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Abstract Young patients with early osteoarthritis wish-
ing to remain functionally active have limited treatment
options. Existing studies examining the use of autologous
chondrocyte implantation (ACI) have included patients
with early degenerative changes; however, none specifi-
cally investigated the outcome of ACI with this challenging
problem. We prospectively followed 153 patients (155
knees) for up to 11 years after treatment with ACI for
early-stage osteoarthritis. Patient pain and function was
assessed using WOMAC, modified Cincinnati, SF-36,
Knee Society score, and a satisfaction questionnaire. Mean
patient age was 38.3 years. On average, 2.1 defects were
treated per knee; the mean defect size was 4.9 cm? and
total area per knee was 10.4 cm”. Eight percent of joints
were considered treatment failures that went on to
arthroplasty and the remaining patients experienced 50% to
75% improvement in WOMAC subscales. Our data suggest
that ACI in patients with early osteoarthritis results in
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clinically relevant reductions in pain and improvement in
function. At 5 years postoperatively, 92% of patients were
functioning well and were able to delay the need for joint
replacement. Given the limited number of treatment
options for this subset of patients, autologous chondrocyte
implantation may offer improved quality of life for young
osteoarthritic patients.

Level of Evidence: Level IV, case series. See Guidelines
for Authors for a complete description of levels of
evidence.

Introduction

Osteoarthritis is a prevalent [4, 12-14] disease that is
expected to become symptomatic in almost half the U.S.
population within their lifetime [23, 39, 47]. It causes
considerable pain, functional limitation, deterioration of
health-related quality of life and, in some cases, symptoms
of depression [10, 18, 20, 22, 38, 42, 69]. This is especially
worrisome for young patients with early degenerative
changes because of their high functional demands and long
active lifespan. The presence of even asymptomatic
chondral defects doubles the rate at which cartilage is lost
when compared to intact knees [15], a finding that was
confirmed in another study demonstrating disease pro-
gression in 81% chondral defects over only 2 years [17].
Surgeons who treat young osteoarthritic patients face the
challenge of alleviating debilitating symptoms and satis-
fying patient expectations of returned function, a task that
is further complicated by the limited number of available
treatments. Pharmaceutical interventions, such as nonste-
roidal antiinflammatory, steroid, and hyaluronan injections,
provide symptomatic relief but do not stop or delay disease
progression. Arthroscopic débridement or chondroplasty
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has demonstrated disappointing results for the treatment of
degenerative changes in the knee [46]. Knee arthroplasty in
young patients remains controversial: while the outcomes
of primary total knee arthroplasty are among the best of
any orthopaedic procedure, revision arthroplasty is asso-
ciated with substantially worse outcomes [57] and,
presuming a normal lifespan, at least one revision would be
a near-certainty in patients having arthroplasty in their late
30s and early 40s or earlier. We therefore routinely attempt
to delay arthroplasty as long as possible, oftentimes at great
cost to the patient in terms of persistent pain, limited
function, and pain medication use. Alternative treatments
for this subset of osteoarthritic patients would therefore be
important to delay the need for primary knee arthroplasty
to a more advanced age when the arthroplasty might outlast
the patient’s lifetime, thus avoiding the need for revision
surgery.

Autologous chondrocyte implantation (ACI) produces
hyaline-like repair tissue [9, 45] in full-thickness cartilage
defects and functional improvement with up to 10 years of
followup [53-55]. Limited data available on the use of ACI
in early osteoarthritis suggest this intervention can reduce
symptoms and increase function [43, 44, 59]; however,
results are preliminary.

The purpose of this study was to (1) report on the overall
failure rate, as defined by revision with arthroplasty, of
ACI in a population of young patients with early osteoar-
thritic changes; (2) describe the functional outcomes seen
with this procedure; (3) investigate potential differences in
patients requiring concurrent osteotomies; and (4) describe
subsequent surgical procedures that become necessary after
ACL

Patients and Methods

This cohort study utilized patients from our cartilage repair
database, which includes all patients treated with ACI
(Carticel; Genzyme BioSurgery, Cambridge, MA) by the
senior author (TM). Institutional review board approval
was obtained at its onset in March 1995. All patients pro-
vided informed written consent at the time they entered
into the database and were followed with questionnaires at
regular intervals to document changes from their preoper-
ative baseline. We utilized the following criteria to
determine whether patients were suitable to undergo
treatment of cartilage defects with ACI: full-thickness
chondral defect(s) Outerbridge Grade 3 or 4 [52] of the
knee with consistent history, physical examination, imag-
ing and arthroscopy; no inflammatory joint disease,
unresolved septic arthritis, deficient soft tissue coverage,
metabolic or crystal disorders; no or correctable ligamen-
tous instability, malalignment, or meniscal deficiency; not
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more than 50% loss of joint space on weight-bearing
radiographs. Specific inclusion criteria for the present study
were: (1) minimum followup of 2 years; and (2) evidence
of early arthritis, as defined by radiographic and clinical
criteria: radiographically, patients were eligible if they had
peripheral intra-articular osteophyte formation and/or 0%
to 50% joint space narrowing as defined by Ahlback Stage
0 or 1 classification [1]. Clinically, patients were also
included if they had normal radiographs but evidence of
bipolar (kissing) lesions, or generalized chondromalacia
noted at the time of surgery. There were no exclusion
criteria. From among the more than 500 patients treated
with ACI at our center since March 1995, 328 had com-
pleted more than 2 years of followup by the time data
collection began for this study, having been treated
between March 1995 and November 2004. From among
this group, 153 patients with 155 treated knee joints had
been classified as having early osteoarthritis by the
abovementioned criteria and were therefore included in the
study (Table 1).

The autologous chondrocyte implantation (ACI) proce-
dure was performed as described previously [9, 24, 45, 54,
55]: in summary, after initial arthroscopic cartilage biopsy,
chondrocytes were cultured (Genzyme BioSurgery) for 4 to
6 weeks. Patients then returned for reimplantation, which

Table 1. Demographic data of study patients and defect
characteristics

Baseline characteristics Value

Number of patients (knees) 153 (155)
Followup [%] 87

Age, mean (range) [years] 38.3 (17-60)
Followup, mean (range) [months] 64.2 (24-132)
Females—Males 70-83

Worker’s compensation, % of patients 22/153 (14%)

Osteochondritis dissecans, % of knees 12/155 (8%)

Mean number of defects per knee 2.1
Mean size (range) of primary lesion [cm?] 6.7 (1-15.1)
Mean size (range) across all lesions [cm?] 4.9 (0.6-15.1)

Mean total resurfaced area (range) per knee [em?] 104 (1.5-31.6)

Defect location

Medial femoral condyle 115
Trochlea 85
Patella 60
Lateral femoral condyle 45

Medial tibial plateau
Lateral tibial plateau
Bipolar (kissing) defects

Patellofemoral 30 joints
Medial compartment 6 joints
Lateral compartment 6 joints
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was performed through a standard arthrotomy. Degener-
ated cartilage, as well as the layer of calcified cartilage,
was removed from the defect leaving a stable shoulder of
healthy cartilage; defect size was then measured. Perios-
teum was harvested from the proximal tibia or distal femur
and sutured over the defect with multiple, interrupted 6-0
Vicryl sutures. The suture line was water-proofed with
fibrin glue (Tisseel; Baxter Biosurgery, Deerfield, IL)
sealant and the chondrocytes were injected underneath the
patch to fill the defect.

An average of 2.1 defects per knee was treated with an
average defect size of 4.9 cm” and a total treated surface
area of 10.4 cm? per knee joint. Lesions were most com-
monly located in the following location, by order of
incidence: medial femoral condyle, trochlea, patella, and
lateral femoral condyle. Bipolar (kissing) lesions were
present in 27% (42 of 155) of knee joints. In addition to
ACI, many concurrent procedures were performed, most
commonly to correct tibiofemoral malalignment in 31%
(48 of 155) and patellar maltracking in 28% (44 of 155) of
implanted knees (Table 2).

Patients with 2° or more of malalignment were treated by
realignment osteotomy and overcorrected by 2° to unload
and optimize the mechanical environment of the compro-
mised compartment. We intentionally avoided additional
overcorrection by 3° to 5° as recommended for isolated
osteotomy [16], due to the risk of overload and accelerated
failure of the contralateral compartment, but rather corrected
the weight-bearing line to the contralateral tibial spine.
Patients with patellofemoral defects had a concurrent an-
teromedialization tibial tubercle osteotomy, lateral release,
and vastus medialis obliquus advancement if there was evi-
dence of patellar subluxation and tilt as noted by physical
examination, radiographs, and/or CT scan assessment.

The postoperative rehabilitative protocol focused on
graft protection and restoration of motion, muscle tone, and
control. Rehabilitation was progressed in stages: Stage I
(weeks 1-6 after surgery) included touch-down weight
bearing on two crutches in a brace, the use of continuous
passive motion (CPM) for 6 to 8 hours per day, range-of-
motion (ROM) and isometric muscle exercises; Stage II

Table 2. Overview of procedures performed concurrently with ACI

Procedure Number
High-tibial osteotomy
Opening wedge 11
Closing wedge 36
Distal femoral osteotomy 1
Tibial tubercle osteotomy 44
Ligament reconstruction
Meniscal allograft transplantation 7

(7-12 weeks) included active ROM exercises, functional
muscle usage, and progression from partial to full weight
bearing at 12 weeks after the index surgery. Stage III
(12 4+ weeks) continued to advance functional activities.
Patients were restricted from inline impact activities (run-
ning) for 12 to 18 months and from cutting sports for at
least 18 months. The protocol was adjusted by the senior
surgeon for each patient’s specific reconstruction, concur-
rent procedures, degree of graft maturation, and previous
activity level.

The outcome evaluation was performed with five vali-
dated, generic- and disease-specific instruments measuring
changes in symptoms, function, and sports activity level to
avoid ceiling and floor effects. Data were routinely col-
lected preoperatively, at 1 and 2 years postoperatively, and
then biennially; only the preoperative, 2-year, and final
followup data for each patient were analyzed for this study.
Patients completed questionnaires including an overall
well-being and quality-of-life survey (Short Form-36) [66],
a knee-specific (Knee Society score, KSS) and sports
activity-based instrument (modified Cincinnati Rating
scale) [50], and a generalized nonspecific arthritis score
(WOMAUQ) [7]. Also, they were asked to answer questions
pertaining to their satisfaction with the procedure. Ques-
tionnaires were answered independently by the patients
without physician interaction, mostly at home, and mailed
in. Patients presented for clinical, postoperative followup
as dictated by standard clinical routine.

The WOMAC osteoarthritis index is a disease-specific,
self-administered instrument that was used to measure
patient pain, stiffness, and physical function. This health
status instrument has been statically tested for reliability,
validity, and responsiveness in a number of osteoarthritic
populations [21, 63]. Questions consist of five-point Likert
scales (score of 0 = none, 1 = slight, 2 = moderate,
3 = severe, 4 = extreme). The pain, stiffness, and function
subscales include five, two, and 17 questions, respectively.
We reported WOMAC scores as mean scores; higher
scores indicated worse symptom and functional status.
Minimal clinically important difference (MCID) was
defined as the smallest difference in score that patients
perceive as beneficial [3, 30]. According to previously
published studies, the MCID of improvement in patients
with osteoarthritis of the knee has been defined as a 17% to
22% change from baseline WOMAC subscale scores
[3, 26].

The patient perception scale of the Cincinnati knee
rating system for overall condition was modified as pre-
viously described [42] and used to measure patient function
at baseline and followup. Administration of this scale
required patients to rate their overall condition on a
10-point scale (Fig. 1). The Cincinnati knee rating system
has been used in various patient populations including
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Fig. 1 An overview of the questions
used in the modified Cincinnati score is
given.

Please rate your overall condition at the present time. (Mark only one box)

a1 s e 700 81 9o 10

| have significant limitations that affect activities of daily living.
| have moderate limitations that affect activities of daily living - no sports

possible.

1] 2[]
Poor (2)
Fair (4)
Good (6)
Very Good (8)
Excellent

those with high tibial osteotomies, anterior cruciate liga-
ment deficient knees, and meniscal repairs [6, 49, 51].

Commonly used by orthopaedic surgeons, the Knee
Society score health survey captures a diagnosis-based
estimate of functional impairment [29]. Two scores (0 to
100 points) are derived from this survey. The knee score
rates only the knee joint itself and the functional score rates
the patient’s ability to walk and climb stairs. The highest
score (100 points) that can be obtained represents a well-
aligned knee with no pain, 125° motion, negligible anter-
oposterior and mediolateral instability, walking an
unlimited distance, and climbing up and down stairs nor-
mally [29].

The Patient Satisfaction Questionnaire asked patients (1)
to rate the operated joint compared to 1 year ago; (2) to
rate the operated joint compared to before surgery; (3)
to assess their overall satisfaction with their surgery; (4) to
assess if they would have the surgery again; and (5) to rate
the results of their surgery. For each item, patients were
instructed to select one of five possible responses
(Table 3).

The Short-Form 36 health status survey, a widely used,
self-administered, generic health instrument, has been
validated in the general population and disease-specific
populations [66, 68]. The items of the SF-36 instrument
measure eight health domains: physical functioning, role-
physical, bodily pain, general health, vitality, social func-
tioning, role-emotional, and mental health. Domain and
summary scores range from 0 to 100 points, with higher
scores indicating a better health state [67, 68].

Data were collected independent of the surgeon by
mailed questionnaires, and statistical analysis was per-
formed by an independent outside statistician (JHK).
Treatment success for the purpose of this study was defined
as avoidance of partial or total joint replacement. The
functional data for successful and failed grafts were ana-
lyzed separately. We determined differences in functional
scores (WOMAUC, KSS, SF-36, and modified Cincinnati)
between three time points (preoperatively, 24 months after
implantation, and at latest followup) using the Wilcoxon
signed rank test. For sub-analysis, patients were grouped
based on the type of osteotomy performed concurrently
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| have some limitations with sports, but | can participate — | compensate.
I have only a few limitations with sports.
(10) I am able to do whatever | wish (any sport) with no problem.

Table 3. Satisfaction with the procedure at final followup for
patients with successful ACI surgery (n = 143) versus satisfaction
scores of patients who subsequently required revision to partial or
total knee arthroplasty (n = 12)

Success Failure

Compared to 1 year ago, how would you rate your operated joint
now?

Better 73.4% 25.0%
About the same 23.1% 75.0%
Worse 3.5% 0.0%

Compared to before each surgery, how would you rate your operated
joint now?

Better 90.2% 33.3%
About the same 7.0% 33.3%
Worse 2.8% 33.3%

What is your overall satisfaction level with the joint surgery?

Satisfied 91.6% 58.3%
Neutral 6.3% 25.0%
Dissatisfied 2.1% 16.7%

If you could go back in time and make the decision again, would you
choose to have your joint surgery?

Yes 92.3% 91.7%
Completely uncertain 3.6% 8.3%
No 4.1% 0.0%
How would you rate the results of your joint surgery
Good or Excellent 88.8% 25.0%
Fair 9.8% 50.0%
Poor 1.4% 25.0%

with ACI, if any. Differences in functional scores at
baseline and final followup were then determined between
these groups using the Student’s t-test. We determined
survival using the Kaplan-Meier method and computing
95% confidence intervals.

Results

Twelve of the 155 knees (8%) were considered treat-
ment failures and revised to partial (two) or total (10)
joint arthroplasty at an average of 38 months (range,
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Fig. 2 A graph demonstrating survival of ACI over time utilizing a
Kaplan-Meier survival curve with 95% confidence interval is shown.
The survival was 93% (CI 86% to 96%) at 60 months.

9-118 months) after ACI. The survival was 93% (CI 86%
to 96%) at 60 months (Fig. 2). The reasons for revision
included complete graft failure in three patients, inadequate
pain relief in one patient, and progression of osteoarthritic
disease beyond the originally transplanted defect area in
eight patients.

The 147 knees (92%) not considered treatment failures
within the followup time experienced improvements
(p < 0.001) in all scores from baseline to final followup.
Specifically, changes in the WOMAC pain and function
scores improved from baseline to followup, exceeding the
definition of MCID (Table 4), with mean improvements
in the 20-point WOMAC pain score and 68-point
WOMAC function scores of 4.9 points (51% improve-
ment) and 15.7 points (53% improvement), respectively.
The proportion of patients who experienced severe or
extreme pain while walking on a flat surface decreased by
73% (Fig. 3), while the percentage of patients with sim-
ilar pain walking up and down stairs decreased by 76%
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Fig. 3 Patients’ responses to WOMAC Pain Scale-Item 1: “Amount
of pain experienced when walking on a flat surface”. Graph depicts
the percentage of patients responding within each answer category.
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Fig. 4 Patients’ responses to WOMAC Pain Scale-Item 2: “Amount
of pain experienced when going up or down stairs”. Graph depicts the
percentage of patients responding within each answer category.

Table 4. Functional scores preoperatively, at 24 months, and at final followup. Data are provided as mean (range). [n = number of patients at

the respective time point]

Type of test Score p Value
Preoperative 24 months followup Latest followup (> 2 years)
(n = 143) (n = 143) (n = 132)
Modified Cincinnati 3.6 (1-8) 6.1 (2-10) 6.7 (2-10) < 0.001
KSS—knee 59.0 (24-100) 82.6 (45-100) 88.0 (50-100) < 0.001
KSS—function 60.6 (15-100) 74.2 (40-100) 79.4 (40-100) < 0.001
WOMAC—pain 9.6 (0-20) 5.8 (0-16) 4.7 (0-17) < 0.001
WOMAC—stiffness 3.9 (0-8) 2.7 (0-7) 2.4 (0-8) < 0.001
WOMAC—function 29.4 (2-62) 17.3 (0-51) 13.7 (0-49) < 0.001
SF-36—PCS 37.2 (23-60) 44.0 (25-60) 45.4 (9-60) < 0.001
SF-36—MCS 38.4 (9-55) 41.3 (9-53) 43.8 (9-56) < 0.001
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Fig. 5 Patients’ responses to WOMAC
Function Scale questions demonstrat-
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(Fig. 4). Similar reductions also were seen in the pro-
portion of patients who had severe or extreme difficulty
when descending stairs, ascending stairs, bending to the
floor, and walking on a flat surface; the proportion of
patients with this level of difficulty decreased by 78%,
75%, 73%, and 74%, respectively (Fig.5). We also
observed improvements (p < 0.001) in mean scores for
the modified Cincinnati knee rating system, KSS function
scale, KSS pain scale, and all eight SF-36 domain scales
(Table 4, Fig. 6). Furthermore, 91.6% of patients were
satisfied with their outcome after treatment with autolo-
gous chondrocyte implantation, 90.2% rated their knees
better than before the surgery, and 91.3% would have the
same procedure again (Table 3).

Patients with and without concurrent osteotomies
experienced improvements (p < 0.001) in all functional
scores. There were no substantial differences between
patients without osteotomies and individual subgroups of
patients with isolated tibial tubercle osteotomy (TTO) (p
values ranged from 0.16 to 0.23 for the different functional
scores), or a combination of TTO and high tibial osteotomy
(HTO) (p values, 0.09 to 0.16); differences were small in
comparison with a group of patients with isolated HTO (p
values, 0.04 to 0.13). Comparing patients with HTO and
patients who had undergone TTO demonstrated better
outcomes for the HTO group at final followup (Table 5)
when considering absolute levels; however, TTO patients
started with worse scores.

Subsequent surgical procedures (SSP) after the index
implantation were performed in 95 of the 155 knees (61%),
the majority (52 of 95) for periosteal hypertrophy. Other
indications included arthrofibrosis (32 of 95), graft
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Fig. 6 Graph visually demonstrating average patient scores for the 8
SF-36 domains. Results are provided for ACI patients pre-operatively
and at the time of latest follow-up; as well as reference values for the
general US population and those aged 35-44 years.

complications (23 of 95), and periosteal delamination (11
of 95), with several patients having more than one diag-
nosis treated during a SSP. Graft complications were
partial graft delamination, affecting less than 20% of the
defect area, in 21 knees, treated with arthroscopic inter-
ventions, either microfracture (eight), abrasion arthroplasty
(five) or OATS (eight). None of the patients undergoing a
subsequent surgical procedure went on to complete failure
requiring joint replacement.
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Table 5. Functional scores for the osteotomy groups preoperatively and at final followup. Data are provided as mean; p values compare the two
groups at each time-point [n = number of patients at the respective time point]

Type of test Preoperative Latest Followup (> 2 years)
HTO (n = 29) TTO (n = 23) p Value HTO (n = 27) TTO (n = 23) p Value

Modified Cincinnati 3.4 33 0.9 73 6.1 0.002
KSS—knee 61.7 52.9 0.03 92.0 84.1 0.02
KSS—function 64.5 59.1 0.2 82.6 74.3 0.04
WOMAC—pain 9.5 11.5 0.08 33 6.2 0.01
WOMAC—stiffness 4.1 4.9 0.1 1.9 32 0.01
WOMAC—function 30.0 34.9 0.2 10.8 19.7 0.007
SF-36—PCS 36.7 35.6 0.6 48.6 433 0.03
SF-36—MCS 39.1 384 0.7 43.7 43.7 0.99

HTO = high tibial osteotomy.
TTO = tibial tubercle osteotomy.

Discussion

Large, multiple, and bipolar cartilage defects represent an
early stage in the wide spectrum of disease termed osteo-
arthritis. Treatment options for these patients are
controversial since many are too young for joint replace-
ment, yet cartilage repair such as ACI has traditionally
been contraindicated for these degenerative lesions. The
purpose of this study was to (1) report on the overall failure
rate, as defined by revision with arthroplasty, of ACI in a
population of young patients with early osteoarthritic
changes; (2) describe the functional outcomes seen with
this procedure; (3) investigate potential differences in
patients requiring concurrent osteotomies; and (4) provide
an overview of subsequent surgical procedures that become
necessary after ACIL.

Our study has several limitations. First, observational
case series without a control group are subject to the effects
of potential confounding factors that may either obscure a
relationship or suggest an association where none actually
exists. Second, most of our patients presented to us spe-
cifically to avoid or postpone knee arthroplasty; a
randomized controlled study comparing cartilage repair
with arthroplasty, while important, was therefore not fea-
sible in our patient population. Our patients, on average,
had previously undergone between two and three unsuc-
cessful procedures directed at cartilage repair, such as
débridement, chondroplasty, or marrow stimulation. They
were therefore not agreeable to randomization for a study
of ACI versus such techniques, which they had already
failed in the past. Third, the indications of ACI and other
cartilage repair procedures, especially microfracture, do
not overlap, complicating the design of a randomized
study: due to its invasiveness, ACI should be reserved for
larger lesions above 4 cm?, whereas microfracture is

indicated for smaller lesions. We believe, however, that in
the absence of randomized data, observational studies can
provide important information on outcomes of specific
procedures. Further, our study was prospective and the
followup data were collected by observers other than the
surgeon, we used numerous validated instruments to mea-
sure clinical outcomes, the followup response rate was
high, and there was minimal variability in treatment tech-
nique and rehabilitation protocols due to the single-surgeon
experience. Finally, the term osteoarthritis is used to
describe a wide spectrum of disease, ranging from local-
ized chondral damage to complete loss of joint space.
There is also controversy whether osteoarthritis is a disease
affecting the cartilage, or a disease of the entire joint,
including the subchondral bone and synovial lining. We
chose our definition of early OA based on the radiographic
criteria.

Young patients with early arthritic changes present a
challenging problem and treatment with joint arthroplasty
is frequently recommended. Primary total (TKR) or uni-
compartmental (UKR) knee arthroplasty provides
excellent pain relief with patient satisfaction ranging
between 73% and 85% in older patient age groups [5, 11,
28, 48]. Large implant survival studies drawn from joint
registry programs have demonstrated 10-year survival
rates of 60% to 70% for partial knee arthroplasties and
80% to 90% for total knee arthroplasties [25, 33]. Younger
patients seem less satisfied with the outcome and also
demonstrate higher implant failure rates [65]. In a report
on knee arthroplasty in patients younger than 40 years, a
group comparable to the one presented in our study, the
authors noticed good and excellent Knee Society function
scores in only 50% of patients and a revision rate of
12.5% at 8 years [35]. The subsequent revision surgeries,
all but guaranteed within the lifetime of this young patient
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group, have an even more guarded prognosis: increasingly
complex, these procedures result in progressively com-
promised outcomes [19, 56], and patient satisfaction after
revision knee arthroplasty has been reported as low as
59% [57]. Furthermore, prosthesis survival time is less-
ened: in younger patients (< 65 years), 5-year survival as
low as 82% has been reported in a large registry study
focused on revision knee arthroplasty [60]. Lastly, revision
surgery is extremely costly, with average charges of
$73,000 in a recent study [34]. It therefore seems rea-
sonable to attempt delaying arthroplasty as long as
possible in young patients, utilizing nonoperative mea-
sures such as physical therapy, antiinflammatories and
injections, followed by limited surgical measures such as
arthroscopic chondroplasty. A subset of patients, however,
fails to experience pain relief with these measures and
require more invasive interventions, such as cartilage
repair with ACI for large, degenerative lesions, as pre-
sented here.

Eight percent (12 of 155) of knees treated with ACI met
the criteria of treatment failure at an average of 64 months
as defined by revision with partial or total knee
arthroplasty; six of these patients received payments
through worker’s compensation (WC), resulting in a failure
rate of 27.3% (six of 22) in that subgroup. ACI in non-WC
patients failed at a rate of 4.5% (six of 133). The definition
of failure for this study was limited to revision by
arthroplasty: patients in this group usually presented to our
office to avoid arthroplasty, which the majority had pre-
viously been recommended; we therefore wanted to
measure our success in avoiding this outcome. We have
used a more stringent definition of failure in the past, which
includes any open revision surgery, including repeat car-
tilage repair with ACI or osteochondral allograft. Based on
this more stringent definition, our failures would include
two additional joints, which were successfully revised with
repeat ACI, for a total failure rate of 9% (14 of 155).
Bipolar (kissing) lesions have long been considered par-
ticularly challenging and are considered a contraindication
to ACI by some. Of the 42 knees with bipolar lesions, five
failed (12%): two of 30 patellofemoral bipolar lesions, two
of six in the medial compartment, and one of six in the
lateral compartment.

The large number of patients who had concurrent
procedures performed to correct malalignment and mal-
tracking illustrate the prevalence of these comorbidities in
this patient population. As indicated in this and other
studies, treatment success of ACI is dependent upon the
careful detection and treatment of these comorbidities at
the time of implantation; for example, we always perform
unloading osteotomies in the setting of bipolar lesions.
One concern of osteotomies is the potential to compro-
mise the results of subsequent knee arthroplasty.

@ Springer

Especially in young patients, the overall burden of sur-
gery should be taken into consideration: it would not be
useful to perform an osteotomy with cartilage repair,
delaying knee arthroplasty by several years, if by doing so
one would decrease the longevity and functional outcome
of the arthroplasty, as suggested by early studies [2, 37].
More recently, however, multiple studies have demon-
strated clinical outcomes of arthroplasty after tibial
osteotomy that are not different from primary
arthroplasty, even though the procedure is technically
more challenging [31, 32, 40, 41, 58, 64]. The role of
ACI in conjunction with realignment osteotomy has been
viewed critically by many, who raise the valid question of
how much additional benefit the cartilage transplant
confers. If the majority of pain relief were derived from
osteotomy, rather than ACI, one would expect revision
rates of isolated osteotomy to be similar to those of
osteotomy with ACI. However, isolated realignment
osteotomy has demonstrated conversion rates to
arthroplasty that approached 10% to 20% at 5 years and
20% to 50% at 10 years [8, 16, 61, 62], much higher than
the reported rates for patients treated with ACI [55]. We
therefore believe that while the role of osteotomy is
important to normalize joint biomechanics, ACI provides
an important clinical benefit above and beyond that of the
osteotomy.

At baseline, study patients had considerably lower
physical functioning, greater bodily pain, and greater role
limitations due to physical problems than a cohort of
similarly aged people from the general U.S. population
(Fig. 6). Assessments measured with the WOMAC pain,
WOMAC function, modified Cincinnati knee rating sys-
tem, KSS knee, and KSS function scales indicated that
patients rated their baseline symptoms and function as
poor to fair [6, 21, 36]. With limited treatment options,
young osteoarthritic patients are a clinical challenge to
treating surgeons. These patients have debilitating symp-
toms, a long active lifespan, and a strong desire to return
to an age-appropriate level of function. We found that
patients who were treated with autologous chondrocyte
implantation for early osteoarthritis had clinically relevant
reductions in pain at minimum of 2 years after treatment.
On average, the percentage of patients experiencing
severe and extreme pain and difficulty with various tasks
including walking, bending and stairs fell by %. The
findings from this study are consistent with the results
reported previously in nonarthritic patient populations
[42—44]. Furthermore, results from additional analyses
showed that having a high tibial osteotomy or tibial
tubercle osteotomy in combination with autologous
chondrocyte implantation did not result in different out-
comes when compared to treatment with autologous
chondrocyte implantation alone.


cr-2
Highlight


Volume 468, Number 1, January 2010

ACI for early OA 155

Sixty-one percent of patients underwent repeat surgery,
the majority for periosteum-related complications such as
periosteal hypertrophy. This very high reoperation rate will
decrease as collagen membranes replace periosteum for
defect coverage; randomized trials in Europe have dem-
onstrated reoperation rates of less than 5% with this
technique [27]. Importantly, all of these subsequent surgi-
cal procedures were arthroscopic, rather than open
procedures, and none of the patients undergoing sub-
sequent surgical procedures went on to requiring joint
arthroplasty due to failure of ACI.

Our data demonstrate that autologous chondrocyte
implantation results in clinically relevant reductions in pain
and improvement in function, while apparently delaying
the need for knee arthroplasty for over 5 years in 92% of
patients. Careful and thorough discussion of the invasive
surgical procedure, complex rehabilitation and long
recovery, as well as high likelihood of repeat surgery, is
paramount to ensure a reasonable level of patient expec-
tations and satisfaction with the outcome. Given the limited
treatment options for this subset of patients, ACI may be a
plausible treatment for young osteoarthritic patients to
delay the need for joint arthroplasty in the hope of obvi-
ating subsequent revision surgery, which is associated with
much less satisfactory outcomes than primary procedures.
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