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Background: Current treatments for focal chondral and osteochondral lesions of the femoral condyle have been as-
sociated with variable outcomes. We conducted a clinical trial of the BioPoly RS Partial Resurfacing Knee Implant to
address this unmet need.

Methods: We performed a single-arm, prospective study in which 33 patients with focal cartilage lesions affecting the femoral
condyle were managed with the BioPoly RS Partial Resurfacing Knee Implant. Knee injury and Osteoarthritis Outcome Score
(KOOS) scores, a visual analog scale (VAS) for pain, theShort Form-36 (SF-36) physical component score , and the Tegner activity
score were used to assess outcomes preoperatively and at 6months, 1 year, and 2 years postoperatively. The KOOS outcomes
at 2 years were compared with historical outcomes following microfracture treatment.

Results: We found significant and clinically meaningful improvements in the KOOS scores, VAS pain score, and SF-36
physical component score (p < 0.025) when the values at all 3 postoperative time points were compared with the
preoperative scores, and we also found significant improvements when the Tegner activity score at 2 years was compared
with the preoperative score (p < 0.025). More than half of the cohort of patients had had a previous failure of cartilage-
repair procedures. No significant differences were detected between younger patients (£40 years) and older patients (>40
years). When compared with historical microfracture data, the BioPoly RS Implant demonstrated significantly superior
KOOS scores for quality of life and sports.

Conclusions: The present study indicated that the BioPoly RS Partial Resurfacing Knee Implant is safe, that it resulted in
significantly improved knee function by 6 months, and that this improvement was sustained for 2 years regardless of
patient age. The BioPoly RS Knee Implant allows return to a higher level of sporting activity than microfracture. Additional
long-term follow-up is needed to determine the long-term effects of the device.

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

F
ocal chondral and osteochondral defects of the knee pre-
sent a common, challenging clinical problem that can
negatively impact quality of life to the same degree as severe

osteoarthritis1. Knee arthroscopy has shown cartilage lesions to

be common, with the medial femoral condyle and the patella
being the most frequently affected locations2-4. Cartilage defects
have limited self-healing capacity, and the natural history com-
monly results in osteoarthritis5. Osteoarthritis of the knee can be
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disabling6 and can result in a large economic burden due to both
direct costs (e.g., hospital stay and insurance expenditure) and
indirect costs (e.g., lost productivity and early retirement)7.

While current late-stage treatments for cartilage defects in
the knee (i.e., total or partial knee arthroplasty) have provided
consistent, positive outcomes for elderly patients8, their use in
patients <55 years of age has become controversial because of
concerns regarding implant longevity9-12. As a result, biological
treatments such as microfracture, the osteochondral autograft
transfer system (OATS), autologous chondrocyte implantation
(ACI), and matrix-induced ACI (MACI) are used in active
younger andmiddle-aged patients13.Most of these treatments have
not demonstrated sustainable, consistent results14-16, and some
require long postoperative rehabilitation17. In addition, the mag-
nitude of the positive impact of biological treatments appears to

significantly decrease with increasing patient age and when used
for revision after the failure of previous biological treatments18-23.

The BioPoly RS Partial Resurfacing Knee Implant was
developed as an early intervention and treatment for patients
with cartilage lesions who want to delay or eliminate the need
for total or partial arthroplasty and quickly return to full ac-
tivity. BioPoly is a biosynthetic implant that is manufactured
from a combination of ultra-high molecular weight polyeth-
ylene and a hydrophilic lubricating molecule (hyaluronic acid)
that is designed to be less dependent on patient biology and to
require less rehabilitation time, with less bone resection in
comparison with partial or total arthroplasty.

The objectives of the present study were (1) to assess
clinical outcomes and complications after treatment with the
BioPoly Knee Implant and (2) to compare clinical outcomes

Fig. 1

Fig 1-A Intraoperative photograph made during the implantation of a BioPoly RS Partial Resurfacing Knee Implant in the femoral condyle. Fig. 1-B

Photograph showing the different sizes of the BioPoly RS Partial Resurfacing Knee Implant.

TABLE I Inclusion and Exclusion Criteria

Inclusion Criteria* Exclusion Criteria

d Age 21 years and older

d Symptomatic femoral condyle lesions classified as ICRS grade 2,
3, or 436

d Femoral condyle lesion size £3.1 cm2 circumscribed by normal or
nearly-normal (ICRS grade-0 or 1) cartilage with an overall depth
£4 mm from the articulating surface

d Sufficient subchondral bone quality to support implant

d Understanding and willingness to comply with postoperative
rehabilitation instructions and follow-up visits

d Body mass index (BMI) ‡30 kg/m2

d Generalized degenerative or autoimmune arthritis

d Gout

d Uncorrected chronic malalignment of the knee†

d Uncorrected ligamentous instability†

d Uncorrected mechanically symptomatic meniscal tear or total
meniscectomy†

d Kissing lesion on tibia

d >1 implant required to accommodate lesion

d Patient-reported allergy to titanium alloy (Ti-6Al-4V), ultra-high
molecular weight polyethylene (UHMWPE), or hyaluronan/
hyaluronic acid (HA)

d Use with opposing articulating tibial components

d Any concomitant painful or disabling disease of the spine, hips, or
lower limbs that would interferewith evaluation of the affected knee

d Pregnant, prisoner, vulnerable population, unable to provide
informed consent

*ICRS = International Cartilage Repair Society. †If corrected during surgery, BioPoly implantation was not excluded.
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after such treatment with those after treatment with micro-
fracture as reported in the historical literature.

Materials and Methods

We designed a multi-center, single-arm, historically controlled clinical in-
vestigation for the purposes of (1) comparing clinical outcomes between

the BioPoly RS Knee Implant and microfracture (based on historical literature)
and (2) comparing the postoperative clinical outcomes with preoperative findings.
The primary end points were Knee injury and Osteoarthritis Outcome Score
(KOOS)

24
overall score and subscores, a visual analog scale (VAS)

25
score for pain,

the Short Form-36 (SF-36)
26
physical component score, and the Tegner activity

27

score at 2 years. While the focus of this interim report is current patient outcomes
at 2-year follow-up, patients will eventually be followed to 5 years.

The study was conducted at 5 centers in the United Kingdom, and Good
Clinical Practice guidelines were followed. With the level of significance estab-
lished at p < 0.025 and power set at 0.90, the number of patients required for study
enrollment was determined to be 35 in order to demonstrate noninferiority with
the mean 18-month KOOS quality-of-life score of a historical microfracture
control with an anticipated similar patient population

28
. In order to make valid

comparisons with the results for historical microfracture controls, a literature
reviewwas conductedwith use of specific keywords and the identified articles were
evaluated for suitability with use of a methodological grading system. Forty-five
articles were identified on the basis of the literature review, and these articles were
graded according to the level of evidence, comparability of KOOS data, and
similarity to the current study in terms of follow-up and inclusion/exclusion
criteria. With use of this system, 4 sources of microfracture data were identified as
appropriate for use as historical controls

21,28-30
. Informed consent was obtained for

all patients, and the clinical protocol and informed consent were approved by the
Cambridge Central Research Ethics Committee (REC11/EE/0256). Patients with
symptomatic focal cartilage defects on the weight-bearing region of the medial or
lateral femoral condyle were enrolled according to specific inclusion and exclusion
criteria (Table I).

Prior to the preoperative visit, an arthroscopic examination and mag-
netic resonance imaging (MRI) were conducted for each patient to evaluate and
measure the defect. At the preoperative visit, the medical history was recorded
and the patient was evaluated with use of the KOOS, VAS pain score, SF-36, and
Tegner activity score. In addition, radiographs were taken. At the time of sur-
gery, International Knee Documentation Committee (IKDC) surgical docu-
mentation forms were completed. Follow-up visits were conducted at 6
months, 1 year, and 2 years, at which times patient outcomes and radiographs
were obtained.

The approved surgical technique for the BioPoly RS Partial Resurfacing
Knee Implant was used in order to ensure that each implant was properly
prepared and placed (Fig. 1). The implantation site was prepared with use of a
simple, bone-sparing technique that establishes the correct implant orientation
and depth relative to surrounding anatomy. Once the implantation site was
deemed appropriate, the BioPoly implant was press-fit into the site. The BioPoly
RS Partial Resurfacing Knee Implant is a microcomposite of ultra-high molec-
ular weight polyethylene and hyaluronic acid that is overmolded onto a grit-
blasted titanium-alloy stem. Three sizes (15-mm diameter, 20-mm diameter,
and 15 · 24-mm racetrack-shaped) were used in the present study (Fig. 1), and
the device was intended to articulate with tibial cartilage and the meniscus.

A 4-phase rehabilitation protocol that was designed to return patients to
full activity quickly was used (see Appendix). The protocol allowed immediate
weight-bearing and unrestricted range of motion as tolerated. This protocol
differed from the suggested rehabilitation protocols for microfracture or other
biological treatments, which often recommend return to full activity 6 to 8
months postoperatively

16
.

Each clinical outcome score at 6 months, 1 year, and 2 years was
compared with its preoperative value, and 2-sample, 1-tailed t tests (a = 0.025)

TABLE II Patient Characteristics

No. of patients 33

Age* (yr) 42.7 ± 11.6

Age £40 years (no. of patients) 13 (39.4%)

Previous knee surgery (no. of patients) 25 (75.8%)

Cartilage repair† (no. of patients) 19 (57.6%)

Other‡ (no. of patients) 15 (45.5%)

Contralateral knee status normal/nearly
normal (no. of patients)

21 (63.6%)

Body mass index* (kg/m2) 26.7 ± 3.8

Defect size*§ (cm2) 2.7 ± 0.6

Involved knee (right/left) 39.4%/60.6%

Involved compartment (medial/lateral) 75.8%/24.2%

Type of injury (no. of patients)

Nontraumatic, gradual 13 (39.4%)

Traumatic, noncontact 8 (24.2%)

Traumatic, contact 6 (18.2%)

Activity at injury (activities of daily
living/sports)

33.3%/33.3%

*The values are given as the mean and the standard deviation.
†Including microfracture, ACI, MACI, and OATS. In addition, 9
patients had other knee surgery. ‡Other knee surgery includes
meniscal, ligamentous, patellofemoral surgery, or cartilage-
shaving surgery. §Defect size after debridement and implant
preparation.

Fig. 2

Flowchart detailing patient enrollment and follow-up.
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were used to examine for significant differences. Age-related differences were
also investigated with 2-sample, 2-tailed t tests for the overall KOOS score, the
SF-36 physical component score, and the VAS pain score (a = 0.05). KOOS
clinical outcome scores were compared with those in 4 recent microfracture
studies

21,28-30
with use of 2-sample, 1-tailed t tests (a = 0.025), and KOOS

quality-of-life outcome scores were compared with those in 1 of the studies
28

with use of a noninferiority test (margin = 10, a = 0.025) as established in the
protocol. Any missing data were queried and resolved.

Patient Population
A total of 40 patients were enrolled and screened over 3 years (Fig. 2). Five
patients were withdrawn before surgery because of failed screening or patient
withdrawal. Two patients were withdrawn during surgery but before im-
plantation of the BioPoly device. The first patient was withdrawn because of a
tibial kissing lesion, and the second was withdrawn because of a larger-than-
expected cartilage lesion. Within the treated group, 2 patients were with-
drawn before 6 months because of protocol deviations. The first patient was
withdrawn because of an existing spinal tumor that was not disclosed when
the patient answered exclusion criteria screening questions before surgery,
and the second patient was withdrawn because 2 implantations were per-
formed in the same knee (in the medial and lateral condyles) within a period
of 3 months.

In the treated population, approximately 30% required the 15-mm
implant, 35% required the 20-mm implant, and 35% required the 15 · 24-mm
implant. Themean age of the patients was 42.7 years (range, 22 to 65 years), and
the intraoperative defect sizes ranged from 0.6 to 3.1 cm2. Interestingly, the
majority (58%) of the cohort had had previous cartilage-repair surgery. No
patient required corrective procedures during implantation of the BioPoly
device. Additional information regarding the patient characteristics is provided
in Table II.

The investigators made exhaustive attempts to contact all patients with
use of multiple communication modes. Two patients (6.0%) could not be
contacted and were considered to have been lost to follow-up.

Implant Safety
No device-related adverse events were reported. The majority (86%) of re-
ported adverse events were of mild or moderate severity, and all severe or
serious adverse events improved or resolved. The most common adverse event
was knee pain (arthralgia) (9 patients, with the pain being localized to the
contralateral compartment in 4 of these patients). Additional adverse events
included wound infection (1 patient), stiffness (1 patient), swelling (2 patients),

crepitation (3 patients), and a loose cartilage body (1 patient). The loose car-
tilage body, which was identified in the operatively treated knee 4 months
postoperatively, necessitated arthroscopic surgery but was not related to the
implant. In fact, at that time, the implant was assessed and was deemed to be
functioning and well fixed. One patient underwent revision after the 2-year
follow-up because of the failure of osseointegration. This patient had had
failures of previous microfracture and ACI operations, whichmay have resulted
in inadequate subchondral bone metabolism. However, other patients who had
had failures of previous cartilage-repair procedures did not have failure of
osseointegration. The patient who underwent revision was managed with an
alternative biological treatment.

Results
Clinical Outcomes

At 6 months, 1 year, and 2 years after surgery, knee function
(assessed with the KOOS) demonstrated significant (p <

0.025) and clinically meaningful improvement (difference, >8
to 10 points)31 in comparison with preoperative function. At all
3 of these time points, there was also significant improvement

TABLE III Patient-Reported Outcome Scores at 6 Months, 1 Year, and 2 Years*

Preop. (N = 33) 6 Mo (N = 24) 1 Yr (N = 22) 2 Yr (N = 12)

KOOS overall 44.9 ± 18.0† 67.9 ± 15.9 67.3 ± 18.9 77.6 ± 16.6

Pain 51.9 ± 20.4† 76.9 ± 14.9 75.6 ± 18.5 81.2 ± 16.2

Quality of life 22.2 ± 18.4† 50.8 ± 26.7 48.9 ± 26.7 68.2 ± 22.5

Sports 30.0 ± 27.4† 56.9 ± 22.1 56.4 ± 29.3 69.2 ± 25.8

Activities of daily living 64.2 ± 24.3† 84.9 ± 14.3 84.4 ± 16.1 89.0 ± 15.7

Symptoms 56.2 ± 20.6† 70.2 ± 18.0 71.3 ± 19.2 80.4 ± 12.9

VAS pain 4.1 ± 2.5† 2.4 ± 2.4 2.0 ± 2.0 1.4 ± 2.2

SF-36 physical component 42.3 ± 32.0† 69.7 ± 28.2 71.0 ± 27.7 81.9 ± 30.8

Tegner activity 2.5 ± 1.7‡ 3.3 ± 1.4 3.1 ± 1.9 4.0 ± 1.9

*All values are given as the mean and the standard deviation. †P < 0.025 compared with scores at 6 months, 1 year, and 2 years. ‡P < 0.025
compared with score at 2 years.

Fig. 3

Bar graphshowing themeanoverall KOOSscores for younger patients (£40
years old) and older patients (>40 years old). No significant differences

were found between these age groups (p > 0.05). The I-bars indicate the

standard error.
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(p < 0.025) in the VAS pain score and the SF-36 physical com-
ponent score in comparison with the preoperative scores (Table
III). At 2 years after surgery, there was significant improvement (p
< 0.025) in the Tegner activity score. At the time of this progress
report, 24, 22, and 12 patients had reached the 6-month, 1-year,
and 2-year time points, respectively.

In order to evaluate the potential effects of age, the
outcomes for younger patients (£40 years old) were compared
with those for older patients (>40 years old). Interestingly, no

significant differences were detected between these 2 groups in
terms of the overall KOOS (Fig. 3), VAS pain score, or SF-36
physical component score (p > 0.05); however, the sample size
was limited at the later time points.

The BioPoly Knee Implant demonstrated noninferiority
(p < 0.025) in terms of the KOOS quality-of-life score when
compared with microfracture data28.

The BioPoly RS Partial Resurfacing Knee Implant
demonstrated improved clinical outcomes in comparison

Fig. 4

Line graph showing the individual KOOS subscores at 2 years for the patients in the present study as compared with those reported in recent microfracture

studies21,28-30. All values are presented as means. QoL = quality of life, ADL = activities of daily living.

Fig. 5

Bar graph showing the mean KOOS quality-of-life (QoL) score at 2 years for the patients in the present study as compared with those reported in recent

microfracture studies21,28-30. The I-bars indicate the standard error. SE = standard error, CI = confidence interval.
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with historical outcomes following microfracture treatment
as reported in multiple studies21,28-30. When the 2-year mean
KOOS subscores were compared with microfracture data
from the literature, the BioPoly implant demonstrated supe-
rior clinical outcomes in terms of quality of life and sports and
demonstrated similar clinical outcomes in terms of activities
of daily living, pain, and symptoms (Fig. 4). Quality of life and
sports are recognized as the most discerning KOOS domains
for the assessment of treatment impact. This observation was
verified by statistical testing, which demonstrated that the

BioPoly implant yielded significantly superior (p < 0.025)
outcomes in terms of quality of life when compared with all of
the microfracture studies and demonstrated significantly su-
perior outcomes (p < 0.025) in terms of sports and activities
of daily living when compared with some of the microfracture
studies.

Further examination of the KOOS quality-of-life data
showed that the preoperative scores for the patients managed
with the BioPoly implant were similar to those for the patients
in the microfracture studies whereas the 2-year scores associ-
ated with the BioPoly implant were significantly superior (p <
0.025) to those in all of the microfracture studies (Fig. 5). The
average age of the patients managed with the BioPoly implant
in the present study was 7 to 9 years greater than that of the
patients in the microfracture studies.

Radiographic Observations
Radiographically, it was observed that implants were stable after
6 months, 1 year, and 2 years. Integration with surrounding
bone was observed, with no evidence of radiolucency or implant
migration (Fig. 6).

Discussion

We observed that the BioPoly RS Partial Resurfacing
Knee Implant is safe, that it resulted in significantly

improved patient outcomes by 6 months, and that this im-
provement was sustained for 2 years, regardless of patient age
(range, 22 to 65 years). Significant improvement was seen at 6
months for the overall KOOS (and all individual subscores),
the VAS pain score, and the SF-36 physical component score.
This improvement was maintained through 2 years, and the
Tegner activity score demonstrated significant improvement
at 2 years. Over half of the patients had had a failure of
previous cartilage-repair procedures, and no significant dif-
ferences in outcome scores were observed between younger
and older patients. Radiographic evaluation demonstrated
adequate device fixation and integration with surrounding
bone. There were no serious, device-related adverse events.
There was 1 revision, which occurred after the 2-year follow-
up. The BioPoly Knee Implant demonstrated significantly

Fig. 6

Radiograph showing theBioPoly RSPartial ResurfacingKnee Implant in the

femoral condyle.

Fig. 7

Photographs showing a water droplet on ultra-high molecular weight polyethylene (Fig. 7-A) and BioPoly material (Fig. 7-B). (Reprinted, with permission

from: James S, Oldinski R, Zhang M, Schwartz H. UHMWPE/hyaluronan microcomposite biomaterials. In: UHMWPE biomaterials handbook. 2nd ed.

New York: Academic Press; 2009. http://www.elsevier.com.)
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superior KOOS quality-of-life scores at 2 years when com-
pared with the historical outcomes of microfracture treat-
ment as reported in the literature21,28-30. The patients who
were managed with the BioPoly implant were an average of 7
to 9 years older than those who were managed with
microfracture.

Total knee arthroplasty has been extensively studied and
has been shown to be consistently effective in older patients,
with 20-year survival rates of as high as 97.8%8. Patients £55
years old, however, present a challenge because they often de-
sire to return to strenuous physical activity postoperatively,
which is not recommended as part of the rehabilitation process
and could increase implant wear and decrease implant lon-
gevity. Studies have shown decreased short and long-term
implant-survival rates for younger patients9,10, and 1 study
demonstrated a 10-year revision rate of 16% in associationwith
wear and/or osteolysis in younger patients11. In a series of total
knee arthroplasty patients <50 years of age, a 2-year revision
rate of 9% was reported12.

Biological treatments, meanwhile, have been exam-
ined for use in active younger and middle-aged patients, but
these treatments have not demonstrated sustainable, con-
sistent results and require long postoperative rehabilitation.
Microfracture is currently the most common biological
treatment for the repair of early-stage focal defects, but
tissue quality and outcomes consistently have been shown
to deteriorate over time (typically beginning at 18 to 36
months) along with increases in the failure rate14-16. ACI,
MACI, and OATS also have been examined; however, studies
have shown more positive outcomes for younger patients
compared with middle-aged patients19-21. The outcomes of
those biological procedures are similar to those of micro-
fracture20,32. Those treatments also have been shown to be
prone to failure in patients who have already had previous
microfracture surgery23, but that finding has not been re-
ported in all studies33.

The hydrophilic, low-wear properties of the BioPoly
implant material have been shown in long-term, large-animal
studies34. This hydrophilic capability is illustrated by com-
paring the appearance of a water droplet on ultra-high mo-
lecular weight polyethylene with that on the BioPoly surface
(Fig. 7)35.

It is notable that the BioPoly RS Knee Implant did not
demonstrate outcome differences between younger and older
patients. Mithoefer et al. examined 48 patients who were
managed with microfracture and reported that a number of
outcomes showed significant improvements after the micro-
fracture treatment22. It was noted, however, that there was a
trend toward better outcomes in patients whowere £30 years of
age. It is also interesting to note that while the BioPoly implant
demonstrated similar KOOS outcomes in terms of pain, ac-
tivities of daily living, and symptoms when compared with
microfracture studies, it demonstrated superior outcomes in
terms of KOOS quality-of-life and sports scores. A possible
explanation for this effect is that patients who are managed
with microfracture are forced to accept a less-active lifestyle in

order to mitigate knee pain and symptoms, whereas those who
are managed with the BioPoly implant are able to regain their
previous active lifestyle, as evidenced by increasing Tegner
scores (Table III). Another possible factor could be the reha-
bilitation protocol for the BioPoly implant, which allows pa-
tients to immediately bear weight and return to activity more
quickly than does a standard microfracture rehabilitation
protocol.

Of the recent microfracture studies that were analyzed in
the present study, the 2008 study by Saris et al.28 had the most
similar patient population to our cohort, except that the av-
erage age in that study was 8 years lower than that in the present
study. In that study, 61 patients with an average age of 33.9
years were managed with microfracture (average lesion size, 2.4
cm2). The authors found no significant differences between the
outcomes of cultured chondrocyte implantation and those of
microfracture. The average KOOS quality-of-life score in the
present study was significantly superior to that for the micro-
fracture arm in the study by Saris et al.28 (68.2 compared with
52.54; p = 0.022).

The limitations of the present study include the lack of
long-term clinical outcomes, the use of patient-reported out-
come measures, and a comparatively small sample size. The
lack of long-term outcomes can primarily be attributed to the
recent release of the device.

While there is a need for longer-term clinical studies of
the BioPoly RS Partial Resurfacing Knee Implant, the present
short-term study demonstrated significant improvement in
patient-reported outcomes and an exceptional safety profile for
the device out to 2 years.

Appendix
A table showing the 4-phase rehabilitation protocol is
available with the online version of this article at jbjs.org
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