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Abstract

Introduction:

Localised full thickness articular defects of the knee are common and disabling in the middle-aged. There are
numerous treatment options for articular defects, the results of which are unpredictable in this age group. The
purpose of this study was to evaluate a focal articular resurfacing prosthesis used in the treatment of these
defects.

Methods:

A consecutive series of patients treated between 2005 and 2010 with a HemiCAP® resurfacing procedure were
retrospectively reviewed. Follow-up scores of the KOOS, IKDC, SF-36 and patient satisfaction were obtained.
Radiographic evaluation was also obtained.

Results:

Twenty-two patients met the inclusion criteria. Nineteen patients were followed-up 4.7 ± 5.9 years after surgery.
Three patients had revision surgery and were not followed up. The patients were 44.7 ± 5.9 years old. The followup KOOS scores demonstrated comparable scores on the pain and activities of daily living sub-scales when
compared to normative data; however, the sports (P<0.001) and quality of life (P=0.001) sub-scales scores were
lower in the HemiCAP® patients when compared to normative data. Only the physical functioning sub-scale
score of the SF-36, and not the other seven sub-scale scores, was lower (P=0.016) in the HemiCAP® patients when
compared to normative data. General patient satisfaction revealed that 79% considered their result as very good
or excellent.

Conclusion:

HemiCAP® articular resurfacing is an effective treatment option for pain in the middle-aged patient with a focal
articular cartilage defect in the knee.
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Introduction

The number of total knee arthroplasties continues to grow
each year and as these increase in number, the number of
revision total knee arthroplasties continues to increase
substantially.1-3 Total or uni-compartmental knee arthroplasty is also associated with an increased morbidity and
revision rate in younger patients.4-6
Articular cartilage performs an important function in the
homeostasis and functioning of joints.7-8 Focal full thickness
articular lesions not only cause pain but also disturb this
homeostasis and can lead to osteoarthritis if left untreated.7,9-11
The majority of these full thickness cartilage lesions are
observed in patients over the age of 40 years.11,12
A plethora of cartilage repair techniques is described in
the literature,13,14 with the most common form of surgical
treatment undertaken being microfracture. The results
with these surgical treatments are promising in young
patients; however, the results are inconsistent and poorer
in patients older than 40 years of age.15-18
The purpose of our study was to evaluate an articular
resurfacing prosthesis (HemiCAP®, Arthrosurface Inc.,
Franklin, MA, USA) being used in middle-aged patients
for focal full thickness articular cartilage lesions. This
prosthesis forms a junction between biological healing and
conventional arthroplasty. We evaluated our results and
failures done in a single centre and report our results in
the context of previously reported normative data19,20 as
well as published data from previous multi-centred
studies.21,22

Materials and methods
Participants

We retrospectively reviewed 30 patients who had
undergone a HemiCAP® resurfacing procedure between
2005 and 2010. All patients had previously failed conservative and/or surgical management. All surgeries were
performed by the same surgeon (author WvdM). All focal
full thickness articular defects of the femoral condyle and
patellofemoral joint were included in the review. All
patients were screened according to the inclusion and
exclusion criteria. The inclusion criteria were: all patients
were >35 years old; had clinically significant baseline pain
requiring surgical intervention; failed conservative
and/or surgical management; good joint stability in the
affected joint with a 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 degrees; normal or asymptomatic contralateral joint; and had signed the informed
consent form to participate in the study. Exclusion criteria
were as follows: patients with more than one grade IV
(ICRS) articular surface defect on their femur as diagnosed
intra-operatively resulting in inadequate implant
coverage; severely obese with a BMI >35 kg/m2 at the time
of surgery; impaired mental comprehension and literacy,
including dementia, psychological impairment, and
misuse of drugs or alcohol; displays varus or valgus joint
malalignment greater than seven mechanical degrees in
the affected limb; presents evidence of rheumatoid
arthritis, gross joint destruction, infectious/crystal
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arthropathy; bone resorption visible on pre-operative
roentgenogram or presents evidence of chronic instability
or deficient soft tissues, support structures, vascular or
muscular insufficiency; had a prior meniscal allograft, a
failed osteochondral grafting with the presence of cysts, or
partial joint replacement; significant damage (defined as
worse than grade II changes) to the articular surface
opposing the implant on the tibia as diagnosed intraoperatively; significant symptomatic damage to articular
surfaces in other compartments within the affected joint as
diagnosed pre- and intra-operatively or has infection,
sepsis, and osteomyelitis or other active infections that
may spread to the implant site.
Seven patients were lost to follow-up and were excluded
from this series. One patient was excluded due to the fact
she was diagnosed with rheumatoid arthritis at reoperation, when being revised from a HemiCAP® to a total
knee arthroplasty.
Of the 22 patients who met the inclusion and exclusion
criteria, 15 were male and seven female. All patients gave
written informed consent. All the patients had swelling of
the affected knee and moderate to severe pain at the time
of presentation. All patients had a pre-operative MRI,
which demonstrated an articular lesion with underlying
bony changes.
Ethical approval was obtained and all patients signed a
consent form to participate in the review.

Follow-up

All patients were invited to attend and were followed up
for this case series between 4 and 6 years after surgery. All
patients were assessed using the subjective Knee Injury
and Osteoarthritis Outcome Score (KOOS),23 the subjective
general health SF-3624 and patient satisfaction questionnaires. The KOOS score has been validated for the
treatment of focal cartilage lesions.25 Data for the KOOS
score and the SF-36 was compared to previously
published normative data.19,20
In addition, the outcomes were also rated by an
independent orthopaedic surgeon, following the
International Knee Documentation Committee (IKDC)
evaluation form.26 Radiographic assessment entailed
comparing pre-operative radiographs to those obtained at
the follow-up visit (AP and lateral knee X-rays weight
bearing and a mechanical axis). These were then assessed
using the Kellgren-Lawrence classification27 and
Osteoarthritis Research Society International (AORSI)
grading system28 to see if there were any changes.

Surgical technique and prosthetic device

A standard arthroscopy was performed and the lesion was
evaluated in all included patients.
A small medial para-patellar arthrotomy was then
undertaken. A guide pin was placed into the centre of the
defect and the cancellous screw inserted. Mapping
instruments were used to measure the surface curvature,
upon which a matching surface reamer was used to
prepare the bed. Sizing was then done using trials. The
articular component was then inserted onto the fixation
device and recessed slightly below the surrounding
articular cartilage.
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Statistics

The statistical analysis was performed using GraphPad
Instat version 3 (GraphPad Software Inc., California,
USA). Values were reported as a mean ± standard
deviation (SD). To identify if the reported values were in
range of the previously reported normative data for the
validated scores reported, unpaired t-tests were
performed between the means and standard deviations of
the HemiCAP® patients and the means and standard
deviations of the reported normative data. Significance
was accepted when P<0.05.

Results

Patient characteristics

Of the 22 patients who met the inclusion criteria for the
study, 15 were male and seven female. The average age of
the patients was 44.7 ± 5.9 years (range 35–57). Patients
were followed up 4.7 ±1.6 years (range 2–6) years after
surgery. Fifteen of the lesions involved the right knee and
seven the left. Sixteen had one or more prior cartilage
procedure(s). Seven of the lesions were in the medial
femoral condyle, 14 in the trochlea (of which five also
involved the patella) and one was in the patella. Five of the
patients had cartilage lesions elsewhere in the knee but
were grade 2 or less. Six had partial medial meniscectomies (less than 50%) at the same procedure which could
be a confounding factor. Of the seven lesions in the medial
femoral condyle, six were resurfaced with a 20 mm
prosthesis and one with a 15 mm prosthesis. Fourteen of
the patellofemoral lesions, which were trochlea lesions,
were resurfaced with a 20 mm prosthesis (five of these also
had a patella resurfacing). One patient had a patella resurfacing only.
Three of the 22 patients had been revised since implantation and inclusion in this study. The three failures are
discussed below. The outcomes at the current follow-up
were recorded in the remaining 19 patients.
All patients reported that they would undergo the procedure again,
and that they would recommend it to family or friends
Table I: The Knee injury and Osteoarthritis Outcome Score (KOOS)
pain, symptom, activity of daily living (ADL), sport and quality of life
sub-scales in patients after HemiCAP® surgery, compared to previously published normative data19

Pain
Symptom
ADL
Sport
Quality of life

HemiCAP®
(n=19)
83.4 ± 15.5
75.2 ± 16.6
84.9 ± 12.9
49.2 ± 31.8
56.0 ± 30.2

Normative
data (n=78)a

87.4 ± 17.9
86.5 ± 16.7
89.1 ± 17.6
76.0 ± 29.5
77.7 ± 25.4

P-values
0.346
0.006
0.300
<0.001
0.001

Values are expressed as mean ± standard deviation. Significant values are in bold typeset.
a
The reference values were the reference values of male participants between the ages of 35 and
54 years. The reference values for females within this age category were 88.8 ± 18.7, 89.5 ± 14.6,
88.6 ± 19.7, 79.3 ± 27.7 and 83.4 ± 22.0 for pain, symptom, activity of daily living (ADL), sport and
quality of life, sub-scales respectively.

KOOS, SF-36 and patient satisfaction

The KOOS (Knee injury and Osteoarthritis Outcome Score)
questionnaire Pain (P=0.346) and ADL (P=0.300) sub-scales
were not different between the HemiCAP® patients and the
normative data (Table I). Symptom (P=0.006), sport (P<0.001)
and quality of life (P<0.001) KOOS sub-scales were significantly lower within the HemiCAP® patients when
compared to the normative data.
The short form (SF)-36 questionnaires consisted of eight
sub-scales (Table II). The physical functioning (PF), rolephysical (RP), bodily pain (BP) and general health (GH) subscales are combined into the physical component summary
(PCS). The vitality (VT), social functional (SF), roleemotional (RE) and mental health (MH) sub-scales are
combined into the mental component summary (PCS). Of
the eight sub-scales, only the PF (P=0.016) was significantly
lower within the HemiCAP® patients, compared to previously reported normative data.20 The MCS was significantly
higher (P=0.003) within the HemiCAP® patients, compared
to previously reported normative data.20
General satisfaction by the patients with the procedure
was rated as excellent by nine (47%), very good by six (32%),
good by two (11%), and fair by two (11%). All patients
reported that they would undergo the procedure again, and
that they would recommend it to family or friends. Nine
patients had no pain at all, ten had mild pain requiring
occasional analgesia. No subjective data was obtained for
the three revisions.

Surgeon-rated outcomes

These outcomes were rated by one of the co-authors who is
an independent orthopaedic surgeon. At follow-up 13
(68%), four (21%) and two (11%) of the patients had normal,
nearly normal and abnormal effusion, respectively,
according to the IKDC evaluation.26 No patients had severely
abnormal effusion at follow-up. In addition, 15 (79%), three
(16%) and one (5%) of patients had normal, nearly normal
and abnormal passive motion deficits, respectively. No
patients had severely abnormal passive motion deficits.
Ligament examination was normal for all 19 patients. Eleven
of the 19 patients (58%) were classified as normal for all
measurements of the IKDC knee evaluation.
The result in six patients was rated by the surgeon(s) as
excellent (32%), very good in nine (47%), good in three
(16%), and fair in one (5%). Radiographically there were no
lucencies or cysts around the prosthesis and no subsidence
of the prosthesis in any patient. There was no significant
change in any of the radiographic findings or grades. One
patient had disengagement of the articular component from
the fixation device.

Revisions

Re-operations were done in three of the 22 patients (14%).
The first was a patient who had a resurfacing of her trochlea
and patella. She subsequently had another arthroscopy for
pain where scar tissue was debrided. She was finally
converted to a total knee arthroplasty for ongoing pain and
swelling. The second patient had a medial femoral condyle
HemiCAP® who had continued pain and swelling, and at
arthroscopy had progression of the disease with cartilage
involvement posterior to the prosthesis.
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Table II: As comparison of the SF-36 scores within the patients after
HemiCAP® surgery to previously published normative data20

Physical functioning (PF)
Role-physical (RP)
Bodily pain (BP)
General health (GH)
Physical component
summary (PCS)
Vitality (VT)
Social functional (SF)
Role-emotional (RE)
Mental health (MH)
Mental component
summary (MCS)

HemiCAP®
(n=19)

Normative
data (n=2 474)a

P-values

84.2 ± 23.3
80.9 ± 34.0
75.2 ± 23.7
71.9 ± 20.3

0.016
0.783
0.194
0.174

46.1 ± 10.0

50.0 ± 10.0

0.069

64.4 ± 18.2
91.3 ± 14.7
94.7 ± 22.9
80.5 ± 17.7

60.9 ± 20.9
83.3 ± 22.7
81.3 ± 33.0
74.7 ± 18.1

0.434
0.099
0.058
0.135

56.2 ± 10.2

50.0 ± 10.0

72.2 ± 27.9
82.9 ± 31.2
68.6 ± 23.9
77.8 ± 16.0

0.003

Values are expressed as mean ± standard deviation. aThe reference values reported here were
previously published24 normative data of males and females aged 14 years and older.

She was converted to uni-compartmental knee arthroplasty.
The last patient also had a medial femoral condyle
HemiCAP® and initially did extremely well, but had injured
himself and sustained an MCL tear and an impaction
fraction of the medial femoral condyle. He was treated
conservatively for this injury but subsequently a year later
the articular component disengaged from the fixation device
(Figures 2A and 2B). He was converted to osteochondral
plugs. At re-operation in all three patients, the HemiCAP®
was easily removed and it was easy to convert to the chosen
new treatment modality.

Discussion

The current case series documents the outcome of 22
patients, who had undergone a HemiCAP® focal isolated
articular resurfacing procedure. At the current followup, 19 of the 22 patients were satisfied with the
treatment and had successful alleviation of their pain.

Compared to normative data, the KOOS sub-scales for
pain and activities of daily living were not significantly
different.
Full thickness cartilage lesions are common and lead to
symptomatic painful knees, the majority of which occur in
the middle-aged (40–60 years).10,12 If left untreated, these
defects are unlikely to heal and are a predisposing factor
for the development of osteoarthritis.7,11,29 Conventional
biological treatment measures include marrow stimulation techniques, osteochondral autografts and autologous chondrocyte implantation (ACI). However, the
outcomes of these conventional biological treatments
within a middle-aged population are inferior and less
predictable when compared to a younger (<40 years)
population.15,17,18 Marrow stimulation techniques have
shown a strong correlation between the age of the patient
and the size of the lesion, better for small lesions less than
2 cm2 and patients under 35 years.15,18 Osteochondral
autografts and allografts are not only technically
demanding but have also been shown to have better
results in patients under 40 years. The autografts have the
added problem of donor site morbidity whereas the
allografts have an increased risk of disease transmission
and immunological reactions.26,30 ACI has shown
favourable results, especially for larger lesions (>2 cm2).
ACI is however costly; it is a two-stage operation and
there is a lengthy rehabilitation.16,31 It has been shown to
have inferior results when performed after a previous
failed
cartilage
repair
procedure,
especially
microfracture.32,33
Arthroplasty is another option, especially if the patient
has already failed biological repair. However, arthroplasty
is this age group not only removes healthy soft tissue and
bone stock, which should be preserved, but has a limited
survivorship and a greater risk of revision surgery.5,34
Full thickness cartilage lesions are common and
lead to symptomatic painful knees, the majority
of which occur in the middle-aged

B

A
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Figure 1: (A) Patellofemoral HemiCAP®; (B) Patellofemoral HemiCAP® showing the two components, namely the articular and screw
components; and (C) Patellofemoral HemiCAP® showing the various offset configurations that are available, corresponding to the
radius of curvature at the implant site
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Figure 2: (A) The anteroposterior radiograph of one of the failures reported in this study. The radiograph shows the displacement of
the articular component from the screw fixation component, and (B) a lateral radiograph showing displacement of the articular
component from the screw fixation component.

The HemiCAP® is an articular resurfacing device that is
contoured to match the patient’s articular cartilage. It is
designed to fill the articular lesion and be load-sharing,
thereby stabilising the lesion and protecting the
surrounding cartilage. It consists of two components: an
articular and a fixation component that are connected with
a morse taper (Figures 1A and 1B). The articular component
is composed of cobalt chrome and is available in two sizes:
15 mm and 20 mm diameter. These are available in various
off-set configurations which correspond to the radius of
curvature at the implant site (Figure 1C). The fixation
device is a titanium, fully cannulated cancellous screw.
In the current study we report KOOS and SF-36 scores
similar to that of age and sex -matched normative data.
Only the sport and quality of life sub-scale scores of the
KOOS questionnaire were significantly lower when
compared to normative data. These findings are however
in agreement with previously published data,21 which also
demonstrated decreased scores for the sports and quality
of life sub-scales of the KOOS questionnaires. However,
the KOOS sub-scale scores reported by Bollars et al.22 did
not show a similar reduced score for sports and quality of
life. The specific reason(s) for this discrepancy remains
unknown. All the general health sub-scales, except for
physical functioning, were similar or better than
normative data in the current study. The previous two
follow-ups published did not report measures of general
health (the SF-36 questionnaire).

In the current study, most patients were generally very
satisfied with the procedure and all patients would elect to
have the surgery again. In addition, the surgeon also
reported satisfactory to good outcomes in all the patients
followed up.
The HemiCAP® focal isolated articular resurfacing
procedure is proving to be a novel and successful treatment
for middle-aged patients with focal full thickness cartilage
lesions. Results reported here, as well as previously published
data,21,22 demonstrate that this treatment may bridge the gap
between biological healing and conventional arthroplasty. An
additional benefit of the use of the HemiCAP® articular
resurfacing procedure is that it does not compromise or affect
further surgery, if required in the future. The HemiCAP® focal
isolated articular resurfacing device is easily removed and
converted to the procedure of choice.
It is however important to note that three of 22 patients
failed. One of these patients had incurred a second injury
and did not fail due to the surgery. The other two patients
had progression of the presenting lesions and ongoing pain
and swelling. They demonstrate the importance of adhering
to strict indications. Due to the paucity of data and patient
numbers with respect to this device, we were unable to
compare our revision rate with other studies.

The HemiCAP® focal isolated articular resurfacing
procedure is proving to be a novel and successful
treatment for middle-aged patients
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Conclusion

This study presents the results of 22 patients, which had
undergone a HemiCAP® focal isolated articular resurfacing procedure. The strength of the current study is that
all surgeries were performed by a single surgeon at the
same centre. The two previously published HemiCAP®
follow-ups were both multi-centre studies. The results
from the present study agree with the previously
published follow-ups that the device is an effective reconstructive treatment option for patients with large cartilage
lesions in the medial femoral condyle, the trochlea and in
the patella.
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