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A Comparison of the Outcomes for Cartilage Defects
of the Knee Treated With Biologic Resurfacing

Versus Focal Metallic Implants

Cecilia Pascual-Garrido, M.D., Erika Daley, M.D., Nikhil N. Verma, M.D., and

Brian J. Cole, M.D., M.B.A.
Purpose: To compare the results of focal metallic resurfacing with biologic procedures in patients more than 35 years of
age with isolated, full thickness defects of the femoral condyle. Methods: A total of 61 patients met the selection criteria
resulting in 30 patients treated with biological procedures, including debridement, microfracture, osteochondral autograft
transplantation, osteochondral allograft, and autologous chondrocyte implantation (BIO group), and 32 patients treated
with focal metallic resurfacing (CAP group). The BIO and CAP groups were matched according to treatment location,
defect grade and size, and age profile. Outcomes included Western Ontario and McMaster Osteoarthritis Index (WOMAC),
Short Form-12, and satisfaction. The primary combination endpoint was determined as a 20% improvement (minimum
clinically important difference-20) on WOMAC pain and function at 2 years and no additional index lesion-related
surgical intervention. Safety and effectiveness were also reported. Results: Thirty patients in the BIO group (mean age
of 44.6, range 35-64) had an average follow-up of 2.6 years and 32 patients in the CAP group (mean age 47.9, range
37-68) were followed for 2.0 years. Fifty-three percent in the BIO group and 75% in the CAP group achieved success per
the endpoint definition. The mean total WOMAC score improved significantly for both groups (BIO: 57-78; P < .001)
(CAP: 41-86; P < .001). The physical component score (Short Form-12 PCS) improved significantly in the CAP group only
(30-36.4; P < .001). Good to excellent patient satisfaction was achieved by 80% in BIO and 91% in CAP. There were 4
secondary procedures on the index lesion in the BIO group and 2 in the CAP group. Conclusions: Careful patient
selection can achieve high satisfaction rates with both biological and focal metal resurfacing procedures for the treatment
of isolated focal chondral lesions of the femoral condyle in the knee. Focal metallic resurfacing results in similar clinical
outcomes and provides excellent success rates at short-term follow-up. Level of Evidence: Level III comparative study.
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Arthroscopy: The Journal of Arthroscopic and Related
rthritis of the knee joint is a major debilitating
Amusculoskeletal condition in our modern society.
Both unicondylar and total knee replacements are the
mainstay of patient care for advanced stages of arthritis.
Although there are many factors causing arthritic
degeneration of the knee, focal articular full thickness
and osteochondral defects of the femoral condyle
frequently result in severe and persistent pain and
functional impairment.1 Despite the limited defect size,
the symptoms suffered by these patients can match
those who are scheduled for knee arthroplasty.1 Focal
chondral lesions are of high prevalence in the young
adult population.2,3 If left untreated, these lesions will
most likely progress to osteoarthritis.4-13

Biological treatments for chondral lesions such as
debridement, abrasion, microfracture, osteochondral
autograft or allograft, and various other cell-based
strategies have shown good results in young patients.
However with increasing age, results have been less
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Table 1. Inclusion and Exclusion Criteria

Inclusion Criteria Exclusion Criteria

� Twenty-four-month follow-up
� Age 35-60 yr
� Grade IV (International Cartilage Repair Society

[ICRS]) articular surface defect located on the
medial or lateral femoral condyle

� Good joint stability in the affected joint, with
grade 1 Lachman or less, with no pivot shift for
anterior instability and no posterior translation
of more than grade 1

� Passive motion deficit measured as a lack of
extension less than 10�

� More than one grade IV (ICRS) articular surface defect on the medial or lateral
femoral condyle

� Varus or valgus joint malalignment greater than 7� from the neutral mechanical
axis in the affected limb

� Evidence of metabolic disorders that may impair the formation or healing of bone
� Evidence of infections at remote sites, which may spread to the implant site
� Evidence of rheumatoid arthritis, gross joint destruction, infectious/crystal

arthropathies, or bone resorption visible on radiographs
� Evidence of chronic instability or deficient soft tissues, vascular, or muscular

insufficiency
� A history of prior meniscal allograft or a failed osteochondral graft with the

presence of cysts or partial joint replacement
� Irresolvable joint pain or loss of function with an undeterminable cause
� Medial or lateral femoral condyle defect is nonfocal or very large (greater than

20 mm)
� Medial or lateral femoral condyle articular surface defect is not located relatively

central to the femoral condyle so that the resurfacing implant would extend
beyond the lateral or medial aspect of the condyle

� Widespread degenerative or inflammatory conditions in the joint that would make
pain mitigation as a result of the implant difficult to measure or insignificant

� Significant damage (defined as worse than grade II changes) to the articular surface
opposing the implant on the tibia

� Significant damage (defined as worse than grade II changes) to articular surfaces in
other compartments within the affected joint

� Severely compromised soft-tissue support structures in the joint. Irregularly shaped
or grossly degenerated femoral condyle, where restoration of a smooth continuous
articular surface is not possible such as skeletal dysplasia, mal united fracture,
osteochondrosis, or nonfocal lesions
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encouraging with recurring symptoms and sometimes
poor or little pain relief or functional improvement.14-16

Older patients tend to have larger chondral lesions and
early signs of osteoarthritis.9 Contained, focal defects
with healthy articular perimeters do not lend them-
selves to traditional arthroplasty procedures because
the risk of revision surgery remains highest in patients
younger than 50.14,17-21 In this population, focal
metallic cartilage resurfacing could be a suitable treat-
ment option before considering unicompartmental
(UKR) or total knee replacement.
Until the development of focal metallic cartilage

resurfacing, the transition from biological procedures to
primary arthroplasty has not provided an intermediary
step that maintains focal character while offering an
unaffected exit into conventional joint replacement.
This resurfacing procedure, under investigational
device exemption (IDE) investigation in the United
States, offers the advantage of contoured surface
reconstruction and primary implant stability seen with
arthroplasty while preserving healthy tissues through
its focal nature.
The objective of this study was to compare the results

of focal metallic resurfacing with biologic procedures in
patients who are 35 years and older with isolated, full
thickness defects of the femoral condyle. Our hypoth-
esis was that focal resurfacing would result in similar
clinical outcomes when compared with biologic pro-
cedures in a matched group of patients.
Methods

Design
This is a population-matched, comparative cohort

study. The study endpoint and patient selection criteria
for the CAP group were predetermined by the IDE
approved protocol. The BIO group followed the same
selection and endpoint criteria.

Eligibility Criteria
Both groups (BIO and CAP) included patients with

complete preoperative and final 2-year follow-up data
sets who met the inclusion and exclusion criteria for
this study (Table 1). The CAP group was based on
consecutive 2-year endpoint data in a Phase II IDE
investigation. Any patient converted to traditional joint
replacement before the 2-year endpoint was not fol-
lowed after his or her revision procedure and was not
included in the analysis. They were however included
in the evaluation of failures and revision surgery.
All study activities were approved by governing

institutional review boards and all participants signed
an informed consent form. Patient level data were
anonymized for the purpose of this investigation.

Selection Bias
To offset the drawback of a nonconcurrent multi-

center investigation, the study placed emphasis on
selection bias through various mechanisms to promote



Table 2. Selection Bias

BIO CAP

Outcomes Retrospective (with baseline) Prospective enrollment
Inclusion/exclusion criteria Established before subject enrollment Established before subject enrollment
Symptoms All patients presenting with symptoms of

a focal, isolated defect were included
All patients presenting with symptoms of a

focal, isolated defect were included
Loss to follow-up Follow-up with all patients at regular intervals

(3, 6, 12, and 24 mo)
Follow-up with all patients at regular intervals

(3, 6, 12, and 24 mo)
Analysis at 2 yr postoperative Closely matching final assessment time point A priori decision
Questionnaires Predetermined assessment forms for all subjects Predetermined assessment forms for all subjects
Patient accountability Completed for all subjects Completed for all subjects
Prognostic factors Similar defect age < 24 mo: 75%, significantly

different, P ¼ .2
Similar defect age < 24 mo: 60%

Success criteria Based on published literature recommendations.
Matching the FDA determined combination endpoint

Based on published literature recommendations.
FDA determined combination endpoint

NOTE. Selection bias was controlled in both studies by a number of conditions.
BIO, patients treated with biological procedures; CAP, patients treated with focal metallic resurfacing; FDA, U.S. Food and Drug Administration.

Table 3. Demographics of the BIO and CAP Groups

BIO (n ¼ 30) CAP (n ¼ 32) P Value

Age, yr (range) 44.6 � 8.5
(35-64)

47.9 � 8.3
(37-68)

.7

Body mass
index (range)

30.4 � 7.8
(18.4-50.3)

26.7 � 3.67
(19.0-33.5)

.03*

Gender 60% M 66% M .65
40% F 34% F

Smoker 90% No 75% No .12
10% Yes 25% Yes

Involved knee 47% R 31% R .3
53% L 69% L

Last follow-up, yr 2.6 � 0.6 2.0 � 0.00 .0002

BIO, patients treated with biological procedures; CAP, patients
treated with focal metallic resurfacing.
*Significant.
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similar distribution of prognostic factors among the 2
groups (Table 2).

Participants and Interventions

BIO Group. From 2003 to 2006, 1,138 consecutive
cartilage knee procedures were performed at one center
and recorded in the institutional cartilage registry. All
surgeons performing the operations had many years of
experiencewith thebiological procedures.Of those1,138
procedures, 499wereperformedonpatients 35years and
older. On review of intraoperative criteria such as lesion
location, size, grade, and other eligibility criteria, 109
subjects qualified for this study. Of the 109 patients, 44
had complete preoperative outcomes data. Of the 44
subjects, 30 consented to participate in the study and
provide both baseline and 2-year follow-up data. BIO
patients were treated arthroscopically for a single
symptomatic chondral lesion using one of 5 biological
procedures (microfracture n ¼ 15; osteochondral
autograft transplantation [OAT] n ¼ 2; debridement
n ¼ 2; autologous chondrocyte implantation [ACI]
n ¼ 1, or osteochondral allograft n ¼ 10).

CAP Group. Between 2004 and 2006, 32 patients from
8 US centers were treated with the HemiCAP focal
femoral condyle resurfacing prosthesis (Arthrosurface,
Franklin, MA) by 12 surgeons and followed for 2 years.
One of the 32 patients was converted from a focal
resurfacing implant to a unicondylar knee replacement
6 months after the index procedure at which point the
patient reached the study endpoint per protocol and
was not included in the baseline to follow-up
comparison, but was factored into the overall success
evaluation. The surgical technique has been described
in several publications.1-3,14

Demographics and Surgical History. Both groups were
alike across baseline demographic parameters, except
that the BIO patients had a significantly higher body
mass index (P ¼ .03) (Table 3). The groups were also
alike with respect to their index lesion and duration
of symptoms. Indications to perform a biological
cartilage procedure or resurfacing were similar.
Nineteen patients (63%) in the BIO group had one or

more prior procedures in the index knee; the remainder
(37%) were treated with a primary biological procedure.
The surgical history included 3microfracture procedures,
10 debridements, 4 meniscectomies, 1 drilling, 2 anterior
cruciate ligament reconstructions, and 1 hardware
removal. Twenty-seven patients in the CAP group (84%)
had undergone a total of 82 previous surgical procedures
to their indexknee includingmultiple interventions using
the same technique. These consisted of 36 debridements,
1 osteochondral allograft, 10 microfractures, 1 ACI, 7
abrasion arthroplasties, 20 meniscectomies, 2 meniscal
repairs, 2 anterior cruciate ligament reconstructions, and
3 other procedures (Table 4). Five patients (16%) were
treated as a primary resurfacing procedure.

Outcome Measurements

Definition of Success: Primary Combination
Endpoint. The protocol for the CAP group determined



Table 4. Prior Procedures to the Index Lesion

Treatment BIO, n CAP, n

Microfracture 3 10
Debridement 10 36
Drilling 1 0
Osteochondral allograft 0 1
ACI 0 1
Abrasion arthroplasty 0 7

ACI, autologous chondrocyte implantation; BIO, patients treated
with biological procedures; CAP, patients treated with focal metallic
resurfacing.
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the overall success definition for a focal cartilage pro-
cedure. Clinical parameters were combined with the
need for subsequent interventions over the course of
2 years. To effectively compare both groups, the BIO
group followed the same criteria. Success was defined
according to previously published parameters using the
minimum clinically important difference-20 from
baseline.22 Patients were considered a success if they
improved by at least 20% in the Western Ontario and
McMaster Osteoarthritis Index (WOMAC) pain and
function subdomains in the study knee and did not
undergo any subsequent defect or implant-related
procedures during the course of a 2-year follow-up
period.23,24

Secondary Effectiveness Comparison. Secondary
outcome parameters included WOMAC scores,25-27

Short Form-12 (SF-12),28 satisfaction, and adverse
events. For ease of interpretation and comparison, the
WOMAC scores for each group were converted to
normalized scores out of 100.23,29,30

In the BIO group, WOMAC scores were derived from
the registry Knee Injury and Osteoarthritis Outcome
Score (KOOS) questionnaire.30 The WOMAC Likert
3.123 items are included in the KOOS subscales of pain,
symptoms, and activities of daily living. Likert scores for
each domain were totaled (Pain 20, Stiffness 8, Func-
tion 68, and Total 96). The scores were then converted
to scores out of 100 with 100 being the best and 0 being
the worst, using the following formula: 100 � (actual
raw score � 100)/possible raw score range.23,29,30

In the CAP group, the visual analog scale version of the
WOMAC questionnaire was used and scores for each
domain were calculated (Pain 500, Stiffness 200, Func-
tion 1700, and Total 2400). Results were then converted
to a normalized score out of 100 with 100 being the
best and 0 being the worst by the same formula above.
The standard calculation for the SF-12 from the

development handbook28 was used to calculate the
SF-12 scores. Both the physical component score (PCS)
and mental component score (MCS) were used in the
comparisons.
A satisfaction questionnaire was presented by the

surgeon at the final follow-up asking the patients if they
were satisfied with the resolution of their symptoms
and their overall satisfaction. Surgeons were also asked
about their overall satisfaction with the surgery. All
questions were graded on the scale of 10 ¼ excellent,
8 ¼ very good, 6 ¼ good, 4 ¼ fair, and 2 ¼ poor.

Statistical Analysis
Both groups were assessed at similar time points: 3, 6,

12, and 24 months; however, the BIO group completed
the questionnaires only preoperatively and at the
24 months of follow-up. Therefore baseline data and
the 2-year endpoint follow-up visit for both groups
were used for analysis. Both data sets were checked and
found to be normally distributed. Fisher’s exact test was
used to analyze the difference between the groups for
the proportion of patients with at least one reoperation.
A Cox’s proportional hazards model for comparison of
the survivorship curves could not be performed because
of the low proportion of patients who underwent
reoperation. Statistical comparison of the mean rating
scores using the independent t-test was performed to
evaluate the pre- and postoperative results for each
group and the improvement between the groups. The
primary endpoint of success as well as satisfaction was
compared between each group at the last follow-up
using the independent t-test. The P value for signifi-
cance level was determined a priori to be �.05.

Secondary Safety Comparison: Adverse Events
The prospective study design in the CAP study pro-

vided stringent adverse event data through continuous
prospective follow-up intervals and data monitoring
during the course of the 2-year multicenter IDE
investigation. As a registry-based study, reoperations
and adverse event data for the BIO group were
collected based on patient records and history. The
secondary safety comparison was based on knee-related
adverse events at 24 months of follow-up.
Results

Primary Outcome
On the basis of the study success definition, the CAP

group showed a significantly better clinical success
compared with the BIO group (P < .001). The overall
success rate for the CAP group was 75% (n ¼ 24 of 32)
compared with 53% (n ¼ 16 of 30) in the BIO group. In
the BIO group, 47% (14 of 30) did not reach the pre-
defined success criteria: 3 patients underwent a revision
of microfracture with an osteochondral allograft; 1
patient was converted from an osteochondral allograft
to unicompartmental arthroplasty; 10 patients did not
improve beyond the 20% mark on WOMAC pain or
function. In the CAP group, 25% (8 of 32) did not reach
the predefined success criteria: 1 patient was converted
to unicompartmental arthroplasty, 1 patient underwent
periprosthetic debridement, and 6 patients did not



Table 5. Improvement in WOMAC Scores

(A) BIO Group

BIO Preop BIO Postop P Value

Pain 56.2 � 16.3 (30-85), 50.34-62.00 74.9 � 21.0 (35-100), 67.4-82.44 <.001
Stiffness 57.5 � 21.7 (12.5-100), 49.74-65.26 72.9 � 22.5 (25-100), 64.86-80.98 .009
Function 59.2 � 21.2 (11.67-98.5), 48.93-65.21 79.8 � 19.5 (25-100), 72.74-86.72 <.001
Total 58.5 � 19.0 (19.32-93.75), 50.88-64.94 78.2 � 19.3 (31.25-100), 71.09-84.99 .001

(B) CAP Group

CAP Preop CAP Postop P Value

Pain 40.9 � 16.4 (6.5-64.8), 35.1-46.64 86.2 � 19.5 (24.1-100), 79.35-93.05 >.001
Stiffness 36.8 � 23.9 (4.0-90.9), 28.41-45.23 81.5 � 25.4 (6.1-100), 72.59-90.47 >.001
Function 42.8 � 22.9 (0-95.1), 34.71-50.85 87.0 � 18.0 (22.7-100), 80.68-93.38 >.001
Total 41.9 � 20.0 (10.7-87.2), 34.82-48.9 86.4 � 18.6 (21.6-100), 79.84-92.94 >.001

NOTE. Data shown as mean � standard deviation (range), 95% confidence interval.
BIO, patients treated with biological procedures; CAP, patients treated with focal metallic resurfacing; WOMAC, Western Ontario and McMaster

Osteoarthritis Index.
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improve past the 20% mark on WOMAC pain or
function.

Secondary Outcome
Patients in both groups improved significantly in all

domains of the WOMAC score when comparing the
preoperative score with the postoperative score within
each group (Table 5A BIO Group, Table 5B CAP group).
When comparing the scores for each domain of the
WOMAC score, the patients in the CAP group had
significantly worse symptoms (lower score) at baseline
compared with patients in the BIO group. At the last
follow-up, despite the CAP group having better scores
across all domains, the difference between the 2 groups
A
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Fig 1. Pre- and postoperative
Western Ontario and McMaster
Osteoarthritis Index (WOMAC)
scores for each domain: (A) Pain,
(B) stiffness, (C) function, (D)
total. (BIO, patients treated with
biological procedures; CAP, pa-
tients treated with focal metallic
resurfacing.)
was only significant for the WOMAC pain domain
(P ¼ .03; Fig 1).
BIO group patients without a previous procedure to

the index knee improved on average from 62.7 to 88.1
on the total WOMAC score; those with a prior surgical
history improved from 55.1 to 72.2. CAP group patients
without a prior procedure to the index knee improved
on average from 43.6 to 94.7; those with a prior pro-
cedure improved from 40.5 to 85.2 on the total
WOMAC score.
Within both groups, the pre- and postoperative scores

of the SF-12 showed no significant improvement in the
MCS; however, there was a significant difference in the
PCS subscore for both groups (Table 6A BIO, P ¼ .002;
B
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Table 6. Improvement in SF-12 Scores

(A) BIO Group

BIO Preop BIO Postop P Value

PCS score (range) 95% CI 34.5 � 15.4 (15.9-56.8) 29, 40 42.93 � 11.1 (25.3-57.9) 38.9, 46.9 .002*

MCS score (range) 95% CI 52.2 � 11.1 (32.6-71.4) 4.2, 56.2 53.2 � 7.9 (35.3-64.2) 50.4, 56.03 .69

(B) CAP Group

CAP Preop CAP Postop P Value

PCS score (range) 95% CI 30.0 � 4.4 (22.0-38.4) 28.5,31.6 36.4 � 5.6 (21.9-48) 34.4, 38.4 <.001*

MCS score (range) 95% CI 50.2 � 6.9 (35.3-62.9) 47.8,52.6 50.8 � 6 (31.8-60.7) 48.7, 52.9 .72

BIO, patients treated with biological procedures; CAP, patients treated with focal metallic resurfacing; CI, confidence interval; MCS, mental
component score; PCS, physical component score; SF-12, Short Form-12.
*Statistically significant.
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Fig 2. Pre- and postoperative Short Form-12 (SF-12) for each
domain: (A) physical component score (PCS); (B) mental
component score (MCS). (BIO, patients treated with biolog-
ical procedures; CAP, patients treated with focal metallic
resurfacing.)
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Table 6B CAP P < .001). When comparing the preop-
erative and postoperative scores between the 2 groups,
there was no significant difference in the MCS
subscores (pre P ¼ .4; post P ¼ .2); however, there was
a significant difference in both the preoperative and
postoperative scores for the PCS subdomain (pre
P ¼ .03; post P ¼ .006) (Fig 2).

Patient Satisfaction
The satisfaction profile showed very good to excellent

results in the CAP group, whereas the BIO group profile
was more classified as good to very good. Overall, good
to excellent results for patients rating their resolution of
symptoms was achieved by 66% in the BIO and 91% in
the CAP group, good to excellent overall satisfaction
was achieved by 80% of patients in the BIO and 91% in
the CAP group, and good to excellent surgeon satis-
faction was reported in 89% for the BIO and 97% in
the CAP group. When these results were compared, the
CAP group showed statistically better results for each
question (P < .001) (Fig 3).

Safety

BIO Group. Of the 30 patients in the BIO study, 16
(53.3%) reported having an adverse event all of which
reported persistent knee pain after the initial procedure.
Ten of the patients reported more than one event
receiving multiple treatments that included nonopera-
tive management such as intra-articular corticoid
injection, pain medication, femoral nerve block, and
physical therapy, as well as secondary operative
interventions such as osteochondral allografting and
diagnostic arthroscopy. One patient had a reactive
muscle spasm treated with pain medication. One
patient presented with a postoperative
thrombophlebitis that did not require anticoagulation.

CAP Group. Of the 32 patients in the CAP study, 21
(66%) reported a knee-related adverse event. Six
patients had more than one event. Only 3 of the 25
events were considered possibly related to the implant
device: 1 drainage of portal site resolved with
medication, 1 clicking resolved with no treatment,
and 1 knee pain resolved with physiotherapy.

Subsequent Procedures and Effectiveness
In total, 4 patients (13.3%) in the BIO study needed a

subsequent procedure on the index lesion and there-
fore were considered a failure. Of those, 1 was



Fig 3. Satisfaction per group. 10 ¼ excellent, 8 ¼ very good, 6 ¼ good, 4 ¼ fair, and 2 ¼ poor. (BIO, patients treated with
biological procedures; CAP, patients treated with focal metallic resurfacing.)
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converted to a unicondylar knee replacement and 3
received an osteochondral allograft. The reason for all
subsequent procedures was persistent knee pain.
In the CAP group, 1 patient continued to have serious

knee pain leading to implant removal and conversion to
UKR at 6 months after the index procedure and was
considered a treatment failure. The patient reached the
study endpoint at this time and no further data were
collected. One additional patient underwent arthro-
scopic debridement anterior to the implant and was
considered a failure because of a defect-related sec-
ondary procedure.

Discussion
The study showed that focal metallic resurfacing

resulted in similar clinical outcomes when compared
with biologic procedures for the treatment of focal
chondral lesions of the femoral condyle in a matched
group of patients. However, compared with the BIO
group, the CAP group showed significantly better clin-
ical success and required fewer subsequent procedures.
Full thickness articular cartilage lesions inpatientsmore

than 35 years of age present greater treatment challenges
than those encountered in younger patients. Frequently,
previous surgical interventions and nonlocalized or
multiple lesions are encountered leading to the question
of when to transition from biology to arthroplasty.
Management of full thickness focal articular cartilage

defects of the femoral condyles requires a highly indi-
vidualized treatment approach that benefits from
patient profiling.14 Surgical decision making may vary
from patient to patient based on patient age, defect-
related surgical history, lesion size, opposing articular
surfaces, meniscal function, mechanical alignment,
ligament instability, body mass index, and recovery
expectations.14,31-33

A 35- to 40-year-old patient with normal alignment
and no surgical history will typically undergo biological
treatment options initially, in particular when rehabili-
tation demands can be met. The same patient with an
extensive surgical history of debridement, micro-
fracture, OAT, ACI, or allograft procedures becomes
more challenging when symptoms return or the pro-
cedure did not provide adequate pain relief and func-
tional improvement. With increasing age, biological
repeat procedures oftentimes lack sustainable treatment
results, yet at the same time, conventional arthroplasty is
relatively contraindicated because of the relative young
patient age and continued isolated pathology.34,35

A recent publication by Bedi et al.31 provided an
evidence-based review of different methods of treating
chondral defects in the knee. They concluded that
bone-marrow stimulating techniques and whole tissue
transplantation of allografts and autografts provide
favorable outcomes but are not without their compli-
cations and disadvantages.
Microfracture is the most frequently used bone-

marrow stimulating technique. Steadman et al.36 in a
long-term (11-year) follow-up found that although
patients who were less than 45 years of age had a
significant improvement after microfracture, only 32%
were pain free. The patients, however, had to adjust
their activity levels to match the condition of their knee.
Microfracture was also most effective as a first-line
procedure, although its results in a salvage situation
were less predictable.37,38

Fifty percent of the patients in the BIO group were
treated with microfracture (n ¼ 15). Only one of these
patients had a prior cartilage procedure to the index
lesion (debridement); all others were treated with a
primary intervention. Despite the literature evidence of
declining success in this age group, this study showed
that microfracture can provide very satisfactory results
at 2 years of follow-up.
Osteochondral allograft implantation is considered a

second-line treatment in cartilage restoration. Of the 10
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BIO group patients treated with an osteochondral
allograft, 9 had prior cartilage treatments. As a biolog-
ical revision procedure, osteochondral allografting
allowed for continuation of focal repair with a biological
method that uses viable cartilage and structural bone.
Preoperative baseline symptoms for this treatment
group were most severe within the BIO group that was
reflected by the lowest function and total WOMAC
scores in this group. At the last follow-up, clinical scores
were inferior to primary procedures such as micro-
fracture, but patients showed the highest functional
improvement within the BIO group at a level similar to
the CAP group. Recently, Chahal et al.39 performed a
systematic review for outcomes of osteochondral allo-
graft transplantation in the knee across 19 studies. They
reported good clinical outcomes with a high satisfaction
rate at a mean follow-up of 5 years. The mean age
across all investigations was 37 years, which compares
favorably with the current study with a higher mean
age of 43 years within the osteochondral allograft
group.
Enrollment into a tightly monitored prospective IDE

investigation ensured a highly homogeneous multi-
center group. Despite significant baseline symptoms
and corresponding low scores, final results showed
excellent improvement levels across all WOMAC
domains and satisfaction rates. The clinical value be-
comes particularly apparent when comparing the
percent improvement rates of the CAP group with the
BIO group. As a first-line arthroplasty intervention,
CAP patients were older on average and had a larger
number of prior procedures supporting a transition into
focal metallic resurfacing. These results are similar to
reports from Bollars et al.,40 who showed a close match
to normative scores in a well-selected group of focal
femoral condyle resurfacing patients. Results from this
investigation confirm the importance of patient
profiling and an individual treatment approach for
successful outcomes. The longest follow-up for focal
inlay resurfacing has been reported by Becher et al.41

After 5 to 6 years, the procedure achieved radio-
graphic joint space preservation and significant
improvements on KOOS domains, Tegner, and SF-36
scores. One patient was converted to a UKR; 2 of 21
patients had subsequent procedures on the index knee
but retained the focal prosthesis.
Both the osteochondral allograft and CAP patients

had considerable baseline symptoms reflected by the
lowest total WOMAC scores before the index proced-
ure. As such, they presented greater challenges for
postoperative improvement. In our study, inlay resur-
facing showed more favorable results than osteochon-
dral allografting.
Several studies have been published on secondary

and tertiary biological interventions. Vijayan et al.42

reported on revision cartilage transplantation after
primary ACI and matrix autologous chondrocyte im-
plantation in a young group (mean 37.4 years) yielding
63% of good to excellent clinical outcomes and
continued joint preservation at 5.4 years of follow-up.
In 2014, Minas et al.43 published long-term results
(mean 12 � 2 years) of ACI and reported an overall
graft survival of 79% at 5 years, 71% at 10 years, and
71% at 15 years. Graft survival for primary procedures
was 79% compared with 44% in knees that underwent
prior microfracture. Horton et al.44 reported on osteo-
chondral allografts with a minimum follow-up of
2 years. Tertiary treatment with revision allograft
implantation resulted in 61% survival at 10 years; 39%
failed at 5.5 years.
Biological and focal prosthetic resurfacing both follow

the clinical paradigm of treatment limited to the defect
area, preserving bone, healthy cartilage surfaces, and
soft tissues to achieve joint preservation in the long-
term management of knee arthrosis and arthritis.
Examination of the various treatment algorithms for
the treatment of chondral injury illustrates the complex
decision-making process that may confront an ortho-
paedic surgeon when determining the appropriate
treatment method for his or her patient.

Limitations
The nonconcurrent nature of the study presents

limitations; however, it allowed an effective match
across both groups using strict selection criteria;
demographics and defect-specific findings showed a
good match among the 2 treatment groups. Enrolling
appropriate study participants in this age group who
show isolated lesions within the selection criteria is
challenging; a registry-based study therefore provided
the most suitable approach to perform this comparative
investigation.
Another limitation of the study was the mix of sur-

gical procedures performed in the BIO group with small
numbers particularly for OAT, debridement, and ACI
thereby limiting subgroup analysis. Half (50%) of the
patients in the BIO group received microfracture, which
could bias the overall results. Although clinical results
with microfracture have been encouraging, signifi-
cantly better outcomes have been reported in patients
treated with OAT.45

The study was limited to baseline and 2 years of
follow-up comparison; interim follow-up data would
have strengthened the results.
The nonconcurrent study design may have intro-

duced some degree of selection bias as evidenced by
lower baseline scores for the CAP group. However, a
higher number of prior chondral procedures to the
index lesion are expected for a focal metallic salvage
procedure (Table 4).
Another limiting factor was the number of surgeons

performing the procedures that could potentially affect
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the results. Nevertheless, all surgeons were fellowship
trained and had many years of experience performing
the various treatments in the study.
Overall, longer follow-up and larger patient groups

are necessary to further strengthen the assessment of
these procedures in the targeted patient population.

Conclusions
Careful patient selection can achieve high satisfaction

rates with both biological and focal metal resurfacing
procedures for the treatment of isolated focal chondral
lesions of the femoral condyle in the knee. Focal
metallic resurfacing results in similar clinical outcomes
and provides excellent success rates at short-term
follow-up.
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