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Abstract
Objective. To investigate survival of cartilage repair in the knee by microfracture (MFX; n = |19) or mosaicplasty

osteochondral autograft transfer (OAT; n = 84). Design. For survival analyses, “failure” was defined as the event of a
patient reporting a Lysholm score <65 or undergoing an ipsilateral knee replacement. The Kaplan-Meier method was used
for construction of a survival functions plot for the event “failure.” Log rank (Mantel-Cox) test was used for comparison
of survival distributions in the 2 groups. Results. The long-term failure rate (62% overall) was significantly higher in the
MFX group (66%) compared with the OAT group (51%, P = 0.01). Furthermore, the mean time to failure was significantly
shorter (P < 0.001) in the MFX group, 4.0 years (SD 4.1) compared with the OAT group, 8.4 years (SD 4.8). In the OAT
group, the survival rate stayed higher than 80% for the first 7 years, and higher than 60% for 15 years, while the survival
rate dropped to less than 80% within 12 months, and to less than 60% within 3 years in the MFX group, log rank (Mantel-
Cox) 20.295 (P < 0.001). The same pattern was found in a subgroup of patients (n = 134) of same age (<51 years) and size
of treated lesion (<500 mm?), log rank (Mantel-Cox) 10.738 (P = 0.001). The nonfailures (48%) were followed for median
I5 yeas (1-18 years). Conclusions. MFX articular cartilage repairs failed more often and earlier than the OAT repairs, both
in the whole cohort and in a subgroup of patients matched for age and size of treated lesion, indicating that the OAT repair
is the more durable. Level of evidence. Therapeutic study, Level lll.
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long-term results.'”'**' Furthermore, utilization of survival
analyses of the cartilage repair has been used sparingly.'”
The present work aimed to compare the long-term sur-
vival of the cartilage repair by the 2 methods (MFX and
OAT). By use of the Kaplan-Meier method, a survival func-
tions plot was constructed for the event “failure,” defined as
a poor Lysholm score (<65 points)** or a knee replacement.
Log rank (Mantel-Cox) test was used for comparison of sur-
vival distributions in the 2 groups. The null hypothesis was

Introduction

Intact hyaline cartilage and synovial fluids provide the basis
for a low-friction pain-free movement of synovial joints,
and chondral lesions disrupt this homeostasis. Unfortunately,
articular cartilage defects are common, seen in up 19% of
patients undergoing knee arthroscopies.' With their debili-
tating effect on knee function and quality of life> and little
potential for healing they continue to represent a challenge

for orthopedic surgeons.”

Various cartilage repair techniques, such as microfrac-
ture (MFX)™® and osteochondral autograft transfer (OAT)’
have displayed acceptable short-term results in many
patients. However, few patients regain a normal pain-free
function.*® Several studies have also indicated that results
seem to deteriorate with time.!®!® Thus, there is a need for
further studies analyzing results over time, assessing
patient-related outcomes and secondary surgery, including
the need for knee replacement.'*'® Until date, few compara-
tive studies on MFX and OAT have been published with

that occurrence of failure did not differ between the 2
methods.
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Materials and Methods

All patients undergoing a cartilage repair procedure at our
institution from 1998 to 2003 were registered prospectively.
Data were acquired from standardized forms completed by
both the patient and the surgeon. The form contained details
about preoperative symptoms and function (including the
Lysholm score), and details about the articular cartilage proce-
dure, including localization and size of the articular cartilage
defect, similar to the system recommended by the International
Cartilage Repair Society.” The data were stored in a local data-
base (Access, Microsoft Corporation, Redmond, WA, USA).

Patients of age 60 years or younger at the time of sur-
gery; with 1 to 3 symptomatic focal full-thickness articular
chondral defects of the knee (verified by arthroscopic
examination) treated with either MFX or OAT technique
were included in the study. Exclusion criteria (applied at the
time of surgery) were the following: joint space narrowing
(to a space <4 mm) on standard anteroposterior radiographs,
more than 5° varus or valgus malalignment, previous or
concurrent realignment surgery, ligament instabilities, or
the inability to follow the rehabilitation protocol.

Outcome evaluation was performed by the Lysholm
score”?* and any report of the patient undergoing a knee
replacement of the same knee (after the index surgery).
Data were prospectively collected before the operation
(baseline) and at several time points after the surgery. For
the first few years data were collected at routine check-ups
at the outpatient department, thereafter by the patients com-
pleting and returning standardized questionnaires sent by
mail every 2 to 3 years until 2017.

Surgical Technique

After an arthroscopic evaluation, an MFX or an OAT proce-
dure was performed. The choice of procedure was based on
the surgeon’s preference, and patient’s wishes, in the cur-
rent case. The lesion was debrided down with curettes to
subchondral bone, and around the edges until only healthy
surrounding cartilage remained. The size of the lesion was
calculated as millimeters squared after measuring the length
and width using a meniscal probe.'

The MFX procedure was performed as described by the
Steadman et al.® Angled awls were used for piercing the sub-
chondral bone plate, placing microfracture holes 3 to 4 mm
apart. The inflow was stopped, and the flow of marrow ele-
ments from the openings was verified. The OAT procedure
(Smith and Nephew Inc., Andover, MA, USA) was per-
formed as described by Hangody et al.”* Grafts were har-
vested from the periphery of the femoral condyles at the level
of the patellofemoral joint and transplanted to corresponding
burr holes in the defect. The procedure was performed using
an arthroscopic approach, a mini-arthrotomy (in most cases;
allowing both harvesting and transplanting through the same
incision) or, when mandatory, by a full arthrotomy.

Rehabilitation

Both procedures received the same rehabilitation protocol.
Continuous passive motion was started within a few hours
after the operation and was continued for the duration of the
stay in hospital (4-7 days). The patients were instructed in
the use of crutches by a physiotherapist and maintained
foot-touch weightbearing for 6 weeks. Thereafter, full
weightbearing was gradually introduced. Physiotherapy
was continued after discharge. Initial exercises included
stretching, straight-leg rises, and passive motion, further
progressing gradually through active closed-chain exer-
cises, including stationary bicycling to dynamic weight
training.”® The ethical committee at our institution reviewed
and approved of the study (HDS ID 1998-0201). All patients
gave their informed consent prior to inclusion.

Statistical Analyses

Statistical analyses were performed with the Statistical Package
for the Social Sciences (IBM Corporation, Armonk, NY, USA)
on a personal computer. An a priori P value less than 0.05 was
considered statistically significant. As measures of central
location and spread of data, mean and standard deviation (SD)
or median and range were calculated. A 2-tailed unpaired ¢ test
was used to compare the sets of continuous data between sub-
groups of the patient population. For comparing binominal
data of subgroups, the chi-square test was used.

For survival analyses, “failure” was defined as the
patient reporting a poor Lysholm score <65 points (at the
1-year follow-up, or later)** and/or undergoing an ipsilat-
eral knee replacement procedure.'® Time from the index
cartilage surgery until (a) the event of failure (regardless of
whether a poor Lysholm score or a knee replacement was
reported first) or () the last follow-up with survival of the
repair, was recorded and used for analyses. The Kaplan-
Meier method was used for construction of a survival func-
tions plot for the event “failure.” Log rank (Mantel-Cox)
test was used for comparison of survival distributions in the
2 groups (MFX and OAT). Analyses were conducted for the
whole patient population (n = 203) as well as for a subgroup
of patients aged 50 years or younger, with the repair of a
total defect area <500 mm? (n = 134).

Results

Atotal 0f 203 patients were eligible for inclusion. The time of
failure of the cartilage repair, or a latest known time of non-
failure (censored data) were available on all eligible patients.
Thus, 118 males and 85 females, with a median age at sur-
gery 36 years (range 15-60 years) were included. A total of
119 patients were treated by the MFX technique, while 84
cases had an OAT procedure performed (Table 1). At the
time of surgery, median symptom duration was 60 months
(range 1-360 months). The right knee (62%) was more often
treated than the left knee (38%). The treated lesion, or the
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Table |. Patient Demographics and Baseline Characteristics (Total Study Population n = 203).”

Microfracture (n = 119) Mosaicplasty (n = 84) P
Male/female, n 69/50 49/35 0.96 (n.s.)
Age at surgery, years 38 (1) 35(9) 0.03*
Duration, months 77 (65) 78 (73) 0.95 (n.s.)
No. of previous surgeries 1.7 (1.5) 1.8 (1.4) 0.58
Right/left knee, n 68/51 57127 0.12 (ns.)
Treated area, mm? 480 (290) 300 (110) <0.001*
Patellofemoral joint, % 27 31 0.55 (n.s.)
Baseline Lysholm score 47 (18) 47 (16) 0.76 (n.s.)

n.s. = not significant.
*Values are presented as mean (SD) unless otherwise indicated.
*Statistically significant difference.

largest of multiple treated lesions, was located on the medial
femoral condyle (58%), patella (15%), trochlea (14%), lat-
eral femoral condyle (7%), or lateral tibial plateau (6%). We
treated 1 (75%), 2 (21%), or 3 (4%) lesions with a median
defect size of 350 mm? (range 100-1700 mm?).

A total of 125 (62%) cartilage repairs were noted as fail-
ures at median 4 years (range, 1-18 years) after the surgery.
The nonfailures (48%) were followed for median 15 years
(range, 1-18 years). This latter group of repairs (with cen-
sored data) included 6 patients that were deceased during the
study period, 4 in the MFX group and 2 in the OAT group
(not significance). The reported failure rate was significantly
higher in the MFX group (66%) compared with the OAT
group (51%, P = 0.011). Furthermore, mean time to failure
was significantly shorter (P < 0.001) in the MFX group, 4.0
years (SD 4.1) compared with the OAT group, 8.4 years (SD
4.8). The difference in failure rate was greatest at 5 years.
Thereafter, the difference diminished (Fig. 1). In the OAT
group, the survival rate stayed higher than 80% for the first
7 years, and higher than 60% for 15 years, while the survival
rate dropped to less than 80% within 12 months, and to less
than 60% within 3 years in the MFX group (Fig. 1), log rank
(Mantel-Cox) 20.295 (P < 0.001).

In the total study group, the mean age was higher (P =0.03)
and the mean treated area was larger (P < 0.001) in the MFX
group compared with that of the OAT group (Table 1). Thus,
to compare groups with similar predictive characteristics, the
same analyses were repeated for a subgroup of patients (n =
134) of same age (<51 years) and size of treated lesion (<500
mm®) (Table 2). The survival analyses of the repair, as dis-
played by a Kaplan-Meier plot (Fig. 2) showed very similar
results to that of the total study group, in favor of the OAT
procedure, with a log rank (Mantel-Cox) 10.738 (P =0.001).

Discussion

We have previously published medium-term''*” and 10- to
14-year follow-up™*’ data for the MFX and OAT
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Figure 1. Kaplan-Meier survival functions plot for the event
“failure” (a knee replacement procedure in the same knee or
Lysholm score <65) after cartilage repair surgery (Mosaicplasty
solid line; Microfracture dashed line) of the total study
population (n=203).

procedures, separately. Furthermore, we have recently
compared long-term >15 years outcome for the 2 methods
in subgroups of the present material.***' In the present
study, we performed survival analyses for the total cohort
of patients that had undergone MFX or OAT cartilage
repair procedures at our clinic up to 18 years earlier. Thus,
the study spans nearly 18 years. All patients included in
the study are accounted for; either by the time of failure
(in which case no more follow-up was needed), or by the
last known point of time (the number of years since the
surgery) that the individual was still a nonfailure. This lat-
ter group (with censored data) were followed for median
15 years (1-18 years) and included 6 deceased patients.
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Table 2. Patient Demographics and Baseline Characteristics of a Subgroup of Patients Aged 51 Years or Younger Treated for

Defects with a Total size <500 mm? (n = |34).

Microfracture (n = 61) Mosaicplasty (n = 73) P
Male/female 34/27 43/30 0.71 (n.s.)
Age at surgery, years 33 (9) 34 (8) 0.72 (n.s.)
Duration, months 69 (64) 82 (74) 0.41 (ns.)
No. of previous surgeries 1.7 (1.5) 1.9 (1.5) 0.41 (n.s.)
Right/left knee, n 40/21 48/25 0.12 (nss.)
Treated area, mm? 310 (100) 280 (99) 0.10 (n.s.)
Patellofemoral joint, % 23 30 0.35 (n.s.)
Baseline Lysholm score 48 (19) 47 (15) 0.84 (n.s.)

n.s. = not significant.
*Values are presented as mean (SD) unless otherwise indicated.
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Figure 2. Kaplan-Meier survival functions plot for the event
“failure” (a knee replacement procedure in the same knee or
Lysholm score <65) after cartilage repair surgery (Mosaicplasty
solid line; Microfracture dashed line) of a subgroup stratified for
age and size of treated lesion (n=134).

The most important finding was that MFX articular carti-
lage repair failed more often and earlier than OAT repairs,
both in the whole study population (n = 203) as well in a
subgroup of patients (n = 134) of same age (<51 years) and
size of treated lesion (<500 mm?). In the OAT group, the
survival rate was higher than 80% for the first 7 years, and
higher than 60% for 15 years, while the survival rate dropped
to less than 80% within 12 months, and to less than 60%
within 3 years in the MFX group. Thus, based on the results
of the present (non-randomized) survival study, it seems that
the OAT technique results in a more durable cartilage repair.

In the present study, the Lysholm score® was used for
evaluating symptoms and function of the knee. The Lysholm

score has been used in many studies of cartilage surgery,
including microfracture and mosaicplasty/OAT'®'*#*3% and
(the score) has demonstrated good psychometric perfor-
mance for outcome assessment of various chondral disor-
ders of the knee.** Still, we recognize that other researchers
may have preferences for other/newer knee score systems.
In response, we would like to point out that the choice of the
outcome measures was made almost 20 years, and that new
knowledge on outcome evaluation will always be a chal-
lenge for studies that span over a long period of time.

One of the main difficulties with assessing the outcome
in long-term clinical studies on articular cartilage repair, is
that an increasing percentage of the patients are having their
(ipsilateral) knee replaced as osteoarthritis develops and
progresses as the years pass by.'® As a knee score is often
the main outcome variable, authors tend to exclude the
replacement (failure) cases, acknowledging that the score
represents the knee replacement and not the original carti-
lage report.'"® However, by reporting the average score for
only the nonfailures, a large bias (toward reporting too opti-
mistic results) is introduced.

Furthermore, “failure” is often restricted to the occurrence
of aknee replacement, disregarding the fact that many patients
experience a poor result without undergoing a knee replace-
ment."®*" Thus, we have previously introduced the term
“failed cartilage repair” (or “poor result”) defined as the
occurrence of knee replacement surgery and/or a Lysholm
score <65.% For the survival analyses, the occurrence of any
of the 2 latter events (whichever occurring first) identified
“failure.” Other authors have included other more minor rein-
terventions (than a knee replacement) as a failure.'” However,
by including the event of the Lysholm score dropping to less
than 65 points as a failure, any reintervention would generally
be picked up, as it would be predated (and initiated) by a poor
outcome (even if the new procedure improved the symptoms
and precluded/delayed a knee replacement).

Another important difficulty in long-term clinical stud-
ies on articular cartilage repair, is the increasing difficulty
in maintaining a high follow-up rate, as the patients move;
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get bored answering the questionnaires; get old and men-
tally reduced; or die. Using survival analyses solves this
issue by introducing “censored data,” the recording of the
latest point of time of survival (in patients with repair that
do not fail during the study period). Furthermore, when the
repair fails, the time is recorded and no more follow-up is
needed to perform the calculations.

Events of failure accumulated steadily from 12 months up
to 18 years after surgery (more so in the MFX group), support-
ing the notion that long-term studies are important to display
outcomes over time after an intervention. Still, most compara-
tive studies on MFX and OAT to date have only short- to mid-
term follow-up evaluation and we are aware of only one
previously study reporting the long-term survival of cartilage
repair after MFX procedure versus OAT."” The patterns of the
survival curves are strikingly similar in the randomized study
by Gudas et al.'” and the present, nonrandomized, work. In
both studies, MFX repairs start to fail the first few years
whereas the OAT repairs seem to be more durable.

The better outcome by the OAT procedure (vs. MFX)
could possibly be related to the type of repair tissue formed
in the treated defect. The MFX technique rely on the release
of pluripotent mesenchymal stem cells being released from
the bone marrow. Although this can sometimes lead to a
hyaline-like cartilage repair,”® the procedure generally
results in fibrocartilage or fibrous repair tissue.”***** This
latter type of tissue offers little mechanical protection of
the underlying—exposing pain-fiber innervated bone** and
making it less resistant to wear and tear. In contrast, by the
OAT procedure, the articular cartilage defect is replaced, at
the time of surgery, by a mosaic of transplants of normal,
healthy, hyaline cartilage and subchondral bone.”
However, the long-term results may still be hampered by
donor defect morbidity; inadequate bonding between the
cylinder grafts and the normal surrounding cartilage; and
any misplacement of cartilage cylinders.

The strengths of the current study include a high follow-
up rate; a large patient population; a long follow-up time;
and the use of prospective data collection. The weaknesses
include the lack of randomization of treatment type and a
control group with a nonsurgical treatment strategy; and not
including newer knee rating devices in addition to the
Lysholm score. Furthermore, neither a routine second-look
arthroscopy nor a magnetic resonance imaging examination
was performed to evaluate the repair. Finally, the study does
not include routine radiological evaluation of the develop-
ment of osteoarthritis.

Conclusion

In 2 cohorts of different cartilage repair methods used, a
nonrandomized comparison was performed. The MFX

articular cartilage repairs failed more often and earlier than
the OAT repairs. The same finding was evident in a selected
subgroup of patients of same age and size of treated lesion
across the 2 methods. The results indicated the need for
continued follow-up evaluation after surgical treatment for
articular cartilage defects and, although limitations apply to
the current work, the results indicate that OAT repair is the
more durable of the 2 evaluated methods.
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