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TITLE 

 

Factors predictive of outcome five years following matrix-induced autologous chondrocyte 

implantation in the tibiofemoral joint. 

 

ABSTRACT 

 

Background: Matrix-induced autologous chondrocyte implantation (MACI) has become an 

established technique for the repair of full thickness chondral defects in the knee. However, 

little is known about what variables most contribute to post-operative clinical and graft 

outcome, as well as overall patient satisfaction with the surgery. 

Purpose: The aims of this study were to estimate the improvement in clinical and radiological 

outcome, and investigate the independent contribution of pertinent pre- and post-operative 

patient, chondral defect, injury/surgery history and rehabilitation factors to clinical and 

radiological outcome, as well as patient satisfaction, at five years following MACI. 

Study Design: Cross-sectional study 

Methods: This study was undertaken in 104 patients, out of an eligible 115 patients recruited, 

with complete clinical and radiological follow up at five years, following MACI surgery to 

the femoral or tibial condyles. Following a review of the literature, a range of pre- and post-

operative variables that had demonstrated association with post-operative clinical and graft 

outcome were selected for investigation. These included age, gender and BMI, pre-operative 

SF-36 mental (MCS) and physical (PCS) scores, chondral defect size and location, DOS and 

prior surgeries, and post-operative time to full weight bearing gait. The ‘Sport/Rec’ and 

‘QOL’ subscales of the KOOS were used as the patient-reported clinical evaluation tools at 

five years, while high resolution magnetic resonance imaging (MRI) was used to evaluate 

graft assessment. An MRI composite score was calculated based on the magnetic resonance 
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observation of cartilage repair tissue (MOCART). A patient satisfaction questionnaire was 

completed by all patients at five years. Regression analysis was used to investigate the 

contribution of these pertinent variables to 5-year post-operative clinical, radiological and 

patient satisfaction outcomes. 

Results: Pre-operative MCS, PCS and the duration of symptoms contributed significantly to 

the KOOS Sport/Rec score at five years while no variables, apart from baseline KOOS QOL 

score, contributed significantly to the KOOS QOL score at five years. Pre-operative MCS, 

duration of symptoms and graft size were statistically significant predictors of MRI score at 

five years post-surgery. An 8-week post-operative return to full weight bearing (versus 12 

weeks) was the only variable significantly associated with an improved level of patient 

satisfaction at five years. 

Conclusion: This study outlined factors such as pre-operative SF-36 scores, duration of knee 

symptoms, graft size and post-operative course of weight bearing rehabilitation as pertinent 

variables involved in 5-year clinical and radiological outcome, and overall satisfaction. This 

information may allow orthopaedic surgeons to better screen their patients as good candidates 

for MACI, while allowing treating therapists to better individualize their pre-operative 

preparatory and post-operative rehabilitation regimes for best possible outcome.  

Keywords: matrix-induced autologous chondrocyte implantation, post-operative assessment, 

predictive variables.  
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What is known about this subject: Matrix-induced autologous chondrocyte implantation 

(MACI) has demonstrated good clinical efficacy for the repair of full thickness articular 

cartilage defects in the knee. However, little is known about what factors most contribute to 

post-operative clinical and graft outcome, as well as overall patient satisfaction with the 

MACI surgery. This is an area that requires investigation, and would allow orthopaedic 

surgeons to better screen their patients as good candidates for MACI, while allowing treating 

therapists to better individualize their post-operative rehabilitation regimes to every patient for 

the best possible outcome. 

 

What this study adds to existing knowledge: A range of variables have been associated 

with patient and graft outcome following MACI, however, to what degree remains to be 

determined. Evaluating the contribution of these pertinent variables to both patient clinical 

and radiological outcome would provide benefits to orthopaedic surgeons and treating 

physical therapists alike. These data would provide a more accurate screening tool for 

surgeons to better assess which patients are deemed good candidates for MACI and who may 

have a better chance of successful clinical and graft outcome. It would also provide physical 

therapists working in the pre-operative preparation and post-operative rehabilitation of these 

patients with structured goals to enable better individual surgical outcome. 
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INTRODUCTION 

 

Autologous chondrocyte implantation (ACI) is a cartilage restoration procedure that involves 

isolating and culturing a patient’s own chondrocytes in vitro, and then re-implanting those 

cells into the cartilage defect. The first generation of the technique suspended these 

chondrocytes within the defect, sealing them with a periosteal cover.
8
 While significant 

improvement in patient outcome has been reported using this method,
8, 43, 50, 51, 59, 60

 a number 

of technical challenges and issues relating to the hypertrophic growth of the periosteal patch
47, 

48
 brought about the use of a biodegradable collagen membrane to contain the implanted 

chondrocytes, rather than periosteum. This second generation ACI method has also provided 

good clinical results,
1, 3, 27

 though still failed to remove problems associated with suturing the 

cover such as the surgical complexity involved, the extensive micro-trauma that results, and 

cell leakage. Matrix-induced ACI (MACI)
4, 6, 20, 24

 has provided the third and current 

generation of ACI, and does not use a periosteal or collagen patch. Instead, chondrocytes are 

seeded directly onto a synthetic membrane that can subsequently be cut to the exact size of 

the defect and fixed in place with fibrin glue, which has been shown to support migration and 

proliferation of human chondrocytes.
26, 37

 This third generation has also permitted the 

development of arthroscopic surgical approaches,
10, 15, 21, 23, 44, 45, 57, 66

 decreasing the 

associated co-morbidity of arthrotomy.
21

 Over time, chondrocytes can differentiate into a 

durable load bearing tissue.  

 

Several factors have been proposed to influence patient outcome and quality of repair tissue 

following ACI, including; 1) successful cell culturing, 2) efficiency of the surgical procedure, 

3) patient cooperation in all aspects of the pre- and post-operative program, and 4) timely 

progression of weight bearing (WB) and post-operative rehabilitation. However, a range of 

other patient, injury, surgery and post-operative specific variables have also been associated 
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with patient and graft outcome following MACI, though the relative importance of each of 

these to outcomes following MACI to the tibiofemoral joint remains unknown. 

 

With respect to patient specific variables, age has been associated with both clinical
11, 38, 40

  

and graft
16, 17

 outcomes following ACI, as has body mass index (BMI).
16, 34

 Chondral defect 

size has exhibited a significant negative correlation with clinical outcome and pertinent 

parameters of morphological graft repair following ACI in the knee,
16, 17

 though the 

association between defect location and aetiology on patient outcome remains less clear. The 

pre-operative duration of symptoms (DOS)
40, 62, 71

 and number of knee surgeries
40

 preceding 

ACI have also demonstrated an association with patient outcome. Finally, several papers have 

outlined the critical importance of structured post-operative rehabilitation following ACI for 

graft protection, facilitation of chondrocyte differentiation and development, and the return of 

the patient to normal physical function.
12, 28, 30, 32, 63, 64

 Furthermore, the gradient and time to 

attain full WB post-surgery also appears to have an influence on clinical and functional 

outcomes following MACI to the WB femoral condyles.
17-19

 

 

At present, the independent contribution of influential pre- and post-operative factors to post-

operative MACI outcome is unknown. The aims of this study were to estimate the 

improvement in clinical and radiological outcome, and investigate the contribution of 

pertinent pre-operative patient demographics (age, gender and BMI) and general health (SF-

36) parameters, chondral defect (size and location) and injury/surgery history (DOS, the 

number of prior knee surgeries and whether or not concomitant surgeries were performed at 

the time of surgery) variables, as well as early modifiable post-operative variables (post-

operative time to full weight bearing), to clinical and radiological outcome, and patient 

satisfaction, at five years following MACI. 
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MATERIALS AND METHODS  

 

Patients 

 

Between August 2001 and June 2006, 115 MACI patients were recruited as part of two 

separate trials undertaken within our institution.
17, 20

 This retrospective analysis was 

undertaken in 104 of those patients (62 males, 42 females) with complete clinical and 

radiological follow-up pre-surgery and at five years (+/- 2 months) post-surgery. All patients 

had undergone MACI to address localized, full thickness medial or lateral femoral or tibial 

condylar defects (73 medial femoral; 27 lateral femoral; 1 medial tibial; 3 lateral tibial) to the 

knee. Patients were 13-65 years of age and all underwent a structured rehabilitation program. 

Patients were excluded if they had a BMI > 35, had undergone a prior extensive 

meniscectomy or had ongoing progressive inflammatory arthritis. Patients with ligamentous 

instability or varus/valgus abnormalities (> 3° tibiofemoral anatomic angle) were included, 

provided these were addressed prior to or at the time of MACI grafting.  

 

As per our routine clinical and research protocol, all patients had been screened pre-

operatively for clinical knee joint instability by an orthopaedic specialist, and all patients 

underwent magnetic resonance imaging (MRI) to assess the location, size and severity of the 

chondral defect (if any) as well as any other soft tissue damage incorporating the menisci or 

ligamentous structures. All patients had suffered from persistent pain associated with grade III 

or IV chondral lesions, assessed pre-operatively with the International Cartilage Repair 

Society (ICRS) chondral defect classification system.
9
 Of the 104 patients included in this 

retrospective follow-up, 77 (74.0%) had been previously treated with one or more surgical 

procedures to address knee pain and/or symptoms. These included arthroscopy (n, 60, not 

including the chondral biopsy required for cell culturing), microfracture (n, 7), partial 
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meniscectomy (n, 19), anterior cruciate ligament (ACL) reconstruction (n, 9), extensor 

realignment (n, 3), lateral release (n, 9), and others (n, 8). 

 

The mean age of patients was 38.0 years (range, 13-65 years), and the mean BMI was 26.7 

(range, 16.8-33.3). At the time of surgery, 14 of the 104 knees had concomitant documented 

procedures at the time of MACI grafting, including high tibial osteotomy (n, 2), tibial tubercle 

transfer (n, 2), partial meniscectomy (n, 1), anterior cruciate ligament (ACL) reconstruction 

(n, 6), posterior cruciate ligament (PCL) reconstruction (n, 4) and lateral release (n, 1). A 

summary of the total patient cohort is provided in Table 1. Ethics approval for the recruitment 

and prospective follow-up of all patients was obtained from the relevant Human Research 

Ethics Committee. 

 

Insert Table 1. 

 

The MACI Surgical Technique 

 

Over the duration of this research program, 10 orthopaedic surgeons had referred patients to 

our institution that subsequently fit the inclusion criteria and were recruited into the 

aforementioned trials.
20, 23

 Therefore, while the MACI technique has been previously 

described,
20, 23

 minor differences in surgical technique may exist between specialists. Briefly, 

MACI is a 2-stage technique, where arthroscopic surgery was performed to harvest a sample 

of articular cartilage from a non WB area of the knee. After harvest, chondrocytes were 

isolated, cultured and seeded onto a type I/III collagen membrane (ACI-Maix, Matricel 

GmbH, Herzogenrath, Germany) ex vivo over a 6- to 8-week period. At the time of second-

stage implantation, the chondral defect was prepared via an open mini-arthrotomy by 

removing all damaged cartilage down to, but not through, subchondral bone. The resultant 
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defect was measured and used to shape the membrane, which was secured to the bone using a 

thin layer of fibrin glue. The wound was closed after assessment of graft stability. 

 

Outcome Measures 

 

Knee Specific Patient Reported Outcome (PRO) Measure 

All patients in this cohort completed the Knee Injury and Osteoarthritis Outcome Score 

(KOOS) at five years post-surgery, a knee specific questionnaire which includes 42 questions 

in five individual subscales: Pain, Symptoms, Activities of Daily Living (ADL), Sport and 

Recreation (Sport/Rec) and Knee Related Quality of Life (QOL).
69

 Each of these five 

subscales is scored from 0 (worst) to 100 (best). The ‘Sport/Rec’ and ‘QOL’ subscales of the 

KOOS were used as the patient-reported clinical evaluation tools at five years for this 

retrospective analysis, as these scores were found to be most responsive to change after 

surgery (effect sizes of 1.64 and 1.37 respectively). The KOOS has been recommended for 

use with cartilage repair patients
67

 and, more recently, has demonstrated validity and 

reliability in patients after the surgical treatment of focal cartilage lesions.
7
 It has been used 

extensively in patients following ACI. 
5, 15, 17, 20, 39, 55, 61, 65, 71, 76, 78

  

 

Radiological Assessment 

MACI grafts were assessed at five years post-surgery in all 104 patients using high resolution 

MRI. All MRI scans were performed using a Siemens Symphony 1.5 T scanner (Siemens, 

Erlangen, Germany). Standardized proton density and T2-weighted fat-saturated images were 

obtained in coronal and sagittal planes (slice thickness 3 mm, field of view 14-15 cm, 512 

matrix in at least one axis for proton density images with a minimum 256 matrix in one axis 

for T2-weighted images). Additional axial proton density fat-saturated images were obtained 

(slice thickness 3-4 mm, field of view 14-15 cm, minimum 224 matrix in at least one axis). 
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MRI graft evaluation has been outlined previously.
13, 15, 18

 Firstly, MRI parameters (signal 

intensity, graft infill, border integration, surface contour, structure, subchondral lamina, 

subchondral bone and effusion) were selected to best describe the morphology and signal 

intensity of the repair tissue, each scored individually from 1-4 (1=poor; 2=fair; 3=good; 

4=excellent) in comparison to the native cartilage. An additional score of 3.5 for ‘graft infill’ 

was awarded for a fifth level (very good) corresponding with ‘graft hypertrophy’.
47, 74

 An 

MRI composite score was then calculated by multiplying each individual score by a 

weighting factor,
65

 and summing the weighted scores.
16

 This composite score also ranged 

from 1-4 (1=poor; 2=fair; 3=good; 4=excellent), and was used as our 5-year MRI-based 

outcome. MRI evaluation was performed by an independent, experienced musculoskeletal 

radiologist. 

 

Patient Satisfaction 

A patient satisfaction questionnaire was completed by all patients at five years post-surgery to 

investigate each patient’s level of satisfaction with the MACI surgery overall, as well as their 

satisfaction with MACI in relieving knee pain, improving the ability to perform normal daily 

activities and their ability to participate in sport. These variables were scored with values 

ranging from 0-100 (0 = very dissatisfied; 100 = very satisfied).  

 

Predictor Variables 

 

Following a review of the literature, a range of pre- and post-operative factors that had 

previously demonstrated association with post-operative clinical and graft outcome were 

selected for investigation as follows. 
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Patient Demographics 

Patient age,
11, 16, 17, 38, 40

 gender and BMI
16

 at the time of surgery were investigated. 

 

Pre-operative General Health 

The 36 item Short Form Health Survey (SF-36)
77

 was completed by all 104 patients at five 

years post-surgery. It evaluates the general health of the patient and includes 36 questions 

spanning eight health domains: physical functioning, role limitations due to physical health 

problems, role limitations due to emotional problems, social functioning, vitality, mental 

health, bodily pain and general health perceptions. From these domains it produces a mental 

(MCS) and physical (PCS) component score, whereby the domains within each score are 

summed, weighted, and transformed to fall between 0 (worst possible health, severe 

disability) and 100 (best possible health, no disability).
56, 77

  

 

Defect Characteristics 

Chondral defect characteristics at the time of surgery including defect size
16, 17

 and location
11

 

(medial or lateral condyle: 73 medial femoral; 27 lateral femoral; 1 medial tibial; 3 lateral 

tibial) were investigated. 

   

Patient Injury and Surgery History  

The DOS,
16, 40, 62, 71

 the number of prior knee surgeries
40

 on the affected knee and whether or 

not concomitant surgeries were performed at the time of MACI grafting, were investigated. 

 

Post-operative Time to Full Weight Bearing 

This retrospective analysis was made possible by two separate research trials. In brief, the 

first trial consisted of a patient cohort that underwent a structured rehabilitation program with 

a return to full WB at 12 weeks post-surgery.
20

 The second trial involved a rehabilitation 
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program identical in content, though these patients were randomly allocated to an 8- or 12-

week progressive return to full WB.
17

 Therefore, the time taken to reach full WB (8 or 12 

weeks) was investigated in this analysis.  

 

Statistical Analysis 

 

Paired t-tests were used to estimate the degree of change in outcomes from pre-surgery to five 

years post-surgery. Pearson’s correlation coefficient (or Spearman’s rho in the case of 

Satisfaction scores) was used to quantify the association between outcome measures.  

 

Linear regression analysis (ANCOVA) was used to evaluate predictors of clinical and 

radiological outcomes, conditioning on baseline scores in the case of the clinical outcomes. 

Tobit regression analysis with bootstrapped confidence intervals was used for the analysis of 

Satisfaction scores, as the distribution of this variable was left-skewed with 29 of 104 (27.9%) 

observations censored at the upper bound of 100 (very satisfied). For each regression model, 

potential predictors were first evaluated univariably, and those displaying associations with 

outcomes at p<0.100 were included in a multivariable regression model for the particular 

outcome. The final step was a purposeful selection of covariates by removing non-significant 

variables from the initial multivariable model one at a time whilst ensuring remaining 

coefficients did not change more than 20% to ensure retention of important confounders in the 

model, as recommended by Hosmer et al.
33

 Models were evaluated for linearity of effects, 

homogeneity of variance of residuals and absence of influential outliers by examination of 

added variable plots and standard regression diagnostics. 
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RESULTS  

 

Descriptive statistics of baseline clinical scores, surgical parameters and 5-year outcome 

variables are presented in Table 1. 

 

KOOS Sport/Rec 

The 5-year post-operative KOOS Sport/Rec score was 63.1±27.1 points (Table 1). The mean 

improvement from pre-surgery was 39.2 points (95% CI: 33.9 to 44.6, p<0.001), and 91 of 

104 (87.5%) patients had an improvement greater than or equal to 10 points. The 5-year post-

operative KOOS Sport/Rec score was moderately and significantly correlated with the 5-year 

post-operative KOOS QOL score (r=0.664, p<0.001) and Satisfaction score (r=0.585, 

p<0.001), but not with the MRI composite score (r=0.015, p=0.900).  

 

Table 2 displays the results of univariable and multivariable linear regression models with the 

5-year post-operative KOOS Sport/Rec score as the outcome variable. MCS, PCS and the 

DOS contributed significantly to a final multivariable model adjusting for the baseline 

Sport/Rec score. A 1-point increase in the baseline Sport/Rec score was associated with a 

predicted increase of 0.33 points (95% CI: 0.12 to 0.55, p=0.003) in 5-year post-operative 

Sport/Rec score. A 1-point increase in MCS was estimated to predict a 0.52 point increase in 

the mean 5-year Sport/Rec score (95% CI: 0.04 to 0.99, p=0.035), while a 1-point increase in 

PCS was estimated to predict a 0.63 point increase (95% CI: 0.09 to 1.16, p=0.022). The 

mean 5-year Sport/Rec score was estimated to decrease by 0.67 points for each year of 

symptoms (95% CI: -0.05 to -1.29, p=0.036). The standardized betas (change in units of SD 

of MRI score for 1SD increase in predictor) were 0.296, 0.185, 0.222 and -0.185 respectively. 

The adjusted R
2
 for this model was 0.246. 
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Insert Table 2. 

 

KOOS QOL 

The 5-year post-operative KOOS QOL score was 58.5±23.1 points (Table 1). The mean 

improvement from post-surgery was 29.2 points (95% CI: 24.4 to 34.0, p<0.001), and 83 of 

104 (79.8%) patients had an improvement greater than or equal to 10 points. The 5-year post-

operative KOOS QOL score was moderately and significantly correlated with 5-year post-

operative Satisfaction score (r=0.623, p<0.001), but not with the MRI composite score (r=-

0.044, p=0.655).  

 

Table 3 displays the results of univariable and multivariable linear regression models with 5-

year post-operative KOOS QOL score as the outcome variable. No variable other than 

baseline QOL score contributed significantly to the linear regression model. A 1-point 

increase in baseline QOL score was associated with a predicted increase of 0.41 points (95% 

CI: 0.21 to 0.60, p<0.001) in 5-year post-operative score, corresponding to a standardized beta 

of 0.384. The adjusted R
2
 of this model was 0.134. 

 

Insert Table 3. 

 

MRI Composite Score 

The 5-year MRI composite score was 3.0±0.7 points (Table 1), and was not significantly 

correlated with the Satisfaction score (r=.017, p=o.864). Table 4 displays the results of 

univariable and multivariable linear regression models with the MRI Composite Score at five 

years as the outcome variable. Pre-operative factors univariably associated with a higher 5-

year MRI score were younger age, shorter DOS, fewer previous knee procedures and a 

smaller graft size. In the final multivariable model baseline MCS, DOS and graft size were 
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statistically significant predictors of MRI score. A 1-point increase in the baseline MCS was 

estimated to predict a 0.01 point increase (95% CI: 0.00 to 0.03, p=0.036) in mean MRI 

composite score. Each year of DOS was estimated to decrease the mean MRI composite score 

by 0.03 (95% CI: -0.01 to -0.04, p=0.002), while an increase in defect size of 1cm
2
 was 

associated with a decrease in the MRI composite score of 0.08 (95% CI :-0.14 to -0.03, 

p=0.003). The standardized betas (change in units of SD of MRI score for 1SD increase in 

predictor) were 0.194, -0.292 and -0.276, respectively. The adjusted R
2
 for this model was 

0.134. 

 

Insert Table 4. 

 

Satisfaction Score 

The 5-year Satisfaction scores ranged from 0 to 100, with a mean of 76.2±25.6 and a median 

of 83.3 (IQR: 36.7). Baseline MCS and 8-week (versus 12-week) time to FWB were 

univariably associated with a better 5-year satisfaction score (Table 5). The final tobit model 

retained only time to FWB, where a 12-week time versus an 8-week time to FWB was 

associated with a decrease in the mean Satisfaction score of 14.9 (95% CI: 1.7 to 28.0  points, 

p=0.027), corresponding to a standardized beta of -0.225. The pseudo-R
2
 (McKelvey & 

Zavoina’s R
2
) measure of this model was 0.076. 

 

Insert Table 5. 
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DISCUSSION 

 

While MACI has demonstrated good clinical efficacy for the repair of full thickness articular 

cartilage defects in the knee,
4, 6, 20, 24

 we understand little about the contribution of known 

influential pre- and post-operative factors to post-operative outcome. Patients significantly 

improved from pre-surgery to five years post-surgery in the KOOS Sport/Rec and QOL 

subscales, whereby 87.5% (Sport/Rec) and 79.8% (QOL) of patients had an improvement 

greater than 10 points. While the MCID for the KOOS has not been assessed for patients 

undergoing cartilage repair or ACI, a MCID of 8-10 points has been suggested in patients 

following ACL reconstruction.
68

 No variables contributed significantly to the KOOS QOL 

score at five years, in addition to the baseline KOOS QOL score. However, in addition to the 

baseline KOOS Sport/Rec score, pre-operative SF-36 (MCS and PCS) scores and DOS 

contributed significantly to the KOOS Sport/Rec score at five years. Bartlett et al.
2
 have 

previously demonstrated that higher pre-operative SF-36 scores are associated with better 

post-operative clinical outcome following ACI, suggesting that the SF-36 may prove 

beneficial in both the pre-operative assessment and post-operative review of ACI patients.
2
  

 

A shorter DOS has been associated with improved post-operative clinical outcome following 

ACI
40, 62, 71

 and morphological graft repair as assessed by MRI.
16

 It is thought that a short 

(acute injury) history of trauma, pain and symptoms leading up to the MACI procedure are 

decisive factors in a good clinical outcome, when compared with long-standing trauma or 

patients suffering from degenerative cartilage defects.
62

 This may also relate to ‘defect age’, 

whereby long-standing lesions may experience advanced degeneration of surrounding bone 

and cartilage, providing a possible adverse intra-articular environment.
70

 Furthermore, inferior 

clinical results have also been observed in patients who have undergone three or more knee 

surgeries preceding ACI.
40
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With respect to the MRI-based outcomes, factors univariably associated with a higher 5-year 

MRI score were younger age, pre-operative MCS, shorter DOS, fewer previous knee 

procedures and a smaller graft size, though this was restricted to pre-operative MCS, DOS 

and graft size in the final statistical model. The potential relevance of a better pre-operative 

SF-36 score (MCS and/or PCS), a shorter DOS and fewer previous knee surgeries has been 

already discussed. However, chondral defect size has previously exhibited a significant 

negative correlation with clinical outcome and pertinent parameters of morphological graft 

repair following ACI in the knee, as assessed by MRI at two
16

 and five
17

 years post-surgery. 

Recent research has suggested that an upper limit of 7.5 cm
2 

may exist in which, after this 

level, a poorer graft outcome may be observed.
17

 However, contradictory results in the knee 

have been reported.
11, 52, 78

 

 

Patient age has shown a significant negative correlation with clinical outcome
11, 38, 40

 

following ACI, as well as pertinent parameters of morphological graft repair as assessed by 

MRI at two
16

 and five
17

 years post-surgery.
13, 25, 42

 Age restrictions are generally indicated for 

ACI surgery
36, 58

 since, as one ages, there is an associated reduction in tissue regenerative 

capacity. However, while age was univariably associated with MRI-based outcome in this 

retrospective analysis, it did not significantly contribute to 5-year clinical or MRI-based 

outcomes in the final multivariable model. Analysis suggested that a substantial degree of the 

association between age and MRI outcome was explained by defect size and DOS. 

 

The only factor that significantly contributed to patient satisfaction in the final multivariable 

model was an 8-week post-operative return to full WB (versus 12 weeks). Several papers have 

outlined the importance of post-operative rehabilitation following ACI and,
12, 28, 30, 32, 63, 64

 

while programs differ between institutions, a graded program incorporating progressive 
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exercise and partial WB is recommended.
18, 28

 We have previously demonstrated that the 

gradient and time to attain full WB post-surgery does influence clinical and functional patient 

outcome following MACI to the WB condyles.
17-19

 Interestingly, despite the association with 

satisfaction, the faster return to full WB demonstrated no significant association on either five 

year clinical or MRI-based outcomes in this analysis. Satisfaction draws on the patient’s 

memory of their pre-operative state, the surgical procedure and the early, mid and later post-

operative phases, as opposed to a PRO measure which simply involves comparison of one 

score with that reported at a different point in time. The reliability of patients’ estimates of 

previous health status has been questioned, whereby the events intervening between the 

anchor points influence the recall of the original status,
31

 such as the early post-operative 

course of rehabilitation.  

 

Other predictive factors that did not contribute to 5-year outcomes in this analysis as 

anticipated, or had demonstrated an association with patient outcome following ACI in prior 

studies, included BMI, graft location, pre-operative activity level and other potentially 

deleterious lifestyle factors. Of importance to the tibial or femoral WB condyles, BMI has 

previously demonstrated a significant negative correlation with clinical
34

 and MRI-based
16

 

outcome. Jaiswal et al.
34

 recently demonstrated that obese patients have worse knee function 

pre-operatively and experience no sustained benefit at two years after ACI or MACI. It has 

been previously demonstrated that any reduction in body weight results in a four-fold 

reduction in loads experienced at the knee during normal ambulation and daily activities,
49

 

which in turn, may overload post-operative repair tissue. This does highlight the importance 

of pre-operative weight loss and post-operative weight maintenance. The correlation between 

BMI and patient outcome was not conveyed in this analysis, suggesting that either BMI is not 

as important in the longevity of a tibiofemoral MACI graft as we think; or any negative 

ramifications of excessive BMI on graft outcome have been skewed, since patients were 
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screened for excessive BMI prior to surgery. Unfortunately, this retrospective analysis 

assessed a cohort in which only 20.2% (21/104) were classified as obese (BMI>30).  

 

While prior research has demonstrated better clinical improvement with medial femoral 

condylar grafts in comparison to lateral,
11

 we did not observe a significant association 

between either medial or lateral compartment grafts, with five year outcomes, in this analysis. 

In addition to graft size and location, cell quality at the time of implantation (collagen type II 

expression, CD44 expression and cell viability) has been correlated with improved post-

operative outcome,
53

 while the presence of severe subchondral bone marrow oedema deep to 

the chondral lesion prior to surgery has been associated with a poorer clinical outcome.
54

 

While this was not information documented in this analysis, this may suggest that pre-

operative MRI assessment of bony oedema may provide an additional prognostic factor for 

the early clinical course after ACI. Finally, other co-morbidities or social habits have also 

demonstrated association with ACI outcome. Jaiswal et al.
35

 demonstrated that both clinical 

and ACI graft outcome (failure rate) was associated with smoking; a strong negative 

correlation was observed between the amount of cigarettes smoked and post-operative 

outcome. This was not information documented or used in this analysis. 

 

Interestingly, while the KOOS Sport/Rec and QOL subscale scores were significantly 

correlated at five years, and both were significantly correlated with the Satisfaction score, 

neither significantly correlated with the MRI composite score. This may reflect PRO 

measures that are not specific enough to detect changes and/or improvements resulting from 

ACI. Although the KOOS has been used routinely for ACI,
2, 18, 46, 55, 65

 a recent report stated 

that there are currently no cartilage repair-specific outcome measures.
29

 With the development 

of more specific tools to assess patients following ACI, a higher association between clinical 

and MRI-based results may emerge. Alternatively, these findings may just reflect the vast 
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amount of external biopsychosocial influences on the patient’s perception and behavioral 

response to pain through measured function, which will influence patient-reported scores. 

These findings do indicate that, at present, both MRI-based and clinical PRO measures are 

important, and combine to assess both patient and graft outcome. An important aim of ACI is 

to reduce pain and symptoms, whilst returning the patient to a normally active lifestyle; 

variables that can only be reported verbally (or through questionnaires) by the patient. 

However, the ability of ACI to produce a hyaline-like regenerative tissue that may withstand 

the high loading demands placed upon it, and prevent or delay the onset of osteoarthritis 

associated with articular cartilage pathology, can only be assessed by methods such as MRI. 

 

A number of limitations existed within this research. Firstly, this study evaluates patient 

reported outcome and satisfaction, psychosocial constructs potentially influenced by many 

factors not considered in this study. Variables in the final models accounted for only a small 

amount of variability in KOOS outcomes, though still meaningful, with R
2
 (0.246 and 0.134 

for Sport/Rec and QOL, respectively) above the recommended minimum effect size 

representing a ‘practical’ effect for psychosocial outcomes.
22

 Although not directly 

comparable, relatively little of the variance in satisfaction (pseudo-R
2
 = 0.076) was explained 

by the predictors in this study. The R
2
 value of 0.134 for the MRI score was fairly low for a 

biological measure and it is possible that factors not considered in this study may further 

explain variance in this outcome. These may include the health of the knee and patient at the 

time of surgery and throughout the post-operative timeline, cell quality at implantation and 

patient activity level. The frequency and intensity of physical activity/sport may provide 

valuable information as to its contribution to patient outcome and satisfaction. 

 

Secondly, our sample size did permit analysis with respect to the medial or lateral condyles. 

However, the analysis was primarily on the femoral condyles, given the few tibial cases. Our 
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goal was to evaluate the tibiofemoral joint, as opposed to the isolated femoral condyles, and 

excluding the four tibial grafts resulted in very similar statistical estimates. Nevertheless, a 

larger sample in the future may permit a more specific analysis with respect to the influence 

of these predictor variables on tibial MACI and, while we would expect femoral and tibial 

grafts to be affected similarly by these predictor variables, grafts on the anterior, mid and/or 

posterior femoral/tibial condyles are subjected to different loads and articulation profiles, and 

may be influenced by different variables. Furthermore, this analysis did not accommodate for 

a variety of different defect aetiologies which may play a role in final outcome.
62

 Thirdly, the 

small size and heterogeneity of the subgroup of patients that had concomitant documented 

procedures at the time of MACI grafting precludes detection of the influence of particular 

concomitant procedures on outcome. It can only be concluded that as a group, with the 

numbers available, there was no evidence of a difference in any outcome between those 

patients with and without concomitant procedures. A larger sample of particular procedures is 

needed to confirm the absence of influence of concomitant procedures on outcome. 

 

Fourthly, for the assessment of radiological outcome we employed a morphological MRI 

composite score.
46, 65, 74, 75

 New methods of assessing the biochemical characteristics of repair 

tissue are emerging.
41, 72, 73

 This may assist in evaluating the ‘ultra-structure’ of the repair 

tissue
14

 and, in time, may reflect a more accurate assessment of MRI-based outcome, thereby 

altering the influence of these predictors on MRI-based outcome. Finally, we employed PROs 

for clinical assessment that we use routinely within our institution. As outlined by Hambly 

and Griva,
29

 there is currently no agreement on a ‘gold standard’ patient-assessed measure for 

the evaluation of cartilage repair surgery, let alone ACI. Therefore, PRO measures specific to 

articular cartilage repair (and ACI) need to be developed for these studies. 
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This study outlined factors such as pre-operative SF-36 scores, duration of knee symptoms, 

graft size and post-operative course of weight bearing rehabilitation as pertinent variables 

involved in 5-year clinical and radiological outcome, and overall satisfaction. This analysis 

may provide a more accurate screening tool for surgeons to better assess which patients are 

deemed good candidates for MACI, and those with a better chance at a successful clinical 

and/or graft outcome. It also provides physical therapists working in the pre-operative 

preparation and post-operative rehabilitation of these patients structured goals to enable better 

individual surgical outcome. To our knowledge, there is no research investigating the 

contribution of patient, injury, surgery and post-operative variables to patient outcome 

following MACI. While time will provide a larger MACI patient cohort in which a more 

detailed analysis can be undertaken with respect to the influence of these predictor variables 

on specific graft aetiology and location (anterior, mid and/or posterior condyles), other areas 

of the knee can also be assessed (patellofemoral joint). Furthermore, a larger cohort will 

permit the inclusion of additional variables, such as those not provided in this analysis 

including differing surgical techniques (open or arthroscopic), patient activity level, cell 

quality at implantation, other lifestyle factors and general knee and subchondral bone health.  
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TABLE 1. Descriptive statistics of baseline clinical scores, surgical parameters and 5-year 

outcome variables in 104 patients. 

 

 
Mean (SD) or n (%)* Range 

Baseline Characteristics 

KOOS (Sport/Rec) 23.6 (24.1) 0 - 100 

KOOS (QOL) 29.4 (21.3) 0 - 100 

Age (years) 37.9 (11.6) 13 - 62 

Female 42 (40.5)* N/A 

Body Mass Index 26.7 (3.9) 16.8 – 39.5 

SF-36 (MCS) 51.4 (10.3) 23.3 – 85.6 

SF-36 (PCS) 39.2 (9.6) 22.0  – 58.6 

Duration symptoms (years) 8.4 (7.5) 1 - 46 

Number of prior procedures 1.4 (1.2) 0 - 4 

Surgical Characteristics 

Defect size (cm) 3.2 (2.3) 0.6 – 10.0 

Lateral compartment (vs medial) 30 (28.9)* N/A 

Concomitant surgical procedure  14 (13.5)* N/A 

12 week time to FWB (vs 8 week) 56 (53.9)* N/A 

5-year Outcomes 

KOOS (Sport/Rec) 63.1 (27.1) 0 - 100 

KOOS (QOL) 58.5 (23.1) 0 - 100 

MRI Composite Score 3.0 (0.7) 1.2 – 4.0 

Satisfaction Score 76.2 (25.6) 0 - 100 

 
KOOS = Knee Injury and Osteoarthritis Outcome Score; Sport/Rec = Sport and Recreation; QOL = Quality of Life; SF-36 = 

36 item Short Form Health Survey; MCS = Mental Component Score; PCS = Physical Component Score; FWB = full weight 
bearing; MRI = magnetic resonance imaging. 
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Table 2. Univariable (conditioning on baseline score) and multivariable linear regression models for the KOOS Sport and Recreation 

(Sport/Rec) subscale. 

 

Predictor Variable Univariable Final Multivariable (Adjusted R2 0.246) 

 B (95% CI) P value B (95% CI) Standardized beta P value 

Baseline score 0.48 (0.28, 0.68) <0.001 0.33 (0.12, 0.55) 0.296 0.003 

Age (years) -0.34 (-0.76, 0.07) 0.102    

Female -2.11 (-12.10, 7.89) 0.741    

Body Mass Index -0.07 (-1.30, 1.16) 0.912    

SF-36 (MCS) 0.43 (-0.06, 0.92) 0.085 0.52 (0.04, 0.99) 0.185 0.035 

SF-36 (PCS) 0.54 (-0.01, 1.08) 0.053 0.63 (0.09, 1.16) 0.222 0.022 

Duration symptoms (years) -0.53 (-1.17, 0.10) 0.100 -0.67 (-1.29, -0.05) -0.185 0.036 

Number of prior procedures -0.93 (-4.90, 3.04) 0.643    

Time to FWB (8 vs 12 weeks) -7.69 (-17.39, 2.01) 0.119    

Concomitant surgical procedure -0.91 (-15.0, 13.2) 0.898    

Defect size (cm) 0.04 (-2.06, 2.13) 0.972    

Graft compartment (lateral vs medial) 3.66 (-6.99, 14.31) 0.497    

 
SF-36 = 36-item Short Form Health Survey; MCS = Mental Component Score; PCS = Physical Component Score; FWB = full weight bearing. 
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Table 3. Univariable (conditioning on baseline score) and multivariable linear regression models for KOOS Quality of Life (QOL) subscale. 

 

Predictor Variable Univariable Multivariable (Adj R2 0.139) Final Model (Adj R2 0.134) 

 B (95% CI) P value B (95% CI) P value B (95% CI) Standardized beta P value 

Baseline score 0.41 (0.22, 0.61) <0.001 0.41 (0.22, 0.61) <0.001 0.41 (0.21, 0.60) 0.384 <0.001 

Age (years) -0.08 (-0.45, 0.28) 0.659      

Female -2.71 (-11.31, 5.88) 0.533      

Body Mass Index -0.02 (-1.09, 1.06) 0.977      

SF-36 (MCS) 0.42 (-0.02, 0.85) 0.059 0.42 (-0.02, 0.85) 0.059    

SF-36 (PCS) 0.31 (-0.18, 0.80) 0.214      

Duration symptoms (years) -0.38 (-0.93, 0.18) 0.181      

Number of prior procedures -1.87 (-5.31, 1.57) 0.284      

Time to FWB (8 vs 12 weeks) -0.46 (-8.99, 8.06) 0.914      

Concomitant surgical procedure 5.84 (-6.36, 18.05) 0.345      

Defect size (cm) 0.05 (-1.78, 1.88) 0.958      

Graft compartment (lateral vs medial) 2.45 (-6.78, 11.7) 0.600      

 
SF-36 = 36-item Short Form Health Survey; MCS = Mental Component Score; PCS = Physical Component Score; FWB = full weight bearing. 
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Table 4. Univariable and multivariable linear regression models for the Magnetic Resonance Imaging (MRI) Composite Score. 

 

Predictor Variable Univariable Multivariable (Adj R2 = 0.159) Final Model (Adj R2 = 0.154) 

 B (95% CI) P value B (95% CI) P value B (95% CI) 
Standardized 

beta 
P value 

Age (years) -0.014 (-0.025, -0.003) 0.017 -0.008 (-0.019, 0.003) 0.158    

Female -0.124 (-0.402, 0.154) 0.378      

Body Mass Index -0.011 (-0.045, 0.024) 0.546      

SF-36 (MCS) 0.012 (-0.002, 0.026) 0.086 0.013 (-0.001, 0.025) 0.071 0.014 (0.001, 0.027) 0.194 0.036 

SF-36 (PCS) 0.000 (-0.014, 0.014) 0.976      

Duration of symptoms (years) -0.024 (-0.041, -0.006) 0.009 -0.021 (-0.039, -0.002) 0.027 -0.027 (-0.043, -0.010) -0.292 0.002 

Number of prior procedures -0.114 (-0.223, -0.004) 0.043 -0.045 (-0.156, 0.066) 0.423    

Time to FWB (8 vs 12 weeks) 0.074 (-0.198 ,0.345) 0.593      

Defect size (cm) -0.078 (-0.135, -0.020) 0.008 -0.076 (-0.131, -0.021) 0.007 -0.083 (-0.137, -0.029) -0.276 0.003 

Concomitant surgical procedure 0.110 (-0.28, 0.51) 0.579      

Graft compartment (lateral vs medial) -0.094 (-0.393, 0.205) 0.536      

 
SF-36 = 36-item Short Form Health Survey; MCS = Mental Component Score; PCS = Physical Component Score; FWB = full weight bearing. 
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Table 5. Univariable and multivariable tobit regression models for the Satisfaction Score. 

 

Predictor Variable Univariable Multivariable (pseudo R2 = 0.010) Final Model (pseudo R2 = 0.076) 

 B (95% CI) P value B (95% CI) P value B (95% CI) 
Standardized 

beta 
P value 

Age (years) -0.23 (-0.80, 0.35) 0.439      

Female -3.49 (-18.61, 11.63) 0.651      

Body Mass Index -0.05 (-1.77, 1.67) 0.957      

SF-36 (MCS) 0.52 (-0.17, 1.21) 0.140      

SF-36 (PCS) 0.68 (0.00, 1.36) 0.048 0.56 (-0.15, 1.27) 0.123    

Duration of symptoms (years) -0.40 (-1.50, 0.70) 0.478      

Number of prior procedures -3.12 (-8.72, 2.48) 0.274      

Time to FWB (8 vs 12 weeks) -14.85 (-27.98, -1.73) 0.027 -13.01 (-25.93, 0.09) 0.048 -14.85 (-27.98,-1.73) -0.225 0.027 

Defect size (cm) -0.55 (-2.99, 1.89) 0.658      

Concomitant surgical procedure 5.49 (-14.27, 24.65) 0.598      

Graft compartment (lateral vs medial) 7.19(-9.54, 23.92) 0.337      

 
SF-36 = 36-item Short Form Health Survey; MCS = Mental Component Score; PCS = Physical Component Score; FWB = full weight bearing. 

 


