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Background: Traditionally, the primary outcome in meniscal allograft transplantation (MAT) has been long-term survivorship;
however, short-term clinically significant outcomes are necessary to fully evaluate patient improvement after surgery.

Purpose: To (1) establish the minimal clinically important difference (MCID) and patient acceptable symptomatic state (PASS) with
respect to patient-reported outcome measures (PROMs) and (2) evaluate preoperative and intraoperative variables correlated with
achieving these threshold values.

Study Design: Cohort study (diagnosis); Level of evidence, 2.

Methods: A prospectively maintained institutional registry was queried for all MATs performed between 1999 and 2017. The
following PROM scores were collected: International Knee Documentation Committee (IKDC) score, Lysholm score, and Knee
injury and Osteoarthritis Outcome Score (KOOS). Patients who completed preoperative and postoperative PROMs within a
1-month window were included to calculate the distribution-based MCID at this interval. An anchor question regarding satisfaction
with surgery was asked at the same time point and was employed to determine the PASS using nonparametric receiver operating
characteristic curve/area under the curve analysis. Multivariate regression analysis was performed to correlate patient demo-
graphics, medical history, and concomitant procedures to propensity in achieving the MCID and PASS.

Results: A total of 98 patients who underwent MAT met the inclusion/exclusion criteria, of whom 10 underwent concomitant
ligamentous procedures, 65 underwent concomitant cartilage procedures, and 7 underwent concomitant realignment procedures.
The mean patient age was 29.4 ± 9.0 years, and the mean body mass index (BMI) was 26.8 ± 5.2 kg/m2. The distribution-based
MCID and PASS were determined for the Lysholm score (12.3 and 66.5) and IKDC (9.9 and 36.0) as well as the KOOS Pain (9.9 and
N/A ), Symptoms (9.7 and 73.0), Activities of Daily Living (9.5 and N/A), Sport (13.3 and N/A), and Quality of Life (14.6 and 53.0)
subscales, respectively. A preoperative Short Form Physical Component Summary (SF PCS) score greater than 32.0 was pre-
dictive of postoperative satisfaction. Patients with work-related claims had a reduced likelihood of achieving the MCID for the IKDC
and the PASS for the KOOS Symptoms. An increased BMI was also associated with failing to achieve the PASS for the KOOS
Quality of Life (QOL).

Conclusion: This study established the MCID and PASS for the Lysholm score, IKDC, and KOOS in patients undergoing MAT.
Workers’ compensation and higher BMI were associated with failing to achieve clinically significant values. Lower preoperative
Lysholm, IKDC, and KOOS scores were predictive of achieving the MCID, while higher preoperative SF PCS scores were asso-
ciated with achieving satisfaction after MAT.

Keywords: meniscal allograft transplant; minimal clinically important difference; patient acceptable symptomatic state; clinical
outcomes

Meniscal allograft transplantation (MAT) has been shown to
restore force distribution lost by meniscus-deficient
knees.27,40 In appropriately selected candidates, MAT is a
viable procedure for joint preservation, although future
research will always be needed for methods to gain optimum
results.20,24,37 Given appropriate preliminary results, clinical
practice guidelines must be constructed from research to pro-
vide the optimal methodology of MAT. An increasing focus is

being placed on clinically significant results over statistically
significant results to demonstrate clinical benefit.15

Traditionally, outcomes in MAT studies have involved sur-
vivorship in delaying knee arthroplasty. In the short-term and
midterm time frame, outcomes after MAT are heavily reliant
on subjective outcome scores to evaluate patient improve-
ment. As such, statistically significant differences between
these subjective scores do not provide robust evidence of treat-
ment efficacy from which to base practice guidelines.15 The
minimal clinically important difference (MCID), which is
the most well-known clinical outcome threshold, reflects
the threshold difference between preoperative and
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postoperative scores needed to differentiate patients who
demonstrate no change after surgery from those who
demonstrate minimal improvement after surgery.25 This
score is calculated through either a distribution- or
anchor-based methodology and may be correlated with
preoperative and intraoperative variables. The patient
acceptable symptomatic state (PASS) reflects the postop-
erative score that is associated with patient satisfaction.25

These clinically significant outcomes are critical to docu-
ment patient improvement after surgery. By employing
these measures, outcomes after surgery may be stratified
into achieving a minimally improved state or satisfactory
state. Further research regarding MAT may also employ
these thresholds to sufficiently power trials, as the ability
to achieve a minimal improvement would confer clinical
significance. Additionally, in assessing outcomes by these
threshold measures, clinicians may discuss with patients
the reasons for not achieving these thresholds at shorter
intervals and strategize alternative options.

Establishing these threshold scores specific to a pro-
cedure of interest allows physicians to reliably measure
clinical improvements after surgery.25 The “pay for
performance” model of health care is trending to replace
the “fee for service” model, and therefore, clinical outcomes
will be further emphasized in the near future.14 Therefore,
subjective clinically reported outcome measures are impor-
tant in demonstrating quality-based care, particularly
because survivorship models cannot be used in the short
term. A higher threshold is accomplished by clinically sig-
nificant outcomes and should be preferred over statistical
significance in optimizing techniques.

The goal of this study was to establish the MCID and
PASS with respect to patient-reported outcome measures
(PROMs) for MAT and to evaluate preoperative and intra-
operative variables correlated with achieving these thresh-
old values. The hypothesis of this study was that specific
differences between preoperative and postoperative scores
are accurately able to predict patient perception of improve-
ment and satisfaction after MAT.

METHODS

Study Design

The present study was a retrospective review of prospec-
tively collected patient-reported outcomes. An institutional
registry was queried for all patients who underwent MAT

between 1999 and 2017 with a minimum 1-year follow-up.
Patients were included in the study regardless of concomi-
tant procedures. Patients were excluded if they failed to
complete their patient-reported outcome questionnaire
within 1 month of receiving it, to ensure that captured
improvement was reflective of the 1-year time interval.
Each patient received an electronic copy of the question-
naire every 5 days for a period of 1 month. The question-
naire was not extended beyond 1 month, to prevent
heterogeneity of the outcomes. Outcomes were recorded via
an electronic data collection service (Outcome Based Elec-
tronic Research Database; Universal Research Solutions).
Institutional review board approval was acquired before
initiation of this study.

Patient-Reported Outcome Measures

A total of 3 outcome scores were collected during the
included time frame: The subjective International Knee
Documentation Committee (IKDC) score,12 Lysholm
score,23 and Knee injury and Osteoarthritis Score
(KOOS).36 The KOOS is stratified into 5 separate sub-
scales: Pain, Symptoms, Activities of Daily Living (ADL),
Sport, and Quality of Life (QOL). These outcome scores
were collected preoperatively and at 1-year follow-up.

Anchor Questions

An additional anchor question regarding satisfaction was
instituted in 2010. Patients were asked the following: “In
retrospect, would you still proceed with the meniscus trans-
plant having now experienced the entire process?” This
anchor question was used in the calculation of the PASS
and also as a binary outcome metric to establish satisfac-
tion with the procedure.

Patient Selection

Inclusion criteria for MAT included age <40 years, an
absent or nonfunctional meniscus, and pain with activity.
Exclusion criteria included uncorrected varus/valgus mal-
alignment, uncorrected knee instability, diffuse arthritic
changes, bony architecture changes, inflammatory arthri-
tis, and synovial disease. Concomitant distal femoral
osteotomy, high tibial osteotomy, and cartilage restoration
were performed only when indicated to give the transplant
the best chance of success. High tibial osteotomy was
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indicated in patients with varus alignment with no liga-
mentous instability and good range of motion but was not
performed in those who had severe articular damage, tri-
compartmental arthrosis, or patellofemoral arthrosis. Dis-
tal femoral osteotomy was indicated in patients with a
valgus deformity >12� to 15�, joint line obliquity >10�, flex-
ion of at least 90�, and <15� of flexion contracture. Osteo-
chondral allograft transplantation was reserved for
patients with isolated, full-thickness chondral lesions >1
cm in diameter to the ipsilateral side of the transplant that
were recalcitrant to nonoperative therapy. All concomitant
procedures were performed at the time of MAT.

Surgical Technique and Rehabilitation Protocol

The senior author’s (B.J.C.) preferred technique for MAT
has been previously published.5,6,26 When present, associ-
ated abnormalities (cartilage defects, anterior cruciate lig-
ament [ACL] insufficiency, varus/valgus malalignment)
were treated concomitantly. All MAT procedures were per-
formed with a bridge-in-slot technique for either the medial
or lateral side, with the exception of patients undergoing
concurrent ACL reconstruction, in which case the bone slot
was modified to facilitate ACL graft placement.5,9 Cartilage
defects were treated utilizing a previously described algo-
rithm.7 In all cases, the meniscal allograft was sized accord-
ing to a previously published protocol.42 Fresh-frozen,
nonirradiated meniscal allografts were used.

The postoperative rehabilitation protocol has been previ-
ously described,5 with 6 to 8 weeks of protected heel-touch
weightbearing, locked flexion of 0� to 90�, heel slides, quad-
riceps sets, and straight-leg raises. The patient was
advanced to full weightbearing, closed chain strengthen-
ing, and cycling by 12 weeks. Progression to sport-specific
activities and full training was permitted by 20 weeks post-
operatively, with alterations to account for concomitant
procedures as necessary.

Data Collection

In total, 98 patients met the inclusion/exclusion criteria
and completed both preoperative and postoperative
questionnaires in the time window (Table 1). Baseline
demographics were compared between patients lost to
follow-up and included study patients to account for selec-
tion bias. Medical records were retrospectively reviewed for
all preoperative and intraoperative variables, including
sex, workers’ compensation status, smoking status, body
mass index (BMI), age, concomitant procedures, number
of cartilage defects and corresponding Outerbridge classifi-
cation, focal cartilage lesion area (cm2), number of prior
surgeries, and medial versus lateral transplant. All vari-
ables were reviewed with respect to outcome measures.

Statistical Analysis

Statistical analysis was performed using RStudio software
version 1.0.143 (RStudio). The distribution-based method
was used to calculate the MCID, as the standard deviation
of the difference between preoperative and postoperative

scores was halved. Previous literature supports the reliabil-
ity of this method in establishing the MCID.2,4,32,33,35,47

Available satisfaction scores were used to calculate the
PASS using the anchor-based methodology. The postoper-
ative PROM scores from unsatisfied patients were com-
pared with those of satisfied patients, and receiver
operating characteristic (ROC) curve/area under the curve
(AUC) analysis was used to determine the appropriate
threshold in postoperative PROMs to differentiate between
satisfied and unsatisfied patients. An acceptable predictive
value was defined if the AUC was >0.7 and excellent if
>0.8.1,2 The Youden index was then used to calculate the
threshold at which sensitivity and specificity were maxi-
mized. The MCID and PASS were calculated for the
Lysholm score, IKDC, and all subscales of the KOOS. Last,
univariate and multivariate analyses were performed to
determine which factors were correlated to achieving the
MCID or PASS. Variables were included in multivariate
regression analysis if univariate analysis found signifi-
cance of P < .15. Odds ratios (ORs) with respect to all vari-
ables included in multivariate analysis were determined.
Preoperative baseline outcome scores were also correlated
with future satisfaction with surgery by ROC/AUC
analysis.

RESULTS

Demographics

During the study period, 471 MATs were performed.
Ninety-eight patients (20.7%) completed all questionnaires
within the required time window at 1-year follow-up. The
mean age of the cohort was 29.4 ± 9.0 years. There were
50 male and 48 female patients. Baseline preoperative
PROM scores were collected and were equivalent to those

TABLE 1
Baseline Patient Characteristics of All Patients

Undergoing Meniscal Allograft Transplantationa

Completed
PROMs
(n ¼ 98)

Noncompleted
PROMs

(n ¼ 373) P

Age, y 29.4 ± 9.0 28.5 ± 9.7 .694
Sex, male:female, n 50:48 204:169 .570
Body mass index, kg/m2 26.8 ± 5.2 26.2 ± 4.6 .338
Laterality, medial:lateral, n 57:41 193:180 .306
IKDC score 36.2 ± 15.6 39.7 ± 18.9 .143
Lysholm score 44.8 ± 17.0 47.4 ± 19.5 .322
KOOS Pain score 55.5 ± 15.5 54.2 ± 20.6 .583
KOOS Symptoms score 56.0 ± 17.1 55.4 ± 22.2 .829
KOOS ADL score 68.5 ± 17.5 68.2 ± 24.3 .933
KOOS Sport score 27.4 ± 21.5 30.0 ± 22.5 .402
KOOS QOL score 25.3 ± 18.0 24.8 ± 18.6 .846

aData are shown as mean ± SD unless otherwise indicated.
ADL, Activities of Daily Living; IKDC, International Knee Docu-
mentation Committee; KOOS, Knee injury and Osteoarthritis Out-
come Score; PROM, patient-reported outcome measure; QOL,
Quality of Life.
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of patients who were unable to complete their question-
naires within the allotted time window (Table 1). Concom-
itant procedures were performed in 82 of 98 patients, and
several patients received combinations of ligamentous,
realignment, and cartilage procedures (Table 2).

Calculating Clinically Significant Outcomes
(MCID and PASS)

Of the 98 patients who completed the PROMs, 34 completed
satisfaction questionnaires. The mean change in scores was
20.0 ± 19.7 for the IKDC, 20.3 ± 24.5 for the Lysholm score,
15.3 ± 19.8 for KOOS Pain, 13.6 ± 19.4 for KOOS Symptoms,
13.7 ± 19.0 for KOOS ADL, 18.5 ± 26.5 for KOOS Sport, and
16.0 ± 28.9 for KOOS QOL. From this, the MCID with the
distribution-based methodology was established (Table 3).
There were 28 patients satisfied with their surgery and 6
patients who were unsatisfied. There were statistically sig-
nificant differences in postoperative outcome scores between

satisfied and unsatisfied patients for the Lysholm score,
IKDC, KOOS Pain, KOOS Symptoms, KOOS ADL, KOOS
Sport, and KOOS QOL (P ¼ .035, P ¼ .006, P ¼ .011, P ¼
.005, P < .001, P ¼ .007, and P ¼ .015, respectively). ROC/
AUC analysis was performed to determine the threshold
postoperative score that best reflected satisfied patients. The
Youden index was used to select the threshold score that
maximized sensitivity and specificity (Table 4).

Variables Associated With Clinical Significance

Preoperative baseline scores were analyzed to determine if
any preoperative score was associated with future satisfac-
tion with surgery. Only the Short Form Physical Compo-
nent Summary (SF PCS) was predictive of future
satisfaction. Patients with SF PCS scores higher than
32.0 had a better likelihood of being satisfied after surgery
than those with less than the score. Post hoc analysis dem-
onstrated that patients who were satisfied had a mean SF
PCS score of 12.1 ± 17.0 while those who were not satisfied
had a mean SF PCS score of 1.5 ± 25.2 (Table 5).

Multivariate logistic regression was performed for
all preoperative and intraoperative variables related
to achieving the MCID. Achieving the MCID for the
Lysholm score was only associated with reduced preopera-
tive scores (OR, 0.956 [95% CI, 0.926-0.987]). A higher pre-
operative score (OR, 0.816 [95% CI, 0.666-0.990]) and
workers’ compensation status (OR, 0.002 [95% CI, 0.000-
0.765]) were associated with reduced odds of achieving the
MCID for the IKDC. A higher preoperative score was asso-
ciated with reduced odds of achieving the MCID for KOOS
Pain (OR, 0.921 [95% CI, 0.874-0.970]), KOOS Symptoms
(OR, 0.946 [95% CI, 0.905-0.988]), KOOS ADL (OR, 0.903
[95% CI, 0.843-0.966]), and KOOS QOL (OR, 0.925 [95% CI,
0.871-0.981]). Additionally, a history of meniscal debride-
ment was associated with greater odds of achieving the
MCID for KOOS QOL after MAT (OR, 9.871 [95% CI,
1.537-63.381]) (Table 6).

Lower preoperative Lysholm scores had reduced odds of
achieving the PASS for the Lysholm score (OR, 0.937 [95%
CI, 0.884-0.994]). No variable was associated with achiev-
ing the PASS for the IKDC. Workers’ compensation status
had reduced odds of achieving the PASS for KOOS Symp-
toms (OR, 0.088 [95% CI, 0.008-0.990]). A higher BMI indi-
cated reduced odds of achieving the PASS for KOOS QOL
(OR, 0.553 [95% CI, 0.348-0.880]) (Table 7). The remainder
of the KOOS subscales did not accurately model patient
satisfaction, and thus, multivariate regression was not
performed.

DISCUSSION

This study established values for the MCID and PASS for
patients undergoing MAT with respect to the Lysholm score
(12.3 and 66.5) and IKDC (9.9 and 36.0) as well as the KOOS
Pain (9.9 and N/A), Symptoms (9.7 and 73.0), ADL (9.5 and
N/A), Sport (13.3 and N/A ), and QOL (14.6 and 53.0) sub-
scales, respectively. Workers’ compensation status was asso-
ciated with failing to achieve the MCID for the IKDC, while

TABLE 2
Concomitant Procedures Performed

With Meniscal Allograft Transplantationa

Completed
PROMs, n

Noncompleted
PROMs, n P

Ligamentous
ACL reconstruction 10 47 .516

Cartilage
Chondroplasty 4 13 .238
Microfracture 12 29 .057
Osteochondral autograft

transplantation
3 4 .147

Osteochondral allograft
transplantation

50 157 .077

Autologous chondrocyte
implantation

6 19 .246

Realignment
High tibial osteotomy 4 21 .542
Distal femoral osteotomy 3 14 .741

aACL, anterior cruciate ligament; PROM, patient-reported out-
come measure.

TABLE 3
Distribution-Based MCIDa

MCID

Lysholm 12.3
IKDC 9.9
KOOS Pain 9.9
KOOS Symptoms 9.7
KOOS ADL 9.5
KOOS Sport 13.3
KOOS QOL 14.6

aADL, Activities of Daily Living; IKDC, International Knee
Documentation Committee; KOOS, Knee injury and Osteoarthritis
Outcome Score; MCID, minimal clinically important difference;
QOL, Quality of Life.
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workers’ compensation and higher BMI were both associated
with failing to achieve the PASS for the KOOS subscales.
Preoperative Lysholm (lower score associated with achiev-
ing the MCID and higher score associated with achieving the
PASS), IKDC, and KOOS scores were predictive of achieving
clinically significant outcomes, while a preoperative SF PCS
score greater than 32.0 indicated a better likelihood of being
satisfied after MAT. These results are important in helping
surgeons counsel patients preoperatively about their likeli-
hood of achieving clinically significant results after MAT.

Defining outcomes and success after MAT is particularly
complex, as its benefit can be difficult to quantify and there
is a lack of agreement on the most appropriate expected
outcome.39 While many studies have focused on graft sur-
vivorship using secondary surgery such as meniscectomy or
conversion to total knee arthroplasty as clinical endpoints,
data from long-term studies must be interpreted with cau-
tion, as techniques have evolved tremendously since the
first MAT procedure performed.§ Early studies published
by Verdonk et al44 involved an open technique detaching
the collaterals and have been shown to be biomechanically
inferior to current fixation methods by in vitro tibiofemoral
joint contact pressures.29 On the other hand, the current
standard of care involves an arthroscopic-assisted tech-
nique with a variety of soft tissue and bony fixation options

and a combination of all-inside and inside-out sutures to
affix the meniscus to the periphery.9 Our current under-
standing of survivorship, despite mixed techniques, is
approximately 80% survivorship at 10 years and 30% to
50% at 20 years.k Nevertheless, it is understood that MAT
does not prevent the progression of osteoarthritis and will
inevitably fail despite techniques.

The concept of quality “time gained” has thus surfaced as a
surrogate outcome for success.39 The majority of MAT clinical
case series have categorically demonstrated strong improve-
ments in function and quality of life viastatistically significant
changes in PROM scores.3,20,21 However, only a minority of
studies have addressed the concept of clinically significant
outcomes and have used non–MAT-specific values in their
analyses. Previous measures of knee function have considered
clinical failure tobea postoperativeLysholmscore less than65
or the need for a revision procedure.8,48 However, this cutoff
was determined for all knee procedures and does not consider
differences in abnormalities. Harris et al16 used the MCID and
minimaldetectablechangevaluesof11.5 for theIKDCand5to
12 for the KOOS, respectively, associated with general “knee
injuries” and the minimal detectable change value of 8.9 for
the Lysholm score in the setting of ACL reconstruction. These
values are slightly different from the values calculated from
our study, corroborating the notion that clinically significant
outcomes such as the MCID are both diagnosis and interven-
tion specific.31,32 Additionally, our study was able to define
other metrics of clinically significant outcomes, namely the
PASS, to provide a spectrum of meaningful outcomes that may
be used to gauge operative benefit after MAT.

We also found that lower preoperative PROM scores
were associated with achieving the MCID, while higher
preoperative SF PCS scores were associated with patient
satisfaction. These results suggest that patients with lower
preoperative function have more room to reach clinically
meaningful improvement, which is similar to the majority
of orthopaedic studies utilizing these clinically significant
metrics.10,11,18,22,31,32,34,46 On the other hand, higher preop-
erative physical function was the only metric associated
with achieving satisfaction after surgery. This result sug-
gests that patients must have a baseline level of function or

TABLE 5
Preoperative Scores Predictive of Satisfactiona

Threshold Sensitivity, % Specificity, % AUC, %

IKDC 57.0 100.0 19.0 57.4
Lysholm 49.0 87.5 53.3 61.7
WOMAC 26.0 70.0 61.9 65.7
SF PCS 32.0 100.0 75.0 75.0
SF MCS 59.4 50.0 87.5 59.4

aBolded values indicate acceptable or excellent area under the
curve (AUC) values (>70.0%). IKDC, International Knee Docu-
mentation Committee; MCS, Mental Component Summary; PCS,
Physical Component Summary; SF, Short Form; WOMAC, West-
ern Ontario and McMaster Universities Osteoarthritis Index.

TABLE 4
Anchor-Based PASSa

Threshold Sensitivity, % Specificity, % AUC, % Achieved PASS, n (%)

IKDC 36.0 45.5 100.0 77.7 53 (54.1)
Lysholm 66.5 70.0 85.0 73.5 70 (71.4)
KOOS Pain 43.0 33.3 85.0 56.1 Poor model
KOOS Symptoms 73.0 81.8 81.0 76.4 45 (45.9)
KOOS ADL 74.5 54.5 90.5 66.0 Poor model
KOOS Sport 22.5 44.4 95.5 67.7 Poor model
KOOS QOL 53.0 100.0 59.1 83.6 35 (35.7)

aPercentage achieving the PASS was not assessed in poor outcome models (AUC <70%). ADL, Activities of Daily Living; AUC, area under
the curve; IKDC, International Knee Documentation Committee; KOOS, Knee injury and Osteoarthritis Outcome Score; PASS, patient
acceptable symptomatic state; QOL, Quality of Life.

§References 13, 19, 20, 24, 30, 41, 43, 45, 48. ||References 3, 13, 19, 20, 24, 30, 41, 43, 45, 48.
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physical well-being before undergoing MAT to achieve the
PASS postoperatively.

The fact that patients insured under workers’ compensa-
tion had a lower probability of achieving the MCID is not
surprising. Saltzman and colleagues38 reported in a cohort
of 40 patients undergoing combined ACL reconstruction
and MAT that patients with workers’ compensation had a
higher chance of graft failure. Other cartilage restoration

procedures have also demonstrated inferior outcomes in
patients involved with workers’ compensation. McCulloch
et al28 reported in a cohort of 25 consecutive patients under-
going fresh osteochondral allograft transplantation of the
femoral condyle that patients insured under workers’ com-
pensation had statistically significantly lower KOOS Sport
scores at final follow-up compared with their non–workers’
compensation counterparts, despite similar baseline

TABLE 6
Logistic Regression of Variables Associated With Achieving the MCIDa

P Value

Odds Ratio (95% CI)Univariate Regression Multivariate Regression

Lysholm
Preoperative Lysholm score .008 .006 0.956 (0.926-0.987)

IKDC
Preoperative IKDC score .054 .049 0.816 (0.666-0.990)
Sex .065 .676 1.834 (0.107-3.139)
Workers’ compensation .040 .040 0.002 (0.000-0.765)
BMI .150 .329 1.186 (0.842-1.668)
No. of prior surgeries .044 .501 0.780 (0.377-1.610)
Outerbridge classification .144 .985 0.995 (0.558-1.774)

KOOS Pain
Preoperative KOOS Pain score .004 .002 0.921 (0.874-0.970)
Workers’ compensation .160 .081 0.197 (0.032-1.224)
Isolated procedureb .048 .883 0.881 (0.165-4.715)
Age .191 .353 0.964 (0.891-1.042)
BMI .121 .200 0.906 (0.779-1.054)
Outerbridge classification .144 .944 1.012 (0.717-1.429)

KOOS Symptoms
Preoperative KOOS Symptoms score .010 .012 0.946 (0.905-0.988)
Sex .006 .857 0.888 (0.167-4.723)
BMI .178 .365 0.927 (0.788-1.092)
No. of prior surgeries .142 .108 0.663 (0.401-1.094)

KOOS ADL
Preoperative KOOS ADL score <.001 .003 0.903 (0.843-0.966)
Workers’ compensation .138 .010 0.021 (0.001-0.403)
Prior debridement .069 .041 8.676 (1.090-69.052)
Concomitant cartilage procedurec .060 .082 0.217 (0.039-1.215)
No. of prior surgeries .146 .354 0.751 (0.409-1.377)

KOOS Sport
Preoperative KOOS Sport score .042 .275 0.899 (0.800-1.036)
Sex .092 .142 0.010 (0.000-1.018)
Workers’ compensation .076 .193 0.026 (0.000-1.519)
BMI .131 .914 0.957 (0.433-2.115)
No. of prior surgeries .125 .241 0.410 (0.093-1.819)
Outerbridge classification .038 .871 0.873 (0.168-4.541)
Lesion size .074 .824 1.147 (0.341-3.857)

KOOS QOL
Preoperative KOOS QOL score .026 .010 0.925 (0.871-0.981)
Sex .152 .370 0.452 (0.079-2.564)
Workers’ compensation .047 .144 0.121 (0.007-2.060)
Prior debridement .095 .016 9.871 (1.537-63.381)
Isolated procedureb .098 .789 0.714 (0.061-8.431)
Age .137 .453 0.965 (0.880-1.059)
BMI .016 .448 0.930 (0.772-1.121)

aBolded values indicate statistical significance upon multivariate regression (P < .05). ADL, Activities of Daily Living; BMI, body mass
index; IKDC, International Knee Documentation Committee; KOOS, Knee injury and Osteoarthritis Outcome Score; MCID, minimal clin-
ically important difference; QOL, Quality of Life.

bNo concomitant procedures with meniscal allograft transplantation.
cConcomitant chondroplasty, microfracture, autologous chondrocyte implantation, or osteochondral allograft transplantation.
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scores.38 Our results demonstrate that these statistically
inferior outcomes widely expressed in the literature are
also clinically inferior based on their association with fail-
ure to achieve the MCID and PASS. While the exact cause
to explain outcome differences in patients with workers’
compensation insurance claims remains unknown, other
authors have suggested that perhaps the process of making
a claim may be leading to worse outcomes or that these
claims may be associated with other unidentified factors.17

For example, secondary gain may be an important variable,
although difficult to isolate. Although we have yet to isolate
the exact underlying cause of worse outcomes for workers’
compensation patients undergoing MAT, it is important for
patients and clinicians alike to be aware of these findings
when making the decision about whether to pursue this
procedure.

Interestingly, higher BMI decreased the likelihood of
achieving the PASS for the KOOS QOL subscale. Intui-
tively, a higher BMI would place more stress across the

joint, which may not be as well dissipated in the presence
of meniscus transplantation. These patients may be more
symptomatic and less satisfied after their MAT surgery.
Nevertheless, there has been a dearth of literature to sup-
port the effects of higher BMI on outcomes after MAT,
perhaps because the majority of prior investigations
involving MAT use obesity as an exclusion criterion
(although an exact BMI cutoff has not been proposed in
the literature). Zaffagnini and colleagues48 did not find a
difference in survivorship of their MATs in patients with
BMIs >25 kg/m2 versus<25 kg/m2 (designated as this was
the mean of this population), although the BMI range in
their study was relatively narrow (18.9-35.9 kg/m2 in 175
patients), making it difficult to determine a true relation-
ship. In our study, the fact that only 1 KOOS subscale
demonstrated significance in relation to BMI may be
related to the indications of the senior author steering
patients with elevated BMIs away from MAT. Neverthe-
less, this subtle result does provide some limited evidence

TABLE 7
Logistic Regression of Variables Associated With Achieving the PASSa

P Value

Odds Ratio (95% CI)Univariate Regression Multivariate Regression

Lysholm
Preoperative Lysholm score .008 .031 0.937 (0.884-0.994)
Sex .009 .332 0.456 (0.093-2.228)
Workers’ compensation <.001 .305 0.304 (0.031-2.965)
Isolated procedureb .003 .480 2.346 (0.221-24.932)
Concomitant cartilage procedurec .003 .220 0.371 (0.076-1.809)
Age .023 .287 0.950 (0.863-1.044)
BMI .001 .376 0.897 (0.706-1.141)

IKDC
Sex .157 .338 0.450 (0.087-2.327)
Workers’ compensation .005 .050 0.128 (0.016-1.000)
Concomitant ligamentous procedured .089 .754 1.459 (0.137-15.537)
Isolated procedureb .057 .716 0.700 (0.102-4.788)
Concomitant cartilage procedurec .141 .424 2.172 (0.325-14.528)
BMI .030 .767 0.975 (0.826-1.152)
Outerbridge classification .011 .053 1.800 (0.994-3.260)

KOOS Symptoms
Preoperative KOOS Symptoms score .010 .795 1.005 (0.970-1.041)
Sex .040 .942 1.049 (0.292-3.771)
Workers’ compensation <.001 .049 0.088 (0.008-0.990)
Isolated procedureb .083 .591 1.696 (0.246-11.687)
Concomitant cartilage procedurec .115 .887 1.098 (0.304-3.962)
Age .155 .739 0.988 (0.923-1.059)
BMI <.001 .157 0.882 (0.742-1.049)

KOOS QOL
Sex .013 .899 0.880 (0.122-6.326)
Workers’ compensation .013 .995 N/A
BMI <.001 .012 0.553 (0.348-0.880)
Lesion size .136 .890 0.956 (0.504-1.812)

aBolded values indicate statistical significance upon multivariate regression (P < .05). BMI, body mass index; IKDC, International Knee
Documentation Committee; KOOS, Knee injury and Osteoarthritis Outcome Score; N/A, not available; PASS, patient acceptable symptomatic
state; QOL, Quality of Life.

bNo concomitant procedures with meniscal allograft transplantation.
cConcomitant chondroplasty, microfracture, autologous chondrocyte implantation, or osteochondral allograft transplantation.
dConcomitant anterior cruciate ligament reconstruction.
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to demonstrate that higher BMI is associated with clini-
cally inferior outcomes.

Limitations

A significant limitation of this study is the possibility of
selection bias, as only 21% of patients during the study’s
time period were compliant with both preoperative and
postoperative PROMs. However, the baseline demograph-
ics between compliant and noncompliant patients were
equivalent, and responses were time specific (see Table
1). Compliance for the satisfaction questionnaire was even
lower (7%) and may be further prone to selection bias. To
this end, the calculated PASS was found to be equivalent
to the baseline preoperative score. It is also important to
note that preoperative PROM scores were generally low,
which affected achievement of the MCID, even though this
may be reflective of the population undergoing MAT.
While the study did establish clinically significant out-
comes, these outcomes were only demonstrated at short-
term follow-up (1 year). The persistence of clinical
improvement in the long term is unknown. Patients may
start to experience a relapse of symptoms and worsening
functional outcomes well before the need for subsequent
procedures such as meniscectomy or arthroplasty. The
incidence and timing of worsening outcomes or clinical
failure of MAT are outside the scope of the present study.

Additionally, there was a wide range of concomitant pro-
cedures, and the resultant heterogeneity could certainly
have influenced outcomes and calculated values. Graft fail-
ure has been previously associated with knee malalign-
ment, chondral defects, and ligamentous instability.
Concomitant procedures were performed to give the graft
the best chance at succeeding in patients. Yet, isolated and
combined procedures were still felt to be comparable
because there was no change in the postoperative rehabil-
itation course, and a recent meta-analysis has demon-
strated equivalence in outcomes between isolated MAT
and that combined with other procedures.20 Additional het-
erogeneity may arise because of the inclusion of both
medial- and lateral-sided transplantation, although this
was not found to influence outcomes on multivariate anal-
ysis. Because of the lengthy inclusion time from 1999 to
2017, improved surgeon experience and skill over time may
also have biased the results. This time period was felt to be
necessary because of the infrequency of this operative pro-
cedure. Further, bias was limited because of the consistent
surgical technique from a single surgeon. Given the low
number of concomitant procedures, subanalyses account-
ing for these variables could not be performed.

CONCLUSION

This study established the MCID and PASS for the
Lysholm score, IKDC, and KOOS in patients undergoing
MAT. Workers’ compensation and higher BMI were associ-
ated with failing to achieve clinically significant values.
Lower preoperative Lysholm, IKDC, and KOOS scores
were predictive of achieving the MCID, while higher

preoperative SF PCS scores were associated with achieving
satisfaction after MAT.

REFERENCES

1. Berliner JL, Brodke DJ, Chan V, SooHoo NF, Bozic KJ. Can preoper-

ative patient-reported outcome measures be used to predict mean-

ingful improvement in function after TKA? Clin Orthop Relat Res.

2017;475(1):149-157.

2. Berliner JL, Brodke DJ, Chan V, SooHoo NF, Bozic KJ. John Charnley

Award: preoperative patient-reported outcome measures predict clin-

ically meaningful improvement in function after THA. Clin Orthop Relat

Res. 2016;474(2):321-329.

3. Bin S-I, Nha K-W, Cheong J-Y, Shin Y-S. Midterm and long-term

results of medial versus lateral meniscal allograft transplantation:

a meta-analysis. Am J Sports Med. 2018;46(5):1243-1250.

4. Chesworth BM, Mahomed NN, Bourne RB, Davis AM. Willingness to

go through surgery again validated the WOMAC clinically important

difference from THR/TKR surgery. J Clin Epidemiol. 2008;61(9):

907-918.

5. Cole BJ, Carter TR, Rodeo SA. Allograft meniscal transplantation:

background, techniques, and results. Instr Course Lect. 2003;52:

383-396.

6. Cole BJ, Dennis MG, Lee SJ, et al. Prospective evaluation of allograft

meniscus transplantation: a minimum 2-year follow-up. Am J Sports

Med. 2006;34(6):919-927.

7. Cole BJ, Pascual-Garrido C, Grumet RC. Surgical management of

articular cartilage defects in the knee. Instr Course Lect. 2010;59:

181-204.

8. Collins NJ, Misra D, Felson DT, Crossley KM, Roos EM. Measures of

knee function: International Knee Documentation Committee (IKDC)

subjective knee evaluation form, Knee injury and Osteoarthritis Out-

come Score (KOOS), KOOS Physical Function Short Form (KOOS-

PS), Knee Outcome Survey Activities of Daily Living Scale (KOS-ADL),

Lysholm Knee Scoring Scale, Oxford Knee Score (OKS), Western

Ontario and McMaster Universities Osteoarthritis Index (WOMAC),

Activity Rating Scale (ARS), and Tegner Activity Score (TAS). Arthritis

Care Res (Hoboken). 2011;63(suppl 11):S208-S228.

9. Cotter EJ, Frank RM, Waterman BR, Wang KC, Redondo ML, Cole

BJ. Meniscal allograft transplantation with concomitant osteochon-

dral allograft transplantation. Arthrosc Tech. 2017;6(5):e1573-e1580.

10. Cvetanovich GL, Weber AE, Kuhns BD, et al. Clinically meaningful

improvements after hip arthroscopy for femoroacetabular impinge-

ment in adolescent and young adult patients regardless of gender.

J Pediatr Orthop. 2018;38(9):465-470.

11. Cvetanovich GL, Weber AE, Kuhns BD, et al. Hip arthroscopic surgery

for femoroacetabular impingement with capsular management: fac-

tors associated with achieving clinically significant outcomes. Am J

Sports Med. 2018;46(2):288-296.

12. Friederich NF, Muller W, O’Brien WR. Clinical application of biome-

chanic and functional anatomical findings of the knee joint [in Ger-

man]. Orthopade. 1992;21(1):41-50.

13. Getgood A, Gelber J, Gortz S, De Young A, Bugbee W. Combined

osteochondral allograft and meniscal allograft transplantation: a sur-

vivorship analysis. Knee Surg Sports Traumatol Arthrosc. 2015;23(4):

946-953.

14. Goldman AH, Kates S. Pay-for-performance in orthopedics: how we

got here and where we are going. Curr Rev Musculoskelet Med. 2017;

10(2):212-217.

15. Harris JD, Brand JC, Cote MP, Faucett SC, Dhawan A. The signifi-

cance of statistics and perils of pooling, part 1: clinical versus statis-

tical significance. Arthroscopy. 2017;33(6):1102-1112.

16. Harris JD, Hussey K, Saltzman BM, et al. Cartilage repair with or

without meniscal transplantation and osteotomy for lateral compart-

ment chondral defects of the knee: case series with minimum 2-year

follow-up. Orthop J Sports Med. 2014;2(10):2325967114551528.

8 Liu et al The Orthopaedic Journal of Sports Medicine



17. Henn RF 3rd, Tashjian RZ, Kang L, Green A. Patients with workers’

compensation claims have worse outcomes after rotator cuff repair.

J Bone Joint Surg Am. 2008;90(10):2105-2113.

18. Kuhns BD, Hannon CP, Makhni EC, et al. A comparison of clinical

outcomes after unilateral or bilateral hip arthroscopic surgery: age-

and sex-matched cohort study. Am J Sports Med. 2017;45(13):

3044-3051.

19. Lee B-S, Bin S-I, Kim J-M, Kim W-K, Choi JW. Survivorship after

meniscal allograft transplantation according to articular cartilage sta-

tus. Am J Sports Med. 2017;45(5):1095-1101.

20. Lee B-S, Kim H-J, Lee C-R, et al. Clinical outcomes of meniscal

allograft transplantation with or without other procedures: a system-

atic review and meta-analysis. Am J Sports Med. 2018;46(12):

3047-3056.

21. Lee YS, Lee O-S, Lee SH. Return to sports after athletes undergo

meniscal surgery: a systematic review [published online October 4,

2017]. Clin J Sport Med. doi:10.1097/JSM.0000000000000500

22. Levy DM, Kuhns BD, Chahal J, Philippon MJ, Kelly BT, Nho SJ. Hip

arthroscopy outcomes with respect to patient acceptable symptom-

atic state and minimal clinically important difference. Arthroscopy.

2016;32(9):1877-1886.

23. Lysholm J, Gillquist J. Evaluation of knee ligament surgery results with

special emphasis on use of a scoring scale. Am J Sports Med. 1982;

10(3):150-154.

24. Mahmoud A, Young J, Bullock-Saxton J, Myers P. Meniscal allograft

transplantation: the effect of cartilage status on survivorship and clin-

ical outcome. Arthroscopy. 2018;34(6):1871-1876.

25. Maltenfort M, Diaz-Ledezma C. Statistics in brief. Minimum clinically

important difference: availability of reliable estimates. Clin Orthop

Relat Res. 2017;475(4):933-946.

26. Mascarenhas R, Yanke AB, Frank RM, Butty DC, Cole BJ. Meniscal

allograft transplantation: preoperative assessment, surgical consid-

erations, and clinical outcomes. J Knee Surg. 2014;27(6):443-458.

27. McCulloch PC, Dolce D, Jones HL, et al. Comparison of kinematics

and tibiofemoral contact pressures for native and transplanted lateral

menisci. Orthop J Sports Med. 2016;4(12):2325967116674441.

28. McCulloch PC, Kang RW, Sobhy MH, Hayden JK, Cole BJ. Prospec-

tive evaluation of prolonged fresh osteochondral allograft transplan-

tation of the femoral condyle: minimum 2-year follow-up. Am J Sports

Med. 2007;35(3):411-420.

29. McDermott ID, Lie DTT, Edwards A, Bull AMJ, Amis AA. The effects of

lateral meniscal allograft transplantation techniques on tibio-femoral

contact pressures. Knee Surg Sports Traumatol Arthrosc. 2008;16(6):

553-560.

30. Noyes FR, Barber-Westin SD. Long-term survivorship and function of

meniscus transplantation. Am J Sports Med. 2016;44(9):2330-2338.

31. Nwachukwu BU, Chang B, Kahlenberg CA, et al. Arthroscopic treat-

ment of femoroacetabular impingement in adolescents provides clin-

ically significant outcome improvement. Arthroscopy. 2017;33(10):

1812-1818.

32. Nwachukwu BU, Chang B, Voleti PB, et al. Preoperative Short Form

Health Survey score is predictive of return to play and minimal clini-

cally important difference at a minimum 2-year follow-up after anterior

cruciate ligament reconstruction. Am J Sports Med. 2017;45(12):

2784-2790.

33. Nwachukwu BU, Fields K, Chang B, Nawabi DH, Kelly BT, Ranawat

AS. Preoperative outcome scores are predictive of achieving the min-

imal clinically important difference after arthroscopic treatment of

femoroacetabular impingement. Am J Sports Med. 2017;45(3):

612-619.

34. Nwachukwu BU, Runyon RS, Kahlenberg CA, Gausden EB, Schairer

WW, Allen AA. How are we measuring clinically important outcome for

operative treatments in sports medicine? Phys Sportsmed. 2017;

45(2):159-164.

35. Quintana JM, Escobar A, Bilbao A, Arostegui I, Lafuente I, Vidaurreta

I. Responsiveness and clinically important differences for the

WOMAC and SF-36 after hip joint replacement. Osteoarthritis Carti-

lage. 2005;13(12):1076-1083.

36. Roos EM, Lohmander LS. The Knee injury and Osteoarthritis Out-

come Score (KOOS): from joint injury to osteoarthritis. Health Qual

Life Outcomes. 2003;1:64.

37. Saltzman BM, Cotter EJ, Stephens JP, et al. Preoperative tibial sub-

chondral bone marrow lesion patterns and associations with out-

comes after isolated meniscus allograft transplantation. Am J

Sports Med. 2018;46(5):1175-1184.

38. Saltzman BM, Meyer MA, Weber AE, Poland SG, Yanke AB, Cole BJ.

Prospective clinical and radiographic outcomes after concomitant ante-

rior cruciate ligament reconstruction and meniscal allograft transplanta-

tion at a mean 5-year follow-up. Am J Sports Med. 2017;45(3):550-562.

39. Spalding T, Getgood A. Defining outcome after meniscal allograft

transplantation: is buying time a valid measure of success? Knee Surg

Sports Traumatol Arthrosc. 2016;24(5):1424-1426.

40. Spang JT, Dang ABC, Mazzocca A, et al. The effect of medial menis-

cectomy and meniscal allograft transplantation on knee and anterior

cruciate ligament biomechanics. Arthroscopy. 2010;26(2):192-201.

41. Van Der Straeten C, Byttebier P, Eeckhoudt A, Victor J. Meniscal

allograft transplantation does not prevent or delay progression of

knee osteoarthritis. PLoS One. 2016;11(5):e0156183.

42. Van Thiel GS, Verma N, Yanke A, Basu S, Farr J, Cole B. Meniscal

allograft size can be predicted by height, weight, and gender. Arthros-

copy. 2009;25(7):722-727.

43. Verdonk PCM, Demurie A, Almqvist KF, Veys EM, Verbruggen G,

Verdonk R. Transplantation of viable meniscal allograft: survivorship

analysis and clinical outcome of one hundred cases. J Bone Joint

Surg Am. 2005;87(4):715-724.

44. Verdonk R, Van Daele P, Claus B, et al. Viable meniscus transplanta-

tion [in German]. Orthopade. 1994;23(2):153-159.

45. Waterman BR, Rensing N, Cameron KL, Owens BD, Pallis M. Survi-

vorship of meniscal allograft transplantation in an athletic patient

population. Am J Sports Med. 2016;44(5):1237-1242.

46. Werner BC, Chang B, Nguyen JT, Dines DM, Gulotta LV. What change

in American Shoulder and Elbow Surgeons score represents a clini-

cally important change after shoulder arthroplasty? Clin Orthop Relat

Res. 2016;474(12):2672-2681.

47. Wyrwich KW, Bullinger M, Aaronson N, Hays RD, Patrick DL,

Symonds T. Estimating clinically significant differences in quality of

life outcomes. Qual Life Res. 2005;14(2):285-295.

48. Zaffagnini S, Grassi A, Marcheggiani Muccioli GM, et al. Survivorship

and clinical outcomes of 147 consecutive isolated or combined

arthroscopic bone plug free meniscal allograft transplantation. Knee

Surg Sports Traumatol Arthrosc. 2016;24(5):1432-1439.

The Orthopaedic Journal of Sports Medicine MCID and PASS of MAT 9



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


