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Background: Autologous chondrocyte implantation is indicated as a second-line treatment of large, irregularly shaped chondral 
defects after failure of first-line surgical intervention. This study examines the clinical results of a patient cohort undergoing 
autologous chondrocyte implantation and elucidates factors associated with subjective improvement after implantation.

Hypothesis: Autologous chondrocyte implantation will result in long-term functional and symptomatic improvement.

Study Design: Case series; Level of evidence, 4.

Methods: The cohort included 137 subjects (140 knees) who underwent autologous chondrocyte implantation of the knee. Mean 
defect size per patient was 5.2 ± 3.5 cm2 (range, 0.8-26.6 cm2). Patients averaged 30.3 ± 9.1 years of age (range, 13.9-49.9 
years) and were followed for 4.3 ± 1.8 years (range, 2.0-9.7 years). Outcomes were assessed via clinical assessment and estab-
lished outcome scales, including the Lysholm scale, International Knee Documentation Committee scale, and Short Form-12.

Results: A significant improvement after surgery was observed in all outcome assessments including the Lysholm (41-69; P < 
.001) and International Knee Documentation Committee (34-64; P < .001) scales. Subjectively, 75% of patients indicated they 
were completely or mostly satisfied with the outcome and 83% would have the procedure again. Preoperatively, 32% of patients 
had a Tegner score of 6 or greater, compared with 82% before injury and 65% at most recent follow-up. Multivariate analysis 
identified age (P < .021) and receiving workers’ compensation (P < .018) as independent predictors of follow-up Lysholm score. 
Twenty-one patients (16%) required debridement of the autologous chondrocyte implantation site secondary to persistent symp-
toms, whereas 9 knees (6.4%) clinically failed and underwent a revision procedure.

Conclusion: Autologous chondrocyte implantation is a viable treatment option for chondral defects of the knee, resulting in durable 
functional and symptomatic improvement. Age and workers’ compensation status are independent predictors of outcome.
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osteochondral autograft transplantation—provide adequate 
relief for low-demand patients with small lesions 
(<4 cm2).12,32 Patients with large defects and athletes fre-
quently fail these modalities, necessitating a second surgical 
intervention including chondrocyte implantation or osteo-
chondral allograft transplantation.9,12,23,33

Autologous chondrocyte implantation (ACI) provides a 
method of resurfacing large or irregular chondral defects 
without the morbidity and risk of osteochondral grafting. 
Potential sequelae of ACI include periosteal site morbidity 
as well as risks associated with the preliminary cartilage 
biopsy and subsequent procedures attributable to graft 
hypertrophy.35 The presence of autogenous chondrocytes 
within the repair construct enhances the formation of 
hyaline-like cartilage, which is superior, both in 
biomechanics and durability, to the fibrocartilaginous fill 
of microfracture.13,27 Despite the potential for hyaline-like 
tissue, authors have demonstrated that ACI repairs still 
contain a significant percentage of fibrocartilage.16,17 
Regardless of tissue composition, the first 100 patients 

Focal cartilage injuries of the knee are common and are sug-
gested to increase the risk of progressive osteoarthritis.19 A 
review of 31 516 knee arthroscopies noted a 63% prevalence 
of chondral lesions, with 19.2% having grade IV chondromal-
acia.5 These defects may cause pain, swelling, mechanical 
symptoms, and functional impairment. Given the poor 
intrinsic ability of cartilage to heal, surgical intervention is 
often necessary for symptomatic relief. Published surgical 
algorithms4,11 progress toward more aggressive intervention 
based on defect geometry and patient activity level. First-
line treatments—including debridement, microfracture, or 
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undergoing ACI demonstrated decreased symptoms and a 
return to activities, with good to excellent results in 92% of 
isolated femoral condyle defects and 89% of osteochondritis 
dissecans lesions.29 Further studies have established the 
viability of ACI for patellofemoral lesions and in combination 
with meniscus transplantation.7,8,11,20,31

This study evaluates the outcomes of autologous 
chondrocyte implantation for a large single-surgeon cohort 
and answers the following questions: What was the overall 
subjective, sports, and clinical function of these patients at 
follow-up? What factors are predictive of improvement 
after ACI? What are the reoperation and failure rates of 
ACI in this cohort?

MATERIALS AND METHODS

Patient Selection

The study protocol was approved by the institutional 
review board of the medical center. Between December 
1997 and May 2005, patients receiving ACI for chondral 
defects of the knee were prospectively enrolled into the 
study. These patients were indicated for ACI attributable 
to symptomatic, full-thickness defects of the patella, tro-
chlea, or femoral condyles that were refractory to prior 
treatment (microfracture, debridement, or osteochondral 
autograft transplantation).

Operative Technique

Autologous chondrocyte implantation was performed as 
described by Peterson et al.28 Indications for ACI included 
symptomatic, full-thickness (grade IV) cartilage lesions of 
the femoral condyle, trochlea, or patella. Contraindications 
were significant subchondral bone loss, multicompartment 
osteoarthritis, inflammatory joint disease, and unwilling-
ness to comply with postoperative rehabilitation. Briefly, a 
100- to 200-mg biopsy sample of cartilage was harvested 
from the intercondylar notch during a diagnostic arthros-
copy and shipped to Genzyme (Cambridge, Massachusetts) 
for processing. Chondrocytes were extracted from the extra-
cellular matrix and expanded in culture to a final concentra-
tion of 2 to 3 × 107 cells per milliliter. At implantation, the 
defect was identified and curetted down to subchondral 
bone with vertical side walls. The greatest width in 2 orthog-
onal planes was measured and used to determine lesion 
area. The largest defect was considered to be the primary 
site for chondrocyte implantation. A periosteal patch was 
harvested from the anteromedial tibial diaphysis and 
trimmed to match the inside dimensions of the defect. The 
patch was sutured to the periphery using interrupted 6-0 
Vicryl (Ethicon, Somerville, New Jersey) and sealed with 
fibrin glue (Baxter, Deerfield, Illinois) to ensure water tight-
ness. Chondrocytes were resuspended and implanted into 
the chamber with an angiocatheter.

Opening wedge high tibial osteotomy or distal femoral 
osteotomy was indicated for greater than 10° of uncorrected 
varus or valgus alignment, respectively, especially in 
patients with peripheral condylar lesions and early wear of 

the ipsilateral tibial plateau. Alignment was determined 
with double-stance, long-leg mechanical axis and lateral 
radiographs. Concurrent anteromedialization was used to 
offload the repair in cases of distal lateral patellar or 
lateral trochlear lesions. Patients with central to medial 
lesions on the patella or trochlea were contraindicated for 
an alignment procedure. Preoperative radiographic 
assessment of patellar alignment included Merchant 
(shallow flexion angle axial) and Rosenberg (weightbearing 
posteroanterior) views.

A meniscal allograft transplantation was indicated in 
patients with symptomatic (pain, activity-related swelling) 
prior total or subtotal meniscectomy ipsilateral to the 
articular cartilage lesion that would compromise the 
mechanics of the ACI. Concurrent meniscus transplantation 
was accomplished with a bridge-in-slot technique with 
interference screw fixation and peripheral suturing. 
Concurrent ligament reconstructions were avoided because 
of the increased risk of stiffness.

Postoperative Rehabilitation

Patients were placed in a hinged knee brace limited to full 
extension without weightbearing for the first 2 weeks. 
Continuous passive motion was initiated on the first post-
operative day (0°-30°, 1 cycle per minute) in 2-hour incre-
ments for 6 to 8 hours per day. The objective was to obtain 
90° of flexion by week 4 for condylar constructs and weeks 
6 to 8 for implantations to the trochlea or patella. 
Incremental return to full weightbearing occurred between 
6 and 12 weeks. Closed kinetic chain exercises were initi-
ated at 4 to 6 months with a return to high-impact activities 
at 16 months if pain-free.

Clinical Assessment

Preoperatively, patients received a baseline survey and 
underwent knee examination (including range of motion 
via goniometer and quadriceps circumference), which was 
repeated postoperatively at 6 months and thereafter annu-
ally. The survey included the following outcome scales: 
Noyes, Tegner, Lysholm, International Knee Documentation 
Committee (IKDC), Knee Injury and Osteoarthritis 
Outcome Score (KOOS), and Short Form-12 (SF-12). The 
KOOS score is subdivided and scored in 5 categories: Pain, 
Other Disease-specific Symptoms, Activities of Daily Living 
Function (ADL), Sport and Recreation Function, and Knee-
related Quality of Life (QOL).

Statistical Analysis

Descriptive statistics were performed according to stan-
dard methods, including frequencies, means, standard 
deviations, and ranges when appropriate. Patient data sets 
included the scores on the previously listed scales at 2 time 
points: preoperatively and at most recent follow-up. Score 
improvement of the study population was calculated using 
a paired t test. A factor analysis of patient age, body mass 
index (BMI), defect area, and time to follow-up was con-
ducted using Pearson correlation with post hoc t testing. 
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Changes in knee and overall function were assessed with 
the Lysholm and SF-12 scores (most recent follow-up 
minus preoperative values). Multivariate analysis was 
conducted to determine independent predictors of improve-
ment in Lysholm score. Statistical significance was set at 
P < .05. Statistics were performed using GraphPad Software 
(San Diego, California) and SPSS version 15.0 (SPSS 
Science Inc, Chicago, Illinois).

RESULTS

Between December 1997 and May 2005, 137 patients (3 
bilateral, 140 knees) receiving ACI to chondral defects of 
the knee were prospectively enrolled. The average patient 
age was 30.3 ± 9.1 years (range, 13.9-49.9 years), and the 
group contained 79 men and 58 women. Patients had an 
average BMI of 26.5 ± 4.8 kg/m2 (range, 18.9-41.0 kg/m2) 
(Table 1). Thirty-five patients (25%), mean age 36.2 ± 6.6 
years (range, 22.0-47.9 years), were receiving workers’ 
compensation at the time of surgery. ACI was used to treat 
osteochondritis dissecans (OCD) in 22 patients (16%). 
Mean patient age with OCD was 23.5 ± 6.5 years (range, 
14.9-36.7 years).

Operative Technique

Because of the 2-staged nature of the procedure, at mini-
mum, a diagnostic arthroscopy/cartilage debridement/car-
tilage biopsy was performed on all patients before 
chondrocyte implantation. Many patients had multiple 
procedures before ACI (range, 1-6). In many cases, first-
line cartilage restoration was done concurrent to the 
biopsy, including microfracture (43%), chondroplasty (4%), 

and osteochondral autograft transplantation (3%). Patient 
histories were also positive for meniscal (18%), alignment 
(8%), and ligament (10%) procedures (Table 2).

Of the 140 knees, 24 (17%) had 2 defects, 4 (3%) had 3 
defects, and 1 had 4 defects concurrently repaired with 
ACI. Three patients (2%) with multisite implantations had 
reciprocal lesions of the patella and trochlea. The average 
size of a single defect was 4.1 ± 2.3 cm2 with a total area per 
patient of 5.2 ± 3.5 cm2. ACI was chosen for small defects 
when an osteochondral autograft transfer system (OATS) 
plug would be difficult to place (central trochlea, patella) or 
when a larger defect was being treated with ACI and an 
associated lesion was found and simultaneously treated 
with ACI. Seventy-one patients (51%) had concomitant 
procedures, most frequently alignment (n = 48) or meniscal 
procedures (n = 16). 

Outcome Assessment

Completed survey data sets were available on 122 patients 
(87%), and mean follow-up was 4.3 ± 1.8 years after ACI. 
Statistically significant improvement (P < .01) was noted on 
all outcome scales, including the Lysholm (41-69, P < .001), 
the IKDC (34-64, P < .001), all 5 subscores of the KOOS 
scale, and both SF-12 components (Figure 1). Preoperatively, 
32% of patients had a Tegner score of 6 or greater, compared 
with 82% before injury and 65% at most recent follow-up 
(Table 3). Overall, 27 patients (22%) regained their prein-
jury activity level and 81 (66%) improved their Tegner score 
compared with preoperative levels. Subjectively, 35% of 
patients were completely satisfied with the procedure, 41% 
mostly satisfied, 20% somewhat satisfied, and 5% unsatis-
fied. Eighty-three percent of patients responded that they 
would have the surgery again.

TABLE 1
Baseline Characteristics of the Cohort Receiving Autologous Chondrocyte Implantationa

	 Overall	 OCD	 WC

n (%)	 140	 22 (16)	 35 (26)
Patient age, mean ± SD (range)	 30.3 ± 9.1 (13.9-49.9)	 23.5 ± 6.5 (14.9-36.7)	 36.2 ± 6.6 (22.0-47.9)
Gender, n (%)			 
  Male	 79 (58)	 15 (68)	 20 (57)
  Female	 58 (42)	 7 (32)	 15 (43)
Body mass index, kg/m2, 	 26.5 ± 4.8 (18.9-40)	 24.8 ± 3.8 (19.7-35.2)	 28.7 ± 5.5 (19.6-41.0) 
  mean ± SD (range)
Number of defects, n (%)			 
  1	 111 (79)	 19 (86)	 22 (63)
  2	 24 (17)	 3 (14)	 9 (26)
  3+	 5 (4)	 0	 4 (11)
Primary defect location, n (%)			 
  Lateral femoral condyle	 24 (17)	 8 (36)	 4 (11)
  Medial femoral condyle	 62 (44)	 10 (45)	 14 (40)
  Patella	 41 (29)	 1 (5)	 12 (34)
  Trochlea	 13 (9)	 3 (14)	 5 (14)
Single defect area, cm2, mean ± SD (range)	 4.1 ± 2.3 (0.5-16.2)	 5.2 ± 2.0 (2.6-11.4)	 4.0 ± 2.3 (1.3-10.6)
Total defect area, cm2, mean ± SD (range)	 5.2 ± 3.5 (0.8-26.6)	 5.7 ± 2.9 (2.5-16.2)	 5.3 ± 3.7 (1.3-18.6)

aOCD, patients diagnosed with osteochondritis dissecans lesions, WC, patients receiving workers’ compensation.
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Increasing age was associated with less improvement in 
Lysholm scores at most recent follow-up (P < .030, r = –.20). 
Little association of BMI (P < .292, r = 0.10), defect area  
(P < .439, r = –.07), and time to follow-up (P < .437,  
r = –.07) with improvement in Lysholm score was observed. 
Multivariate analysis demonstrated 2 independent 
predictors of Lysholm outcome score improvement: age (P < 
.021) and workers’ compensation status (P < .018). Gender, 
previous microfracture, concurrent alignment procedure, 
and lesion characteristics (OCD cause, location, and 
number) were not predictive of outcome (Table 4). Indeed, 
the workers’ compensation cohort had a lower mean 
follow-up Lysholm score (55 ± 25) than the remainder of the 
cohort (73 ± 19).

Clinical Examination

Seventy patients returned for a follow-up knee examination 
beyond 2 years, at an average of 42 months (range, 24-86 
months) after implantation. Objective range of motion was 
full in all patients with extension to 0° ± 1° (range, –2° to 
5°) and flexion of 132° ± 6° (range, 120°-140°). Fifty-two 
patients underwent radiographs at follow-up, with 38 (73%) 
demonstrating joint space preservation and normal appear-
ance. The remainder had evidence of interval (since preop-
erative imaging) degenerative changes: 7 (13%) had mild 
osteoarthritic changes, 4 (8%) had joint space narrowing, 
and 3 (6%) had flattening of the femoral condyle. Despite 
radiographic changes, these patients had decreased symp-
toms compared with their preoperative state.

Reoperation

Twenty-one knees (15%) had debridement of the ACI 
site secondary to periosteal hypertrophy or partial patch 

delamination. Reoperation occurred at an average of 27 
months after the implantation (range, 5-73 months), most 
frequently attributable to mechanical symptoms. A second 
debridement was performed in 5 patients at a mean of 37 
months (range, 17-79 months) after the first debridement. 
Nine knees (6.4%) had clinical failure of the ACI and under-
went a revision—2 reimplantations, 4 osteochondral 
allografts, and 3 total knee replacements (1 bilateral)—at a 
mean of 43 months (range, 26-62 months) after implanta-
tion. Patient demographics of the cohorts undergoing reop-
eration and revision were not statistically different than the 
demographics of the overall study population (Table 5).

DISCUSSION

This study evaluated the clinical outcomes of ACI in a 
large patient cohort, which demonstrated a reduction of 
symptoms and increased function. One third of the patients 
were greater than 5 years out from ACI and had continu-
ing improvement from their preoperative state. Because 
this was a single center-single surgeon investigation, con-
sistency was maintained throughout the treatment algo-
rithm and follow-up care. The size of this cohort permitted 
a multivariate analysis of outcome to further delineate the 
factors associated with prognosis for ACI in a diverse 
patient population.

ACI is considered a second-line treatment for Outerbridge 
grade IV defects of the knee: especially large or irregular 
lesions with minimal subchondral bone involvement. 
Comparison of ACI with other cartilage treatments has 
yielded conflicting results. Several reports suggest that ACI 
provides results superior to debridement, microfracture, and 
osteochondral autografting, especially in cases of prior failed 
treatment.1,3,9 Conversely, recent randomized trials reveal 
no difference in clinical outcomes compared with mosaicplasty 
or microfracture.6,16,17 First-line intervention had failed to 
provide relief in these patients; thus, they were indicated for 
ACI. Unlike Knutsen’s studies in which microfracture and 
ACI were performed at the same stage of the treatment 
algorithm, this study investigated ACI as a revision to 
microfracture.16,17 Within the population of failed marrow-
stimulating techniques (42%), ACI proved to be a viable 
revision option for symptomatic relief and improvement of 
function. Importantly, a history of microfracture did not 
adversely affect subjective outcomes. In this treatment 
algorithm, the use of ACI is warranted and provides the 
option for osteochondral allograft revision. 

Historically, chondral defects of the patella and trochlea 
are difficult because of the irregular surface architecture. 
ACI, because of the custom nature of the construct, has 
been used successfully within the patellofemoral joint. 
Improvement in Lysholm, IKDC, and Cincinnati scores as 
well as good to excellent results in 70% of patients are 
reported in patellofemoral ACI.7,20,25 The results of this 
cohort are comparable, even in the few cases of bipolar 
“kissing” lesions. Concurrent alignment procedures were 
performed to off-load the repair site, which potentially 
contributed to the successful outcomes. However, neither 
defect location nor concurrent alignment procedure was an 
independent predictor of improvement in Lysholm score.

TABLE 2
Concurrent and Previous Surgical Procedures  

to the Ipsilateral Kneea

	 Previous	 Concurrent

Cartilage		
  Debridement	 140 (100)	 1 (1)
  Microfracture	 60 (43)	 2 (1)
  Chondroplasty	 5 (4)	 0
  Osteochondral autograft	 4 (3)	 4 (3)
Meniscus		
  Meniscectomy	 20 (14)	 1 (1)
  Meniscus repair	 4 (3)	 0
  Meniscus transplant	 2 (1)	 15 (11)
Alignment		
  Distal realignment	 3 (2)	 35 (25)
  Lateral release	 9 (6)	 6 (4)
  High tibial osteotomy	 0	 5 (4)
  Distal femoral osteotomy	 0	 2 (1)
Ligament		
  ACL reconstruction	 7 (5)	 0
  Other	 7 (5)	 0

aData reported as number of patients (percentage). ACL, anterior 
cruciate ligament.
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ACI is used to treat osteochondritis dissecans defects of 
the knee that have failed open reduction–internal fixation 
and have minimal subchondral bone loss.26 Outcomes of 
the 20 patients with OCD are comparable with previous 
studies that report good to excellent results in approximately 
90% of OCD patients.28,29 OCD patients, as a subset, had 
higher follow-up scores than the remainder of the cohort; 
however, diagnosed OCD was not a significant independent 
predictor of outcome score improvement. More likely, the 
younger mean age of the OCD cohort is the confounding 
and contributing factor to higher score levels.

The patients receiving workers’ compensation demon- 
strated significantly lower scores at both preoperative and 
follow-up assessment. A similar trend of lower subjective 
outcome scores has been observed in workers’ compensation 
patients undergoing rotator cuff repair and arthroplasty.22,24 
Yates36 demonstrated a mean modified Cincinnati score of 
7.2 and 80% excellent or good results in 10 patients 
followed to 4 years. Our cohort of 35 workers’ compensation 
patients had a mean Cincinnati score of 6.4 and 68% good 
to excellent results at a mean of 4.1 years after surgery. 
Not surprisingly, workers’ compensation was determined 
to be an independent predictor of improvement in Lysholm 
scores postoperatively. 

Reoperation is a common sequela of ACI with an 
incidence of 15% to 30%.7,9,14,17,21,25 Periosteal hypertrophy 
and delamination, which account for 22.1% and 17.7%, 
respectively, of the adverse events reported to the US Food 
and Drug Administration, frequently require ACI site 

Figure 1. Comparison of outcome scores before and after ACI. P values were derived from a paired t test of preoperative and 
most recent follow-up scores. Sx, symptoms; ADL, activities of daily living; QOL, knee-related quality of life; IKDC, International 
Knee Documentation Committee; KOOS, Knee Injury and Osteoarthritis Outcome Score; SF-12, Short Form-12.
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TABLE 3
Tegner Sport Score for Patients Receiving Autologous 

Chondrocyte Implantationa

Score	 Preinjury	 Preoperative	 Current

≤5	 22 (18)	 83 (68)	 43 (35)
6	 1 (1)	 15 (12)	 23 (19)
7	 5 (4)	 3 (2)	 14 (11)
8	 16 (13)	 2 (2)	 8 (7)
9	 17 (14)	 14 (11)	 26 (21)
10	 61 (50)	 5 (4)	 8 (7)

aData presented as number of patients (percentage). 

TABLE 4
Multivariate Analysis of Independent Factors Affecting 

Improvement in Lysholm Scoresa

Variable 	 P Value

Age	 .021
Gender	 .940
Body mass index	 .320
Receiving workers’ compensation	 .018
Diagnosed osteochondritis dissecans	 .059
Number of defects	 .263
Defect location	 .405
Previous microfracture	 .947

aModel R2 = .138.
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debridement.35 In this cohort receiving ACI with periosteal 
patch, 16% required debridement for relief of mechanical 
symptoms. Recently developed treatments, including 
collagen-covered autologous chondrocyte implantation 
and matrix-induced autologous chondrocyte implantation, 
avoid the use of periosteum, thus eliminating the most 
symptomatic component of the repair. Early European 
studies of these techniques report a frequency of debridement 
less than 10%.2,10,30,34

ACI failure occurs in 4% to 22% of patients depending on 
defect traits and duration of follow-up.7,9,21,25,27-29 The rate 
of failure increases with time from surgery and age. A 
continuing study of single condylar defects reported 5% 
failure at 2 years, which increased to 22.5% at 5 years.16,17 
One comparison of ACI by patient age demonstrated good 
to excellent results in 85.7% of patients younger than 20 
years compared with 55.9% older than 40 years.18 
Osteoarthritis models suggest that older chondrocytes 
have decreased synthetic capabilities and lower response 
to growth factors.15 The present population had an incidence 
of failure at 6%; 5 of the 7 patients in whom ACI failed 
were older than 40 years. Retrospectively, these patients 
were probably not the best candidates for ACI in light of 
chondrocyte quality and willingness to comply with the 
intensive rehabilitation regimen.

Although this study was able to assess the outcomes of a 
large cohort of patients treated with ACI, its retrospective 
design has several limitations. No control or comparison 
group was followed, and these patients were not randomized 
into treatment groups. Additionally, there were no set 
protocols for consistent reimaging or second-look 
arthroscopy. For the majority of patients, these options 
were only pursued with ongoing symptoms. Although the 
overall cohort size was large, several of the subsets (eg, 

lesion location and concurrent procedures) were sufficiently 
small so as to underpower the multivariate analysis of 
their effects.

CONCLUSION

Autologous chondrocyte implantation is a viable option in 
the treatment of cartilage defects after the failure of pri-
mary measures (debridement, chondroplasty, or microfrac-
ture). Improvements in function and symptoms are observed 
to nearly 10 years, attesting to the long-term durability of 
the repair. Predictive factors in the outcome of ACI include 
increasing patient age and workers’ compensation status. 
All patients, especially those of advanced age, should main-
tain a realistic expectation for overall improvement and the 
potential need for reoperation or revision.
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