial collateral ligament

� Patellar compartment pain and/or patellar articular cartilage
damage >grade II

� Anterior cruciate ligament reconstruction performed <9 months
before implantation of NUsurface implant

� Excessive obesity (body mass index >32.5)

aNUsurface Meniscus Implant; Active Implants, LLC.

Figure 1. Synthetic polymer meniscal implant (NUsurface
Meniscus Implant; Active Implants, LLC).
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weightbearing without assistance, as tolerated.
Strengthening exercises, particularly for the quadriceps,
were prescribed throughout the rehabilitation protocol.
Closed kinetic chain exercises were permitted beyond 2
weeks, and open kinetic chain exercises were permitted
beyond 6 weeks. Return to contact sports or other exces-
sive loading activities (eg, running or soccer) was not
recommended for participants in either the implant or
control group.

Outcomes

Primary outcomes for this preliminary analysis were the
baseline, 1.5-month, 6-month, and 12-month scores on each
of the 5 separately scored subscales of the Knee injury
Osteoarthritis Outcomes Score (KOOS): Pain, Symptoms,
Activities of Daily Living (ADL), Sports and Recreation,
and Quality of Life (QOL). The KOOS is recognized as a
reliable and responsive instrument for measuring patient-
reported changes in pain and function and has been vali-
dated for multiple surgical operations of the knee, including
meniscectomy, anterior cruciate ligament reconstruction,
and TKA.35,36 Secondary outcomes included adverse events
(AEs) through 12 months of follow-up. AE data are cur-
rently unaudited and pending adjudication by the principal
investigator upon study completion. Additional data col-
lected at baseline included descriptive data, such as age,
sex, body mass index, laterality, and time since previous
meniscectomy.

Statistical Analysis

At baseline, continuous variables were compared between
the treatment groups by use of unpaired t test or Mann-
Whitney test, and categorical data were analyzed using the
Fisher exact test. The frequencies of patients experiencing
an adverse event were also compared by use of the Fisher
exact test.

Two analyses were performed to evaluate follow-up
scores for each of the KOOS subscales: (1) whether the
change from baseline was significant at each follow-up

within each treatment group and (2) whether there was a
significantly different change from baseline between the 2
groups at each follow-up. Repeated-measures 2-way analy-
sis of variance (ANOVA) was used to make comparisons in
the KOOS over time. The Sidak multiple comparison test
was used to analyze differences between baseline and each
follow-up time point within each group. When values were
missing, a mixed effects model was fit through use of the
restricted maximum likelihood method. The change in
KOOS from baseline to each follow-up was calculated for
each patient, and a second repeated-measures 2-way
ANOVA or a mixed effects model was used to evaluate the
difference in score change at each timepoint between the 2
treatment groups. The Sidak multiple comparison test was
used to analyze differences between treatment groups at
each time point. Data were confirmed to follow a normal
distribution through use of the D’Agostino and Pearson
normality test. For all comparisons, statistical significance
was accepted at an alpha level of .05. Statistical analyses
were performed using GraphPad Prism Version 7.0 (Graph-
Pad Software).

Figure 2. Fluoroscopic images demonstrating the position of the implant from the (A) coronal view in extension and the sagittal view
in (B) extension and (C) deep flexion. Arrows indicate the meniscal implant.

TABLE 2
Summary of Baseline Descriptive Dataa

Implant
Group

Control
Group

P
Value

No. of patients treated 65 35
Age, y 48.7 (30-69) 48.1 (31-67) .77
Sex, % male 63.1 74.3 .28
Index knee, % left 53.8 57.1 .83
Body mass index, kg/m2 27.0 (20.4-32.5) 26.4 (19.1-32.3) .42
Baseline KOOS

Pain score
51.4 (19.4-75) 56.4 (25-75) .08

Median time since last
meniscectomy, mo

40 (7-350) 28 (5-430) .09

aData are displayed as mean (range) unless otherwise noted.
KOOS, Knee injury and Osteoarthritis Outcome Score.
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RESULTS

Study Population and Descriptive Data

A total of 18 sites are participating in the VENUS and
SUN studies. For this early cohort analysis, 65 patients
(30 implant, 35 control) were included from the VENUS
trial and 35 patients were included from the SUN trial,
which represents the first 100 patients enrolled across
both trials. The descriptive data for each of these cohorts
are summarized in Table 2. No statistically significant
differences were observed between the 2 treatment groups
for any descriptive or baseline outcomes, including the
time between the initial meniscectomy and study enroll-
ment. Baseline subgroup analysis of the randomized and
nonrandomized implant subgroups revealed a signifi-
cantly higher proportion of male patients in the random-
ized subgroup (76.7% vs 51.4%; P ¼ .04), but all other
baseline characteristics were not significantly different
between the 2 implant subgroups.

In the nonsurgical control group, the most common
primary treatment consisted of assistive devices such as
braces, compression sleeves, crutches, or canes (49%)
(Table 3). Nonweightbearing exercises (46%) or hyaluronic
acid injections (43%) were also common primary interven-
tions. The majority of patients (83%) were treated with >1
therapeutic approach and had subsequent interventions for
ongoing symptoms during the first 1 year. The most com-
mon follow-up interventions were hyaluronic acid injection
(46%), followed by the use of braces, compression sleeves,
crutches, or canes (41%).

Patient Follow-up

Among the 100 included patients, 12-month follow-up KOOS
data were available for 60 patients in the implant group and

27 patients in the control group (87 total; 87%). A total of 5
patients from the implant group did not have 12-month
KOOS data. Further, 3 (4.6%) of those patients exited the
study because of device removal, and 2 (3%) patients missed
the 12-month reporting window. In the control group, 5
(14.3%) patients exited the study because a surgical interven-
tion was required, 2 (5.7%) were lost to follow-up, and 1 (2.9%)
withdrew from the study (Figure 3).

KOOS Values

Pain. Significant improvements over baseline were
observed in KOOS Pain values at the 6- and 12-month
follow-ups in both the implant group (6 months mean dif-
ference [MD]: 24.9, P < .0001; 12 months MD: 30.4, P <
.001) and the control group (6 months MD: 8.7, P ¼ .007; 12
months MD: 13.9, P < .001). The magnitudes of these
improvements were significantly greater in the implant
group, by 186% and 119% at 6 and 12 months, respectively
(P < .01) (Figure 4).

Symptoms. The implant group had significantly
improved KOOS Symptoms over baseline at both 6-month
(MD: 8.7; P¼ .001) and 12-month follow-ups (MD: 16.1; P<
.0001) after an initial significant decline at 1.5 months dur-
ing the postsurgical recovery period (MD: –13.2; P< .0001).
In the control group, changes in KOOS Symptoms from
baseline were statistically significant by 12 months (MD:
8.0; P ¼ .04). Aside from the temporary decline in KOOS
Symptoms during the postsurgical recovery period in the
implant group, the magnitude of KOOS Symptoms
improvement was not significantly different from that of
controls (Figure 5).

Activities of Daily Living. At both 6- and 12-month
follow-ups, statistically significant improvements over
baseline for KOOS ADL were observed in both the implant
group (6 months MD: 23.2, P < .0001; 12 months MD: 26.5,
P < .0001) and control group (6 months MD: 8.1, P¼ .08; 12
months MD: 11.2, P ¼ .02). The magnitudes of these
improvements were significantly greater in the implant
group compared with the control group, by 186% (P ¼
.006) and 137% (P ¼ .005) at 6 months and 12 months,
respectively (Figure 6).

Sports and Recreation. At the 6- and 12-month follow-
ups, significant improvements over baseline for KOOS
Sports and Recreation were observed in the implant group
(6 months MD: 28.9, P < .0001; 12 months MD: 34.6, P <
.0001), but changes from baseline in the control group were
not statistically significant (6 months MD: 8.5, P ¼ .19; 12
months MD: 12.5, P ¼ .07). The magnitude of these
improvements from baseline was significantly greater in
the implant group compared with the control group, by
240% (P ¼ .004) and 177% (P ¼ .007) at 6 and 12 months,
respectively (Figure 7).

Quality of Life. Significant improvements in KOOS QOL
over baseline were observed at all follow-up timepoints in
the implant group (P< .001), and these improvements were
significantly greater than those experienced by partici-
pants in the control group, by 254% and 159% at 6 and 12
months, respectively (P < .001) (Figure 8).

TABLE 3
Summary of Nonsurgical Therapies Used in

the Control Groupa

Nonsurgical Control Treatment
Primary

Intervention
Subsequent

Intervention(s)

Intra-articular corticosteroid
injection

6 (17) 7 (19)

Intra-articular hyaluronic acid
injection

15 (43) 17 (46)

Nonprescription drugs, creams,
vitamins, or supplements

7 (20) 8 (22)

Prescription or nonprescription
NSAIDs

11 (31) 11 (30)

Nonweightbearing exercises 16 (46) 2 (5)
Ice or heat therapy 11 (31) 6 (16)
Compression sleeves, braces,

crutches, or canes
17 (49) 15 (41)

Body weight reduction 3 (9) 1 (3)
Limitation in activities 12 (34) 5 (14)
Shoe insertsorother orthoticdevices 2 (6) 4 (11)

aValues are expressed as n (%) (number of patients [frequency per
population]). NSAID, nonsteroidal anti-inflammatory drug.
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Adverse Events and Subsequent Surgical
Procedures

By 12 months of follow-up, patients experienced an AE or
subsequent surgical procedure at a rate of 16.9% in the
implant group (12 AEs in 11 patients) and 14.3% in the
control group (5 AEs in 5 patients; P ¼ .99). There were
11 subsequent surgical procedures in 10 participants in the
implant group (15.4%) and 5 in the control group (14.3%;
P ¼ .99) (Table 4). In the implant group, 3 patients (4.6%)
required device replacement and 3 (4.6%) underwent per-
manent removal of the implant, with only 1 of those 3
patients progressing to a UKA. There was no incidence of
death in either treatment group.

We noted that 2 patients in the implant group required
device repositioning after posterior dislocation of the device.
After repositioning, both patients experienced immediate
symptom relief and recovered without additional sequelae.
A similar scenario occurred in a third patient; however, that

patient later required a device replacement because of abra-
sion of the device. Among the 2 other patients who required
device replacement, 1 device was replaced because of a sus-
pected infection, which was unconfirmed upon culture, and
the other was replaced because of abrasion of the device. In
each case where the implant was repositioned or replaced,
the state of the articular cartilage was deemed to have met
the study eligibility criteria.

In 3 other patients, the device was permanently
removed. In 1 patient, the removal was because of exces-
sive abrasion (ie, abrasion greater than superficial mark-
ing) of the device and device failure associated with a
trauma. In the second patient, a vertical osteophyte and
grade IV Outerbridge lesion were observed in the articular
cartilage, which likely contributed to severe abrasion of
the device. The third patient experienced a partial (grade
II) medial collateral ligament tear, which may have com-
promised the stability of the joint, and ultimately under-
went UKA.

Assessed for eligibility (n=336)

Excluded (n=186)
• Not meeting inclusion criteria (n=177)
• Declined to participate (n=9)
• Other reasons (n=0) 

Randomized (n=150)

Allocated to control  (n=73)
• Received control therapy (n=66)
• Did not receive control (n=7)

• Withdrew from study (n=7) 

Allocated to implant  (n=77)
• Received implant (n=61)
• Did not receive implant (n=16)

• Withdrew from study (n=8)
• Intra-op exclusion (n=8) 

noitacollA

Passed 12-mo time point (n=35)
• Lost to follow-up (n=2)
• Discontinued intervention (n=5)
• Withdrew from study (n=1)
Not passed 12-mo follow-up (n=31)

Passed 12-mo time point (n=30)
• Lost to follow-up (n=1)
• Discontinued intervention (n=2)

• Device removal (n=2)
Not passed 12-mo follow-up (n=31)

wolloF
-u

p

Analyzed (n=27)
• Excluded from analysis (n=0)

VENUS Study

Assessed for eligibility (n=372)

SUN Study

Excluded (n=238)
• Not meeting inclusion criteria (n=229)
• Declined to participate (n=9)
• Other reasons (n=0) 

Allocated to implant  (n=134)
• Received implant (n=115)
• Did not receive implant (n=19)

• Intra-op exclusion (n=19) 

Passed 12-mo time point (n=35)
• Lost to follow-up (n=1)
• Discontinued intervention (n=1)

• Device removal (n=1)
Not passed 12-mo follow-up (n=80)

Analyzed (n=60)
• Randomized (n=27)
• Non-randomized (n=33)
• Excluded from analysis (n=0)

sis ylanA
tne

mllornE

Figure 3. Patient flow diagram for inclusion in this preliminary analysis. Intra-op, intraoperative.
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In the control group, the 5 surgical interventions included
1 UKA; 1 high tibial osteotomy; 1 osteochondral allograft; 1
posterolateral corner reconstruction; and 1 arthroscopy
that included chondroplasty of the medial femoral con-
dyle, medial partial meniscectomy for a complex flap
tear, and minor synovectomy in the patellofemoral joint.

DISCUSSION

Patients who experience persistent or recurrent pain after
meniscectomy have limited options for further treatment.

The standard of care in these patients is nonsurgical ther-
apy, which may alleviate patients’ symptoms but does not
address the underlying disease state, leaving patients at
risk for degenerative changes and subsequent arthroplasty
in the meniscus-deficient knee.34 This study focused on the
utility of a polymeric medial meniscal replacement for alle-
viating pain and restoring function compared with nonsur-
gical management.

In all KOOS subscales except for the Symptoms sub-
scale, significantly greater improvement was seen in the
implant group compared with the control group. Transient

Figure 5. Summary of Knee injury and Osteoarthritis Out-
come Score (KOOS) for Symptoms improvement. More pos-
itive scores indicate better improvements. Data points
represent the mean, and error bars represent 95% CIs. A
20-point change denotes clinically significant improvement.9

***P < .001 for implant group vs control group. P values were
adjusted to correct for comparisons at multiple time points.

Figure 6. Summary of Knee injury and Osteoarthritis Out-
come Score (KOOS) for Activities of Daily Living improve-
ment. More positive scores indicate better improvements.
Data points represent the mean, and error bars represent
95% CIs. A 20-point change denotes clinically significant
improvement.9 **P < .01 for implant group vs control group.
P values were adjusted to correct for comparisons at multiple
time points.

Figure 7. Summary of Knee injury and Osteoarthritis Out-
come Score (KOOS) for Sports and Recreation (Rec)
improvement. More positive scores indicate better improve-
ments. Data points represent the mean, and error bars rep-
resent 95% CIs. A 20-point change denotes clinically
significant improvement.9 **P < .01 for implant group vs con-
trol group. P values were adjusted to correct for comparisons
at multiple time points.

Figure 4. Summary of Knee injury and Osteoarthritis Out-
come Score (KOOS) for Pain improvement. More positive
scores indicate better improvements. Data points represent
the mean, and error bars represent 95% CIs. A 20-point
change denotes clinically significant improvement.9 ***P <
.001 and **P < .01 for implant group vs control group. P
values were adjusted to correct for comparisons at multiple
time points.
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worsening of Symptoms subscale scores was observed dur-
ing the early postoperative period (1.5 months after sur-
gery) in the implant group, which is likely related to the
recovery time from the surgery itself and physiological
adjustment to the implant. After the surgical recovery
period, scores in the implant group significantly improved

by the 6-month follow-up. We found that 4 of the 5 KOOS
subscales had average improvements exceeding 20 points
in the implant group at the 12-month follow-up, which is
clinically significant.9

None of the AEs found at the 12-month follow-up were
unanticipated because they were consistent with the AEs
previously documented in the literature.21,24 Device
removal or replacement was required in 6 patients, attrib-
utable to abrasion of the implant in 5 patients and sus-
pected infection in 1 patient. In 4 of the patients, the
abrasion occurred where the lateral wall of the implant met
the intercondylar notch. The abrasion on the implant was
likely due to insufficient preparation of the notch (eg, fail-
ure to remove osteophytes that may interfere with the
device), suboptimal implant size selection, trauma, or
excessive patient activity. In the fifth patient, the abrasion
was located anteromedially on the implant and was associ-
ated with a vertical osteophyte located at a grade IV chon-
dral lesion. Evolving the surgical technique as experience
increases is an important component of all new procedures
and devices. For this meniscal replacement, sufficient
notchplasty is important to reduce the risk of impingement
and excessive abrasion of the device.

Device-related complications were addressable through
repositioning or replacement of the device. A low rate of
patients progressing to UKA was observed in the implant
group (1/65; 1.5%) and the control group (1/35; 2.9%). Katz
et al24 reported a 12-month rate of progression to TKA of
2.9% in patients who underwent partial meniscectomy.
Rongen et al34 reported that 18.8% of patients who under-
went arthroscopic meniscectomy progressed to TKA during
a 108-month follow-up.

The patients in the current study represent a “middle-
aged” population (mean age, 48.5 years; range, 30-69 years)
with chronic pain after a past meniscectomy (median, 40
months postoperative). Aside from nonsurgical care, cur-
rent treatment options for these patients may include
meniscal allograft transplant, a collagen or polyurethane
meniscal scaffold, UKA, or TKA. Meniscal allograft trans-
plant has tight indications and high failure rates, particu-
larly in patients older than 35 years.41 Collagen or
polyurethane meniscal scaffolds likely have similar restric-
tions on indications, cannot be used as a full meniscal
replacement, lack high-quality data, and have failure rates
of 32% over 5 years.23 These options are far from ideal for
the majority of patients in this cohort. Due to the chronicity
of pain and symptoms, these patients may turn to arthro-
plasty in the absence of other viable surgical treatments.
However, the lifetime risk of TKA revision is 15% to 35% for
younger (<60 years) patients.5 In contrast to arthroplasty,
which is an end-stage intervention, the meniscal implant
procedure does not preclude removal of the device or limit
subsequent surgical interventions, if necessary. Therefore,
this implant may serve as a therapy for bridging the gap
between partial meniscectomy and arthroplasty in indi-
cated patients.

The UniSpacer system (Zimmer, Inc) is a cobalt-chrome
self-centering tibial implant for treatment of similar
patients. However, failure rates with conversion to TKA
were 33% to 35% within 2.5 years.3,10,32,39 Although the

Figure 8. Summary of Knee injury and Osteoarthritis Out-
come Score (KOOS) for Qualify of Life improvement. More
positive scores indicate better improvements. Data points
represent the mean, and error bars represent 95% CIs. A
20-point change denotes clinically significant improvement.9

****P < .0001 and ***P < .001 for implant group vs control
group. P values were adjusted to correct for comparisons at
multiple time points.

TABLE 4
Adverse Events or Subsequent Surgical Interventions

During the 12-Month Follow-upa

Implant
Group

(n ¼ 65)

Control
Group

(n ¼ 35) P

Unplanned arthroscopy 2 (3.1) 1 (2.9) .99
Deep vein thrombosis 1 (1.5) 0 .99
Device repositioning 3 (4.6) NA NA
Device replacement 2 (3.1) NA NA
Suspected infection and device

replacement
1 (1.5) NA NA

Permanent device removal 2 (3.1) NA NA
Unilateral knee arthroplastyb 1 (1.5) 1 (2.9) .99
Other surgeryc 0 3 (8.6) .04
Total AEs 12 (18.5) 5 (14.3) —d

Total patients with at least 1 AE 11 (16.9) 5 (14.3) .99

aValues are expressed as n (%) (number of patients [frequency
per population]). No patient experienced any AE more than once.
One patient in the implant group experienced both a repositioning
and a replacement. AE, adverse event; NA, not applicable.

bIn the implant group, arthroplasty also required device
removal.

cOther surgeries included 1 high tibial osteotomy, 1 osteochon-
dral allograft, and 1 posterolateral corner reconstruction in the
control group.

dP value for total events was not calculated because only 1
patient experienced >1 event.
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UniSpacer and NUsurface are both single-component, uni-
condylar, self-centering devices for the medial compart-
ment, key differences exist. First, the soft material nature
of the polymeric composition of NUsurface mimics the
properties of the native meniscus, enabling high confor-
mity and distributed contact pressures27 compared with
those of the rigid, metal construction of the UniSpacer.
Second, the surgical technique for the UniSpacer requires
total meniscectomy along with complete removal of the
posterior horn and trimming of the articular cartilage to
allow free translation of the rigid device.3 In contrast, the
NUsurface device can be used after partial meniscectomy,
and the articular cartilage can be left intact, with the
exception of osteophyte debridement. Third, the current
evidence suggests a low rate of conversion to arthroplasty
for the NUsurface, but complete 2-year data from the
VENUS and SUN trials will be important to corroborate
these preliminary findings. In comparison with the natu-
ral meniscus, NUsurface provides similar load distribu-
tions and contact pressures15,27 but achieves this
functionality through free translation without attachment
to the tibial plateau.

This is a preliminary analysis based on the first 100
patients of a 242-patient study at a preliminary timepoint.
Such preliminary analyses are important to ensure that
patients are not being exposed to unanticipated AEs or
undergoing surgical interventions that are unlikely to be
of benefit. We noted differences in the proportion of male
patients between the randomized and nonrandomized
implant subgroups within these first 100 patients, but no
significant differences were found between the pooled
implant group and the control group. Additional analyses
with the full set of patients will be important to confirm
poolability of the study populations and comparison with
the randomized control group.

CONCLUSION

The preliminary clinical findings of this analysis suggest
statistically and clinically significant improvements in 4
of 5 KOOS subscales in patients who received the synthetic
meniscal implant compared with nonsurgical controls and
a similar rate of AEs or subsequent surgical procedures.
Although these preliminary results are encouraging, the
studies are ongoing, and further data analyses of the full
patient population at the primary 2-year endpoint will be
important for more definitive conclusions. Whether menis-
cal function is lost through acute trauma or chronic degen-
eration, restoring the meniscal function is key for
alleviating pain, improving function, and enhancing long-
term health of the knee.
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