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Articular cartilage injury remains a challenging condition for orthopedic surgeons to address. While multiple
treatment options exist and have reported improvement in patient symptoms, sustained and successful
treatment of symptomatic chondral defects remains elusive in many cases. Physicians may deﬁne failure in a
multitude of ways such as subsequent surgery, progression to arthroplasty, lack of improvement in outcome
measures, lack of hyaline-like repair tissue, or poor appearance on imaging studies. This chapter reviews the
current standards for deﬁning treatment failure in order to address the importance of consistent and clear goals
for treating cartilage injuries and understanding the outcome tools currently available.
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Introduction
Injury to the articular cartilage remains a difﬁcult problem for patients and a challenging condition for orthopedic
surgeons. Chondral lesions are commonly encountered in knee arthroscopy, with full-thickness lesions noted in
more than 60% of knee arthroscopies [1, 2]. Additionally, osteoarthritis is one of the leading causes of worldwide
disability, and the utilization of total knee arthroplasty continues to rise to attempt to address this condition.
Multiple treatment options are available to address articular cartilage lesions, and there has been great progress
in developing novel cartilage restoration techniques. Microfracture remains an option for initial treatment for
many lesions and is frequently used as a comparative therapy in clinical trials [3, 4]. This procedure involves
penetrating the subchondral bone to stimulate a healing response with ﬁbrocartilage. In 1994, Brittberg et al.
published and popularized autologous chondrocyte implantation [5]. This technology utilizes a patient’s native
chondrocytes expanded in culture and then reimplanted to restore hyaline cartilage to an injured area. Novel
matrix-associated autologous chondrocyte implantation (MACI) techniques have been introduced recently in an
attempt to improve upon the results of ACI [6]. Osteochondral autograft transfer (OATS) and osteochondral
allograft implantation are further treatment options that allow for the restoration of both the bone and cartilage at
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the site of a defect [7, 8]. Numerous other novel therapeutics including surface allograft transplantation are early
in the clinical adoption cycle or in development to address symptomatic chondral injuries.
Successful and sustained treatment of symptomatic chondral lesions, however, remains elusive in many cases. As
new therapeutic options are introduced, it becomes even more important to have consistent and clear goals for
treating cartilage injuries and to understand what outcome tools are available to determine which treatments will
lead to excellent long-term outcomes. Additionally, the current level of evidence of the majority of the cartilage
repair literature is limited at best [9]. The purpose of this chapter is to review current standards for deﬁning
treatment failure and explore methods that will be used in future studies to determine success and failure of
cartilage restoration procedures.

Objective Endpoints
Clinical Definitions of Failure
Survival analysis is frequently used to evaluate cartilage restoration procedures with conversion to total knee
arthroplasty or reoperation utilized as the endpoint in disease treatment. Sterett et al. reported 91% survival of
microfracture and high tibial osteotomy at a mean follow-up of 7 years [10]. While conversion to TKA is easy to
measure and objective, this may not capture all patients who are unsatisﬁed, symptomatic, or persistently limited
in function after cartilage restoration procedures. Bae et al. followed a cohort of 134 knees following
microfracture of symptomatic chondral lesions and deﬁned failure as conversion to TKA or pain scores worse
than the preoperative value or less than 60. With this more stringent deﬁnition of failure, success of
microfracture was 88.8% at 5 years, 67.9% at 10 years, and 45.6% at 12 years after surgery [11].
Pestka et al. evaluated patients treated with ACI and compared patients with and without a prior history of
microfracture. Failure in this study was deﬁned as reoperation of any kind, with patients who had a prior
microfracture having a signiﬁcantly higher failure rate (25% vs 3.6%; p = 0.024). Patient satisfaction levels,
however, showed no difference between these groups, with 25.9% of patients with prior microfracture reporting
unsatisfactory results compared to 28.6% of patients without a history of prior microfracture [12]. Reoperation is
an important outcome after cartilage restoration, but it is imperative to incorporate other variables to capture
patient satisfaction, symptoms, and function. Additionally, understanding patient goals and expectations is
necessary in interpreting conversion to TKA as a measure of failure as some patients may be satisﬁed with a
procedure that bridges them to replacement, while others have goals of longer-term joint preservation with a
desire for more complete symptom relief.

Histologic Evaluation of Cartilage Repair
Histologic assessment of cartilage repair can determine if repair tissue has similar biochemical and structural
composition to native cartilage. An ideal repair technique would reproduce the complex architecture of articular
cartilage; the appropriate levels of collagen, water, and glycosaminoglycans; and the interaction between the
cartilage and subchondral bone. Animal studies are often used to test possible cartilage restoration procedures
with a major advantage being the ability to perform histologic analysis on cartilage repair tissue. A biopsy during
second-look arthroscopy may also be used in clinical studies; however this is an invasive procedure and may
even damage the area of cartilage repair. The International Cartilage Repair Society (ICRS) has also provided
recommendations on speciﬁc variables to control when performing histologic analysis of cartilage repair tissue
[13]. These variables include the location of the biopsy sample, timing of recovery, processing methodology,
staining method, and blind comparison to a control group.
After obtaining a cartilage sample in either a preclinical model or from arthroscopic biopsy, different stains are
available to differentiate the types of tissue present at the repair site. Hematoxylin and eosin (H&E) staining is
commonly used, with dark pink staining representing mineralized collagen and light pink staining signifying
ﬁbrous tissue [14]. Safranin O staining is used to determine the presence of proteoglycans [15]. Tissue stained
with toluidine blue shows collagen matrix as blue and glycosaminoglycans as purple [16].
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The stained samples are then evaluated with various scoring systems, including the Pineda system, O’Driscoll
system, and ICRS-1 and ICRS-2 systems. The Pineda system rates four features, including defect ﬁll,
osteochondral junction integrity, matrix stain, and morphology of the cells [17]. The O’Driscoll system includes
a rating of the tissue surface on regularity and integrity, thickness, integration with surrounding tissue, cellularity
and cell clustering, and degenerative changes in surrounding tissue [18]. The ICRS rating systems include
evaluation of the tissue surface, matrix, cellularity, cell viability, subchondral bone, and mineralization. For
ICRS-1, the components are rated from 0 to 3, while ICRS-2 uses a continuous VAS rating from 0 to 100 [19,
20]. The use of these scoring systems in both animal and human cartilage trials allows for a consistent reporting
of outcomes and evaluation of parameters linked to successful and sustained clinical results.
Macroscopic scoring systems have been developed to evaluate the gross appearance of cartilage restoration
procedures at the time of second-look arthroscopy. One scale is the ICRS score. This score ranges from 0 to 12
and includes three categories rated as 0–4: amount of defect ﬁll, integration with adjacent cartilage, and
macroscopic appearance of the repair tissue [21]. A second score is the Oswestry Arthroscopy Score, which is
scored from 0 to 10. Components of this score include graft ﬁll, integration with adjacent cartilage, surface
appearance, graft color, and stiffness of repair tissue [22]. Van den Borne et al. reviewed the reproducibility and
validity of both measurements and found both scoring systems to be reproducible methods for evaluating
cartilage restoration procedures [23].
While histologic and macroscopic appearance of cartilage repair tissue would intuitively predict clinical
outcomes, deﬁning failure based on these measures alone is insufﬁcient. For instance, Knutsen et al. compared
microfracture and ACI in a randomized trial and found no correlation between histologic appearance of repair
tissue from a biopsy at 2 years after surgery and clinical outcomes or failure (23% in both groups), deﬁned in this
study as reoperation for a symptomatic defect before the ﬁnal follow-up of 5 years [24]. In comparing
microfracture and ACI, Saris et al. reported better histologic appearance of ACI at 1 year postoperative [25],
though in a follow-up report on the same cohort, Vanlauwe et al. showed no difference between clinical
outcomes between the groups at 5 years after surgery [26]. Finally, Gudas et al. reported on the ICRS
macroscopic score at second-look arthroscopy in a randomized controlled trial comparing OATS and
microfracture [27]. There was no difference in the clinical outcomes for groups with low-grade or high-grade
ICRS scores. Future research will deﬁne which histologic and macroscopic properties are able to predict success
and failure after cartilage repair procedures.

Subjective Outcomes
Patient-reported outcomes are an attractive metric to use when deﬁning procedure-speciﬁc success and failure.
These scores are collected in the form of survey questions and can be obtained at both scheduled follow-up visit
and remotely through electronic- or telephone-based surveys. General health-related quality of life scores, such
as the Short Form (SF)-36, are often collected to follow patients after cartilage restoration procedures, in addition
to joint-speciﬁc scores and activity ratings. Patient-reported outcome measures help focus the deﬁnition of
success and failure on the patient’s perceived beneﬁt from any intervention.
Joint-speciﬁc scores evaluate the symptoms, function, and level of disability and may better isolate the effects of
a chondral injury and its treatment. The International Knee Documentation Committee (IKDC) Subjective Knee
Form is a joint-speciﬁc outcome tool used to evaluate symptoms and function in the setting of knee ligament,
meniscus, and chondral injury [28]. The IKDC score ranges from 0 to 100, with higher scores reﬂecting better
knee function. The Knee Injury and Osteoarthritis Outcome Score (KOOS) is a second knee-speciﬁc score that is
validated in measuring knee symptoms and function for osteoarthritis, meniscal injuries, and ligamentous
injuries. The KOOS encompasses ﬁve sub-scores, including scores for activities of daily living, sports and
recreation function, pain, symptoms, and knee-related quality of life. This score is also reported from 0 to 100,
with higher scores reﬂecting better outcomes and function.
The Lysholm score was originally described to measure functional outcomes after knee ligament injury and has
been validated to monitor cartilage repair procedures, as well [29, 30]. In a meta-analysis of cartilage repair
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studies that included the results of 61 studies and 3987 operations, the Lysholm score was the most frequently
reported clinical outcome score [9]. This score may be monitored prior to and after treatment, and a Lysholm
score <64 has been described as a marker of clinical failure [31]. The WOMAC (Western Ontario and McMaster
Universities Osteoarthritis Index) also measures function and symptoms as a result of knee conditions [32]. This
survey has been tested most in the setting of osteoarthritis though it was shown to have similar responsiveness as
the IKDC Subjective Knee Form in a group of chondral injury patients [33]. Other scores, such as the HSS and
Cincinnati scores, are also utilized to monitor the response to treatment of articular cartilage injuries.
These various survey instruments show different responses in patients after cartilage restoration procedures.
Ebert et al. compared responses to the KOOS, SF-36, Tegner, and Lysholm outcome measures 5 years after
matrix-induced autologous chondrocyte transplantation [34]. The KOOS sports and quality of life sub-scores
were the most responsive scores that showed the best correlation with a patient satisfaction. The Tegner score
and SF-36 had the lowest responsiveness in this patient cohort. Hambly and Griva compared the KOOS and
IKDC in patients with a history of knee articular cartilage repair surgery [35]. The IKDC Subjective Knee Form
was found to perform better than the KOOS in this heterogeneous patient population. In general, the IKDC
Subjective Knee Form should be recorded and reported in clinical trials on the treatment of articular cartilage
injuries.
In addition to measuring patient symptoms and function, deﬁning patient activity levels is also important when
interpreting results from cartilage-resurfacing studies. Multiple activity scales are used, including the Tegner
activity score and Marx activity rating scale. The Tegner activity score is a 0–10 scale that asks patients to rate
their level of function, ranging from disability due to a knee condition to competing in elite-level sports. The
Marx activity rating scale has four domains and asks patients to rate their ability to participate in running,
cutting, pivoting, and decelerating. The use of activity ratings, both before and after cartilage restoration
procedures, can reﬂect how successful a procedure is at restoring patients to a desired level of function.
For athletes, return to play and return to prior performance rates may provide even more guidance regarding the
optimal treatment. Krych et al. performed a meta-analysis to evaluate return to play rates for various cartilage
procedures. In this evaluation of 44 studies, osteochondral autograft transfer (OATS) showed the highest rate of
return at 92%, while microfracture had the lowest rate at 58%. The rate for ACI was 82% and for osteochondral
allograft was 88%. Additionally, OATS patients returned the quickest following the procedure, at a mean of
5.2 months, as compared to 9.1 months for microfracture, 9.6 months for osteochondral allografts, and
11.8 months for ACI. The overall return to sport rate in this study including 2549 patients was 76%. When
treating an athletic patient, the deﬁnition of failure may become even more stringent with return to play as the
primary criterion. Related to that endpoint is the fact that many athletes withdraw from sports for a variety of
reasons unrelated to their clinical outcome and true return to play frequency may be underestimated.

Imaging-Based Endpoints
Imaging modalities can allow for a noninvasive and objective assessment after cartilage repair procedures.
Magnetic resonance imaging (MRI) is commonly used in clinical trials to provide an in vivo assessment after
cartilage procedures. This imaging modality is attractive as there is no ionizing radiation used and there is
excellent soft tissue contrast. Additionally, multiple quantitative imaging techniques have been developed and
applied speciﬁcally to cartilage to evaluate the biochemistry and microscopic structure of repair tissue.
First, MR images may be evaluated in a semiquantitative method. One such scoring system commonly utilized is
the magnetic resonance observation of cartilage repair tissue (MOCART) system. This scoring system has
excellent interobserver agreement and includes evaluation of defect ﬁll, integration with surrounding tissue,
surface integrity, signal intensity, subchondral bone status, the presence of adhesions, and degree of synovitis
[36]. Studies have demonstrated correlations of the MOCART score with a VAS pain score [37, 38], with the
KOOS [38, 39], and with IKDC scores. However a recent systematic review found inconsistent relationships of
MOCART with clinical outcomes, perhaps because of the multiple components of the scoring system [40]. For
instance, defect ﬁll alone has been shown to be correlated with clinical outcomes after microfracture [41, 42].
http://eprooﬁng.springer.com/books_v2/printpage.php?token=RXpvO8Xg-Gq7YkaEgbka2se0DRj4aanYawXZzXﬁfds

4/8

10/10/2018

e.Prooﬁng | Springer

Multiple quantitative imaging sequences offer the ability to probe the biochemical and structural makeup of
tissue. First, delayed gadolinium-enhanced magnetic resonance imaging of cartilage (dGEMRIC) utilizes
intravenous gadolinium contrast material to measure the proteoglycan content in the cartilage. A preinjection
scan is completed, followed by the administration of contrast material, a period of exercise, and a re-scan of the
affected joint. Due to the negative charge of gadolinium, the results of this scan give a direct measurement of
proteoglycan content. The dGEMRIC relaxation rate has been correlated with IKDC, Lysholm, and KOOS
scores after treatment of chondral lesions with osteochondral allograft and ACI [43, 44].
Multiparametric MR sequences, such as T1rho and T2 mapping, can also provide detailed information on the
biochemical composition of the cartilage without exogenous contrast. The T1rho relaxation time is proportional
to the proteoglycan content in the tissue and has been used to monitor changes in the composition of cartilage
repair tissue [45, 46]. T2 mapping provides information on the collagen structure of cartilage and repair tissue
[45]. There have been variable reports on whether T2 mapping values are correlated with subjective outcome
scores after different cartilage repair surgeries [43, 44, 47, 48].
While the relationships between imaging parameters and clinical outcomes are not fully deﬁned, there is great
potential for these studies to serve as objective, noninvasive biomarkers for success and failure after cartilage
repair procedures. Characterizing the macroscopic and microscopic properties of repair tissue through MRI can
provide an alternative to second-look arthroscopy and biopsy. These imaging techniques offer the possibility for
an earlier deﬁnition of the likelihood success or failure of new repair procedures before the deterioration of
clinical function.

Conclusions
Deﬁning success and failure is a complex question with regard to outcomes after cartilage restoration surgery.
Failure may be variably deﬁned as subsequent surgery, progression to arthroplasty, lack of improvement in
outcome measures, lack of hyaline-like repair tissue, or poor appearance on imaging studies. When designing
and reporting on clinical trials for cartilage injuries, multiple deﬁnitions of failure should be included. Early
endpoints should encompass factors such as imaging parameters that may be predictive of long-term function,
while longer-term studies may focus more on reoperation rates, ability to meet predeﬁned outcome score
thresholds, and conversion to arthroplasty surgery. All trials should incorporate patient-reported outcome
measures, activity measures, and satisfaction scores to gauge whether patient-deﬁned goals are met with speciﬁc
procedures. Once this information is widely available, surgeons can better counsel and provide guidance on
success and failure rates based on speciﬁc patient goals.
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