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Abstract

Purpose Localized full thickness defects of the femoral
condyle can be highly symptomatic. Treatment options for
these lesions are numerous in young patients, however they
become increasingly challenging in middle aged and older
patients. In order to delay traditional joint replacement pro-
cedures and to provide a soft tissue and bone sparing alter-
native, this study assess a focal inlay resurfacing procedure.
Methods Between 2004 and 2008, a consecutive series of
27 patients were treated with the Arthrosurface HemiCAP®
Focal Femoral Condyle Resurfacing Prosthesis and were
assessed to study the clinical benefit of this procedure.
Outcome measures included the KOOS, IKDC, HSS and
WOMAC as well as physical and radiographic evaluation.
Results Nineteen patients met the inclusion/exclusion
criteria, 18 were available for review at a median follow-up
of 34 months (range 20-57).The median age was 49 years
(range 43-78). 63% had early arthritis, 5.2% localized
osteonecrosis, and 31.6% had a focal traumatic full thick-
ness defect. The follow-up total WOMAC score averaged
90.1 £ 9.3, The KOOS showed very good to excellent
scores in all domains and also when compared to age-
matched normative data. Significant improvement was seen
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with the HSS Score. On IKDC examination, 83.4% had
normal or nearly normal results.

Conclusion Focal femoral condyle resurfacing demon-
strated excellent results for pain and function in middle-
aged, well selected patients with full thickness cartilage
and osteochondral defects. Patient profiling and assessment
of confounding factors, in particular mechanical joint
alignment; meniscal function; and healthy opposing carti-
lage surfaces, are important for an individual treatment
approach and successful outcomes.

Level of evidence 1V.

Keywords Condyle - Cartilage injury - Arthrosis -
Osteonecrosis - OCD - HemiCAP® resurfacing

Introduction

Single focal full thickness cartilage and osteochondral
defects can be painful and disabling with a poor capacity to
heal and usually progress to osteoarthritis if left untreated
[9, 10, 18, 20],

For younger patients, many surgical options exist to
stabilize defect margins and restore a weight bearing
articular surface. With increasing age, cartilage repair
becomes more complex and the outcome is less predictable
[13]. Microfracture has been the mainstay of primary and
repeat biological procedures. However, results have been
less successful in older patients [13, 27, 30, 31, 35].
Revision of symptomatic lesions previously treated with
bone marrow stimulation may show satisfactory fill rates,
but often inferior biomechanical characteristics of the
repair tissue.

Despite promising results in young patients, surgical
treatment options, such as osteochondral grafting and
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chondrocyte implantation have had inconsistent results
when used in older patients [10, 13, 15, 24, 35]. Unicom-
partmental or total knee arthroplasties increase the risk of
revision surgery and associated morbidity when used in
younger patients [11, 12, 17, 19, 25, 33].

To date, most available management techniques provide
inconsistent results for the treatment of a full thickness,
isolated articular cartilage defect in the knee joint of the
middle-aged patient (40-60 years old) [13, 27]. This raised
the challenge to develop a solution that would effectively
manage pain, improve function and delay arthroplasty [1].

The purpose of this study was to evaluate the primary
clinical results, indications and pit-falls of a novel metallic
resurfacing prosthesis (HemiCAP® Focal Femoral Condyle
Resurfacing Prosthesis, Arthrosurface Inc., Franklin, MA,
USA) in middle-aged patients with a single focal femoral
condyle defect. We hypothesized that focal resurfacing
would effectively manage pain and function in the targeted
population.

Materials and methods

Patients were selected in three participating centers.
Between 2004 and 2008, twenty-seven patients presenting
with isolated full thickness cartilage or osteochondral
defects were treated with a contoured articular inlay pros-
thesis. All procedures were performed by the three senior
co-authors (MB, BV and JB) at their respective institutions.
Only isolated medial or lateral condylar defects were
suitable for inclusion in this study. Exclusion criteria were
BMI >35; kissing lesions; diameter >20 mm; inflamma-
tory arthritis; ligamentous instability and a coronal mala-
lignment of >7°. Based on these criteria, 8 patients were
excluded: two had BMI >35 kg/m?; one had inadequate
implant coverage; one had ACL instability; one had two
full thickness defects in the femoral condyle; and three had
large defects on their tibial plateau.

The 19 remaining patients signed an informed consent,
completed a KOOS (which contains the WOMAC questions)
questionnaire [5, 32, 34], and were subjected to an IKDC
knee examination [23]. Demographics and past history were
obtained. These nineteen patients matching the study
selection criteria were treated with focal femoral condyle
resurfacing. There were 18 females and 1 male, with a
median age of 49 years (range 43-78). Sixty-three percent
(12/19) were diagnosed with early arthritis, 5% (1/19) had
osteonecrosis, and 32% (6/19) had localized traumatic full
thickness defect. Sixty-three percent of patients received a
15 mm surface diameter prosthetic, 37% a 20 mm implant.
Seventeen implants were in the medial femoral condyle, two
in the lateral (Table 1). Three patients had a concomitant
tibial osteotomy to address a mechanical axis deviation
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Table 1 Demographics

N=19

Age (years) median (range) 49 (43-78)

18 female; 1 male
63 kg (53-82)
TR, 12 L

Max: 7° varus

Gender
Weight (median/range)
Knee implanted
Alignment

Max: 3° valgus

Lesion location 17 MFC

2 LFC
Concomitant procedures 3 high tibia osteotomies
Length of hospital stay (median/range) 4 days (3-7)

greater than 4°. One patient was lost to follow-up. Eighteen
of these patients were available for review, with a median
follow-up of 34 months (range 20-57).

Pre-operative preparation included clinical examination;
standard radiographs of the knee; assessment of the
mechanical weight bearing axis with full leg radiographs;
and MRI or diagnostic arthroscopy. Based on defect size;
location and grade; concomitant findings; surgical history;
rehabilitation and recovery expectations an individual
treatment was chosen.

In order to compare the pre-operative status of the
patients to the post-operative status, a detailed chart review
was performed and data was collected for the Hospital for
Special Surgery Knee Score [22]. In order to better
understand how our patients compared to patients with
normal knees and to put results into better perspective, we
compared the KOOS and WOMAC scores at follow-up to
published data for normal populations.

Device description

The HemiCAP® resurfacing system is designed to match
the shape and contour of the patient’s individual cartilage
surface. It is a ‘patch’ for focal arthrosis and necrosis
designed to provide a load sharing, contoured new surface
while protecting the remaining, healthy cartilage margins.

The prosthesis consists of two components: a fixation
component and a modular articular component, connected
with a morse taper. The fixation component is a titanium
cancellous screw with full-length cannulation (Fig. 1). The
cobalt chrome articular component is available in 15 or
20 mm diameter size and comes in 16 different offset
configurations which correspond to the superior/inferior
and medial/lateral radius of curvatures at the implant site
(Fig. 2). Intra-operative mapping of the surface curvature
and implantation of a matching articular component allows
the surgeon to find a close fit to the patients’ original
anatomy.
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Fig. 1 HemiCAP® implant. From left to right: fixation component,
15 mm articular component, 2 examples of 20 mm articular compo-
nents with various offset sizes
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Fig. 2 Intra-operative mapping of the surface curvature and implan-
tation of a matching articular component

Operative technique

The procedure is initiated with a standard arthroscopy to
ascertain proper indication and address any concomitant
findings. Upon completion, using a small para-patellar
incision over the center of the defect, the surgeon defines a
working axis perpendicular and central to the articular car-
tilage surface with a drill guide. A guide pin is placed into the

Fig. 3 KOOS sub-domain

comparison HemiCAP® to 100
normative* data. *KOOS
normal scores from Paradowski 75

center of the defect and the fixation component is implanted
into bone. Mapping instruments measure the surface curva-
ture and a matching surface reamer prepares the inlay
implant bed. Sizing trials confirm an accurate fit to the sur-
rounding periphery. The articular component is aligned on
the implant holder and is seated slightly recessed (minimum
1.0 mm) to the surrounding articular cartilage surface.

Standardized rehabilitation protocol focusing on range of
motion is followed by strengthening exercises. Transition
from one phase to the next is symptom based, however the
primary implant stability allows for an accelerated recovery
and rehabilitation plan. Patients are permitted to bear weight
once post-operative pain and swelling have subsided.

Results

All follow-up KOOS and WOMAC subscales showed very
good to excellent results. When compared to normative
data for this population, all subscales showed results that
were within reach of normative values [28, 32] (Figs. 3, 4).

For the overall IKDC knee examination, 83.4% (15/18)
showed normal or nearly normal results (Table 2).

The post-operative HSS scores were significantly better
(P > 0.001) when compared to pre-operative scores. The
% change for the Knee Score was 42% while the % change
for the function score was 48% (Table 3).

A second look arthroscopy was performed in a 48-year-
old female who returned 8 months following high tibial
osteotomy (HTO) and focal inlay resurfacing. The patient
complained of prominent HTO hardware and requested to
have it removed. It is important to note that only the HTO
hardware was removed. Arthroscopy showed a well-fixed
resurfacing implant with cartilage flow over the edges of the
articular component and a stable cartilage border. The tibial
plateau was graded as 1A and showed no signs of tibial
response to the femoral resurfacing implant (Fig. 5). Follow-
up radiographic examination at 2 years (Fig. 6) showed no
signs of peri-prosthetic radiolucency; device disassem-
bly; subsidence or cyst formation. No secondary signs of

Comparison of KOOS Sub-Scores

et al. [32] (females age 35-54)

50

25
0 Pain
_+Study | 87.6
~m-Normal 888

Symptoms ' ADL ' Sport ' QoL
856 | 91.3 _ 71.9 _ 733
895 886 79.3 834
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Fig. 4 WOMAC total and sub-
domains comparison to 100

Comparison of WOMAC Sub-Scores

normative* data. *WOMAC ’\*// = = -
normal scores from Lieberman .
[28] (mixed age 58-64)
50
25
0 " " T
| Pain Stiffness | Function | Total
—¢—Study | 90.8 813 | 90,9 | 90.1
—=—Normal 95.2 946 971 96 .4
Table 2 IKDC éxamlnatlon (% Category (n = 18) Normal Nearly normal Abnormal Severely abnormal
of study population)
Effusion 9 (50.0%) 8 (44.4%) 1 (5.6%) 0 (0%)
Passive motion deficit 11 (61.1%) 7 (38.9%) 0 (0%) 0 (0%)
Ligament examination 11 (61.1%) 5 (27.8%) 2 (11.1%) 0 (0%)
Overall 5 (27.8%) 10 (55.6%) 3 (16.7%) 0 (0%)
Table 3 HS S pre-operative and HSS domain best = 100 Pre-op Post-op Absolute change % change P value
post-operative scores
Knee score 612 £ 9.5 86.2 £ 129  25.0 £ 10.0 42.0 + 18.8  <0.001
Function score 558 £11.3 811 +£147 253+ 120 48.1 £28.0 <0.001

Fig. 5 An arthroscopic view of a well incorporated HemiCAP®

arthritis such as osteophytes or subchondral sclerosis had
developed.

Discussion

The most important finding of this study was the clinical
benefit demonstrated by this procedure. KOOS and WO-
MAC subscales showed very good to excellent levels at a
follow-up of almost 3 years. Our results agree and confirm
the conclusion drawn by Becher et al. [4] in their recent
publication stating that the device was an effective treat-
ment option for large lesions of the knee in middle-aged
patients.
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In synovial joints, articular cartilage and the subchon-
dral bone are important units for load transmission.
Osteochondral defects lead to an impairment of this load
transmission in the affected part of the joint. If the lesion
involves the weight-bearing surface, the incongruity may
cause stress concentrations in adjacent regions. Large
osteochondral defects are therefore considered to be a
predisposing factor for the development of osteoarthritis
[9, 20, 21].

Lesion progression is multifactorial. Defects character-
istics such as size; depth; location; chronicity; and response
to initial treatment are important in lesion progression.
Patient factors such as age, level of activity; obesity, and
genetic make-up also contribute. Finally, co-morbidities
such as cruciate ligament deficiency, limb malalignment,
and meniscal damage are all contributing factors into a
lesion’s risk for progression to osteoarthritis [14, 15]. It is
therefore desirable that these defects are treated effectively
in order to prevent or slow progression to osteoarthritis.

When the patients’ charts were scrutinized and data
collected that corresponded to the Hospital for Special
Surgery Knee Score, the results showed significantly better
post operative scores when compared to the pre-operative
scores. These results combined with the comparison to
normative data as demonstrated by the outcome scores on
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Fig. 6 Two years post operative radiograph

the KOOS and WOMAC across all domains that are equal
or better after surgical intervention than those of normal
subjects, show very strong support for this procedure.

Single focal full thickness cartilage and osteochondral
defects are very common in the working population and can be
painful, limiting daily activities and decreasing quality of life to
the same extent as patients with severe arthritis [ 18]. Recently,
numerous new techniques have been developed to provide
hyaline or hyaline-like repair for articular defects. These
include methods of resurfacing with biomaterials, periosteal or
perichondral grafts. Cytokine or gene therapies, provide
encouraging experimental data but unpredictable clinical
results [16]. Clinical experience with autogenous and alloge-
nous osteochondral grafting has shown that the transplanted
hyaline cartilage had a good rate of survival [7, 13]. Despite
this, osteochondral autografts are technically demanding, have
associated donor site morbidity and work best in the younger
patient (<40 years old). Allografts have the added risk of dis-
ease transmission and immune-mediated rejection [23]. Simi-
larly, autologous chondrocyte implantation demonstrated good
results [7, 13, 30, 36], but is a cost-prohibitive two-stage pro-
cedure with lengthy and difficult rehabilitation.

In active young patients, early arthroplasty increases the
risk of revision surgery and associated morbidity since total
joint replacement has a limited implant survivorship [12,
16, 19, 25, 33]. For older patients with a reduced level of
activity a total knee prosthesis appears to be the most
adequate solution especially in cases of advanced joint
degeneration [12, 19, 25, 30].

The treatment of focal lesions in the 40-60 years age
group with a solution that would effectively manage pain
and improve function, but would be less aggressive than
surgical solutions such as conventional arthroplasty has
been achieved with the HemiCAP® Focal Femoral Condyle
Resurfacing Prosthesis. The concept allows for an eventual
arthroplasty should it be required without the likelihood of
early revisions [1].

The effect of a metallic implant articulating with intact
opposing tibial articular cartilage and meniscus up until
now has remained largely unanswered. An experimental
study assessing the functional and biological response to its
use in a goat model resulted in good clinical outcomes [26].
After 1 year, no ongoing degenerative joint disease was
apparent and the opposing tibial plateau cartilage surface
was generally intact. The outcome was substantially better
by comparison to other reported experimental animal
studies in goats with untreated full thickness defects [8].
Becher et al. [2, 3] reported that the HemiCAP® does not
lead to increased contact pressure with correct implant
placement. In this study we had the opportunity for a
second look at the implant (Fig. 5). We found neither
indication of wear on the opposite articular surface nor any
signs of progressive arthritis. This is very encouraging and
provides some of the first answers to questions regarding
focal resurfacing in the clinical application.

From our experience, patient selection is crucial. Seven of
the eight exclusion patients already underwent revision
surgery to a Total Knee Arthroplasty due to progressive
cartilage disease. A fundamental issue is the fact that the
articular component should be redressed approximately
I mm under the articular surface to reduce the risk of
developing a kissing lesion on the tibial plateau. As shown in
Fig. 5, the cartilage surrounding the implant tends to grow
over the edge of the implant. The prosthetic device seems to
be incorporated anatomically in the femoral condyle.

We had excellent results in the treatment of three
patients with both a focal full thickness cartilage defect and
a malalignment of the lower limb. We believe in the
combination of a corrective high tibial osteotomy with the
implantation of a HemiCAP®, to improve joint congruency
and establish proper mechanical alignment. HTO alone
does not address the full thickness articular cartilage
defect, therefore a combination procedure between resur-
facing and mechanical realignment reduces the risk of
overload and further progression of cartilage damage in the
affected compartment.

Patient profiling and assessment of confounding factors,
in particular mechanical joint alignment; meniscal func-
tion; and healthy opposing cartilage surfaces, remain crit-
ical patient selection criteria for successful outcomes. A
treatment algorithm to assist surgeons in decision-making
for this population of patients is proposed and presented
(Fig. 7).

One limitation of this study was the relatively small
number of study subjects. The population size did not allow
further subgroup analysis of suspected confounding factors
e.g. HTO (n = 3). Another limitation is the lack of baseline
KOOS scores in this retrospective study. Pre-operative
scores would have allowed a much stronger assessment of
the data, however the study was initiated after the patients
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Fig. 7 Cartilage defects of the
femoral condyle. A treatment
algorithm
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underwent treatment. It has been shown that recall data is
only valid for a few weeks post surgery [6, 29], therefore
patient level answers could not be provided at this time.
The HSS knee score however, is based on components that
can be reconstructed from a chart review.

The clinical relevance of this study is that the Hemi-
CAP® resurfacing prosthesis offers an interim or alterna-
tive treatment strategy for the middle-age patient with a
full thickness cartilage defect which preserves normal bone
and cartilage allowing easier and better salvage procedures
at a later time.

Conclusion

The results of our study show that resurfacing with a Focal
Femoral Condyle Resurfacing Prosthesis demonstrates
excellent results for pain and function in middle aged
patients with full thickness cartilage and osteochondral
defects meeting the inclusion criteria. The procedure adds
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Contraindications:

- Diffuse/Non - Focal Arthrosis
-Subtotal Menisectomy >75% loss
-Tibial Cartilage Loss/Kissing Lesion

Focal Prosthetic
Inlay Resurfacing

to the existing range of focal cartilage procedures and
successfully bridges biological treatment options to stan-
dard joint replacement allowing a continuation of localized
management. The procedure further supports an individu-
alized treatment approach throughout the management of
knee arthrosis and arthritis. Soft tissues and bone stock are
preserved providing a delayed exit strategy for traditional
arthroplasty as a primary indication.
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