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Note to the reader: This article is an update to a previously
published article(1), containing previously published results as
well as new results. The reader is referred to the previously
published paper for the details on materials and methods
and for detailed discussion of older results.

INTRODUCTION
Surgical treatment for cartilage injury is of major interest to
orthopaedic surgeons because most lesions of articular
cartilage do not heal spontaneously and may predispose the
joint to the subsequent development of secondary
osteoarthritis.(2, 3) In a series of 993 knee arthoscopies
performed because of pain, substantial cartilage lesions
considered suitable for surgical treatment were detected in 6%
of the patients.(4) Treatment for articular cartilage injuries
includes the microfracture technique(5), autologous periosteal
transplantation(6), autologous osteochondral
transplantation(7), autologous chondrocyte implantation with(8,

9) and without(10) the assistance of various three dimensional
matrices. In addition techniques utilizing allografts exist,
though not widely used and therefore not a subject in this
review. Much controversy is related the best treatment option.
Numerous published articles, in which the above treatment
options were used, have described good or excellent results for
a majority of patients, yet several authors have pointed out
methodological weaknesses in the published studies. (11-13)

The purpose of this and the previously published article was to
determine whether the optimistic reports in the literature are
supported by sound methodological quality in the studies. Our

main hypothesis was that the majority of the studies have
methodological limitations that may limit the value of the
reported results. We addressed the methodological limitations
by calculation a modified Coleman Methodology Score
(CMS)(14) and a level-of-evidence rating.(15) In the previously
published article we correlated this to the reported results to
test whether studies of lesser methodological quality reported
higher rates of success. In this article we have solely looked at
the methodological quality of new studies (published over
the last 2 years?).

MATERIALS AND METHODS
We refer the reader to the previously published paper in The
Journal of Bone and Joint Surgery American Volume, October,
2005 p. 2232(1) for a detailed materials and methods
description. We used the exact same search strategy and
selection criteria for this update and searched the Medline In-
process and other Non-Indexed Citations, EMBASE and
CINAHL using OVID. We also searched the Cochrane Central
Register of Controlled Trials. All searches were performed and
finished on April 4th, 2006.

We rewieved 158 abstracts of which eighteen filled the
selection criteria.

SPSS software (version 13.0.0; SPSS, Chicago, Illinois) was
used to analyze the data.

RESULTS
In our first article on this topic we included sixty-one studies
reporting on 3987 operations of which 260 were from
randomized controlled trials. The average CMS was 43.5 (95%
C.I., 40.3 to 46.7) with especially low scores in five categories: (1)

type of study, (2) description of postoperative rehabilitation, (3)

outcome criteria,(4) outcome assessment, and(5) subject
selection process. At that time we found thirty-five
retrospective studies, twenty-two prospective studies and only
four randomised controlled trials.

In this update eighteen studies(16-33) reported on 1003
operations (median 46) of which 195 were from randomised
controlled trials and 116 from non-randomised controlled
trials. The average CMS was 56.3 (95% C.I., 49.3 to 63.2), which
was a statistical significant improvement (p<0.0001). However,
methodological limitations were still frequently found in the
above-mentioned categories. The average CMS for each
criterion and the total CMS are given in Table I. The distribution
of the studies with regard to type of treatment, type of study,
and level-of-evidence rating is given in Table II.

In our first review we analyzed the outcome results with respect
to type of therapy, but could not find any significant differences
between the reported outcomes (forty-seven studies; p = 0.11).
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Indeed, large variations in reported outcome were
demonstrated within each treatment modality (Fig. 1). We
found that the CMS correlated positively with the level-of-
evidence rating (r = 0.668, p < 0.0001), but the variations within
each level were large. In this update we find the same trend (Fig.
2), but find an even larger variations in the level-IV evidence.

Also in the first article we identified several double
publications(34-37), in addition to one article describing a group
of patients(38) that may have been a subgroup of the patients
included in a randomized trial.(34). We found no double
publications in the update.

Interestingly we noticed that in one article patients received
identical surgical treatment but were divided into two groups
with different rehabilitation protocols(33) and another article
reported on a new retrograde technique for treating tibial
cartilage defects(39) One article also reported on autologous
chondrocyte implantation in combination with autologous
osteochondral transplantation(29) and several papers on various
types of matrix-assisted chondrocyte transplantation alone(8, 9)

or compared to other treatments.(27)

DISCUSSION
We refer the reader to the original article(1) for a detailed
discussion on methods and previous results. This
discussion only takes into account findings from the newly
included articles.

Research on the surgical treatment of cartilage injury has been
extensive over the last two decades, and although numerous
articles have been published reporting mostly good to
excellent results, the methodology of the studies in general
has been questioned.(11)

We previously showed that the majority of papers in this area had
methodological deficiencies. This is still the main finding even
though it is encouraging to find a significantly improved CMS.

A total of 6 randomized controlled trials have been performed
in cartilage treatment comparing autologous chondrocyte
implantation and autologous ostechondral transplantation
(mosaicplasty) (three studies)(24, 34, 40), autologous
chondrocyte implantation and microfracture(41), autologous
osteochondral transplantation (mosaicplasty) and
microfracture(17), and autologous chondrocyte implantation
and matrix-assisted autologous chondrocyte
implantation(27). The CMS varied between 56 and 79. Four
of these found no significant difference between
treatments. One well performed study (CMS = 79) found
arthroscopic autologous osteochondral transplantation to
be superior to microfracture(17). Another study found
autologous chondrocyte implantation to be superior to
autologous osteochondral transplantation (mosaicplasty),
but were of lesser methodological quality (CMS = 56)(40).

As of today no treatment modality has emerged clearly superior
to other modalities and it seems that several surgical methods
provide a comparable good-to-excellent functional outcome at
least in the one to five year postoperative period. More well-
designed and well-performed randomized controlled trials are
needed to determine whether this is truly the case.

The increased focus on methodology in major journals by
marking original articles with a level-of-evidence is highly
appreciated. However, we would like to emphasize the fact that
randomized controlled trials can have serious design flaws (i.e.
not using independent reviewers, no statistical power analysis,
not using an adequate randomization procedure, not
accounting for eligible subjects not included in study), and
therefore be rated as level-of-evidence II. We would also like to
draw the reader’s attention to the fact that several well-
performed case series (level-IV evidence) score very well on the
CMS. These studies largely take into consideration multiple
aspects of good methodological quality such as independent
investigator, sufficient number of patients, well-described
rehabilitation protocol, validated outcome measures and so
forth, and are mainly lacking in not having a control group. We
therefore recommend the reader to not entirely dismiss
articles marked level-IV evidence, yet themselves assess the
methodological quality of the paper when interpreting the
results (for example using a grading system like the CMS).

On the basis of our findings in this update we maintain the
recommendation to readers of cartilage studies to be cautious
when interpreting result. In our first article we proposed the
following guidelines for future studies, and although
methodology has improved we find it worthwhile to repeat the
guidelines here:

1. Studies should be prospective with a clearly defined
hypothesis and one clearly defined primary end point. They
should be randomized controlled trials with an adequate
randomization procedure and power analysis for the primary
end point. Secondary end point should only be used a
supportive evidence to the primary hypothesis.

2. Patient inclusion and exclusion criteria should be clearly
established and reported. The recruitment rate should be
reported, and attempts should be made to account for
eligible patients who are not included and those who are
lost follow-up.

3. The outcome measure should be validated for use on
patients with cartilage injuries.

4. Outcome assessment should be made by an independent
investigator. The assessment should be in a written form
and ideally be completed by the patient without
investigator assistance.

AN ANALYSIS OF THE QUALITY OF CARTILAGE REPAIR
STUDIES — An Update (cont.)



ISAKOSISAKOS CURRENT CONCEPTS WINTER 2007 • 3

CURRENT CONCEPTS

5. The timing of the outcome assessment should be clearly
stated. Results from various time-points after surgery should
not be reported as one outcome. Assessments should be
both clinical and functional. The minimum duration of
follow-up should be more than twenty-four months.

6. Detailed rehabilitation protocols should be established and
reported. Attempts should be made to monitor compliance.
The protocols should be applied in a standardized manner
to both patient cohorts.
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