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Abstract

Background. Osteochondral allograft (OCA) transplantation is an increasingly common treatment for patients with
symptomatic focal chondral lesions of the knee. There has been increasing interest in determining predictive factors
to maximize patient benefit after this operation. The aim of the present study is to evaluate the predictive association
of the physical component (PCS) and mental component (MCS) scores of the Short Form 36 (SF-36) questionnaire for
achievement of the minimal clinically important difference (MCID) after OCA transplantation. Methods. This retrospective
study of a longitudinally maintained institutional registry included 91 patients who had undergone OCA transplantation for
symptomatic focal osteochondral lesions of the femoral condyle. Included patients were those with complete preoperative
questionnaires for the SF-36 and IKDC and completed postoperative IKDC at 2-year follow-up. Multivariate analysis was
performed evaluating predictive association of the preoperative MCS and PCS with achievement of the MCID for the
IKDC questionnaire. Results. Logistic multivariate modeling demonstrated a statistically significant association between
lower preoperative PCS and achievement of the MCID (P = 0.022). A defect diameter >2 cm was also associated with
achievement of MCID (P = 0.049). Preoperative MCS did not demonstrate a significant association (P = 0.09) with
achievement of the MCID. Conclusions. For this cohort of 91 patients, the preoperative SF-36 PCS and lesion size were
predictive of achievement of the MCID at 2-year follow-up after femoral OCA transplantation. These findings support an
important role of baseline physical health scores for predicting which patients will obtain a meaningful clinical benefit from
this surgery.
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of the MCID.? One potentially important factor is preopera-
tive Short Form-36 (SF-36) score. The SF-36 questionnaire
was developed as a marker for patient general health.%” This
questionnaire has been validated for a number of orthopedic
conditions and surgeries.” Notably, based on the 8 categories
of patient experience, separate component scores related to
mental health (mental health component score or MCS) and
physical health (physical health component score or PCS)
may be calculated from SF-36 questionnaires to allow more
specific evaluation of a patient’s condition.’

Introduction

Osteochondral allograft (OCA) transplantation is an
increasingly common treatment for patients with symptom-
atic osteochondral lesion of the knee articular surface. Short
and midterm outcomes for this procedure demonstrate
promising results with regard to pain relief, patient-reported
outcomes (PROs), and return to sport."? The minimally
clinically important difference (MCID) for this procedure
has been calculated for several PROs,>* thereby providing a
foundation for further investigations into predictive factors

for outcomes following this procedure.

The patient-specific factors that predict improvement
after OCA surgery remains a subject of ongoing study.’*
Previous investigations have evaluated the potential role of a
number of patient-specific factors in predicting achievement

'Hospital for Special Surgery, New York, NY, USA

Corresponding Author:

Kwadwo A. Owusu-Akyaw, Hospital for Special Surgery, 535 E 70th St,
New York, NY 10021, USA.

Email: kowusuakyaw@gmail.com


https://us.sagepub.com/en-us/journals-permissions
https://journals.sagepub.com/home/CAR
mailto:kowusuakyaw@gmail.com

854S

CARTILAGE 13(Suppl 1)

With regard to the SF-36 component scores, it has been
previously determined that the MCS does not adequately
predict outcomes after OCAS; however, given the overlap
between the categories weighed in the MCS and PCS, it
would seem to be important to evaluate the effect of both of
these components on achievement of clinical outcomes.
Therefore, the purpose of the present study is to determine
if the MCS or PCS are independent predictive variables for
achievement of the MCID for the International Knee
Documentation Committee questionnaire (IKDC) after
OCA for femoral condyle lesions. We hypothesized that the
MCS and PCS would be predictive of achievement of the
MCID for the IKDC.

Materials and Methods
Study Design

A retrospective query of a prospectively collected institu-
tional registry was performed for patients undergoing OCA
from 1999 to 2017. The institutional registry is approved by
an institutional review board (IRB 2013-024). Informed
consent was obtained for all patients included in the

registry.

Participants

Inclusion criteria for this study were (1) symptomatic full-
thickness lesion of the femoral cartilage (Outerbridge grade
IV), (2) treatment with fresh OCA, (3) completion of a base-
line SF-36 questionnaire, and (4) completion of the IKDC
questionnaire preoperatively and at 2-year follow-up. Patients
who underwent concomitant anterior cruciate ligament
(ACL) reconstruction were included in the analysis.
Exclusion criteria were individuals with incomplete pre- or
postoperative data, treatment of tibial or patellar chondral
lesions with osteochondral graft, concurrent realignment sur-
gery (i.e., osteotomy), or treatment with a cartilage restoration
procedure aside from OCA (e.g., particulated juvenile carti-
lage, autologous chondrocyte implantation, microfracture).

Study Population Selection and Data Collection

Of the total 2255 patients included in the registry, a total of
141 individuals were identified having undergone allograft
transplantation for treatment of femoral osteochondral
lesions with 2-year follow-up PROs. Of that sample, 91
patients were identified who had completed the preopera-
tive SF-36 and IKDC and 2-year postoperative IKDC (see
Fig. 1).

In addition to baseline SF-36 and IKDC questionnaire
scores, baseline demographic data including age, sex, and
body mass index were collected. Additionally, the number
and type of previous ipsilateral knee surgical procedures
was collected.

Indications and Surgical Technique

OCA was selected as the treatment option for patients based
on clinical judgement with regard to defect size and depth,
location, and patient functional goals. Generally, OCA was
selected for treatment of osteochondral lesions with diame-
ter greater than 2 cm.

All surgical procedures were performed by fellowship-
trained orthopedic surgeons at a single institution with
extensive experience in cartilage restoration procedures.
Following examination under anesthesia, an initial diagnos-
tic arthroscopy was performed to confirm the size and loca-
tion of the chondral lesion and address co-existing pathology
as indicated (i.e., chondroplasty, meniscal surgery, or ACL
reconstruction). After completion of the arthroscopic por-
tion of the procedure, either a medial or lateral parapatellar
arthrotomy was performed to allow optimal visualization of
the lesion. The defect was then debrided to stable cartilage
margins.

Fresh OCA implantation was then performed in accor-
dance with the previously described dowel technique.’
Fresh, cold-stored OCAs were obtained from commercially
available sources. All donor tissue was screened and pro-
cessed according to the standards of the American
Association of Tissue Banks. Grafts were implanted on
average 28.15 days after harvest.

Once the chondral defect was adequately visualized, the
lesion was sized and reamed to a bed of healthy bone. A
dowel of identical size was then harvested from the donor
condyle. Lesion depth was carefully measured and matched
to the donor tissue. The harvested grafts were then impacted
into the lesion site, maintaining press-fit fixation.

With regard to postoperative rehabilitation protocol,
patients remained touchdown or non—weight bearing for 1
to 2 weeks after surgery, with gradual progression to full
weight-bearing between weeks 4 and 6. Full range of
motion was permitted immediately and encouraged. Brace
wear was discontinued at 3 to 6 weeks based on restoration
of adequate quadriceps function. A supervised physical
therapy protocol was undertaken in all cases to aid in the
restoration of normal gait, muscle strength, endurance, bal-
ance, and proprioception. Timeline to return to participation
in desired activities was determined on an individual basis
based on the patient’s level of activity and achievement of
functional milestones as they progressed through the post-
operative rehabilitation program.

Assessment of Outcomes

General health outcomes for each patient was assessed with
the SF-36 v 1.0.° Based on the method described by Laucis
et al., the MCS and PCS were calculated based on a
weighted scoring system of the 8 domains of the SF-36
questionnaire.”
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Figure |. Diagram of patient cohort. OCA = osteochondral allograft; PRO = patient-reported outcome; IKDC = International
Knee Documentation Committee Questionnaire; SF-36 = Short Form-36.

Preoperative and 2-year follow-up scores for the IKDC
questionnaire were collected. The IKDC is a knee-specific
measure of function and symptoms that is validated for
treatment of cartilage lesions.'®!! The MCID for osteochon-
dral grafting has been previously established for the IKDC
via the anchor method.?

Statistical Analysis

Descriptive statistics were used to report baseline and post-
operative characteristics. Continuous variables included

age at the time of surgery, body mass index (BMI), preop-
erative MCS, and preoperative PCS. Binary variables
included gender, previous surgery, concomitant ACL recon-
struction, and defect diameter >2 cm.

An initial univariate test was performed for each covariate
against the primary outcome (achievement of an improvement
of 17 points on the IKDC at 2 years after surgery). Continuous
variables were evaluated using a Wilcoxon rank-sum test.
Binary variables were evaluated using a chi-squared test.

Multivariable logistic regression models were fitted to
investigate the predictors of achieving IKDC MCID by 2
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Table |. Sensitivity Analysis Comparing Baseline Demographics between Cohorts with Complete and Missing Data.

Demographics Complete Data (91) Missing Data (50) P Value
Age 42.57 (12.96) 39 (12.16) 0.11
Gender Male 57 (62.64%) Male 38 (76%) 0.13
BMI 25.88 (3.91) 25.54 (4.17) 0.38
Previous surgery Yes 60 (68.18) Yes 33 (70.21%) 0.85
Concomitant ACL Yes 10 (11.36) Yes 4 (8.7%) 0.77
Defect diameter <2cm (29, 31.87%) <2 cm (13, 26%) 0.56
Preoperative MCS 50.07 (9.39) 49.31 (9.25) 0.43
Preoperative PCS 44.10 (8.53) 43.49 (9.46) 0.8l

BMI = body mass index; ACL = anterior cruciate ligament; MCS = mental health component score; PCS = physical health component score.

Table 2. Univariate Analysis.

Variable Odds Ratio (95% Cl) P Value
Age 0.98 (0.94-1.01) 0.14
Female vs. male 0.64 (0.26-1.56) 0.33
BMI 1.04 (0.93-1.164) 0.48
Previous surgery 0.81 (0.32-2.06) 0.66
ACL 0.60 (0.16-2.27) 0.45
Defect size 2.52 (1.02-6.24) 0.04
Preoperative MCS 1.01 (0.97-1.06) 0.63
Preoperative PCS 0.96 (0.91-1.01) 0.12

Cl = confidence interval; BMI = body mass index; ACL = anterior cruciate ligament; MCS = mental health component score; PCS = physical health

component score.

years after OCA transplantation (improvement of 17
points).> All preoperative covariates were included in the
initial model. Variables that fell out of the model due to lack
of significance are not presented in the tables. Statistically
significant association with the primary outcome was
defined as P < 0.05 in the multivariate model. All analyses
were performed using SAS Software version 9.4 (SAS
Institute, Cary, NC).

Results

Patient Demographics and Characteristics

Of the initial cohort of 141 patients, 50 patients were
excluded for incomplete baseline (SF-36, IKDC) or 2-year
postoperative (IKDC) questionnaires. Mean follow-up was
26.13 months (range 23.54-32.38). The mean age for the
final cohort of 91 patients was 42.6 years (standard devia-
tion [SD] 12.96). With regard to gender, the cohort was
63% (n = 57) male. The mean BMI was 25.9 (SD 3.91). A
total of 68.2% (n = 62) of patients had undergone previous
surgery; 11.4% (n = 10) of the patients had concomitant
ACL reconstruction; and 68.1% (rn = 61) of patients had a
defect diameter greater than or equal to 2 cm. Preoperative
MCS was 50.07 (SD 9.39), while preoperative PCS was
44.10 (SD 8.53). A sensitivity analysis conducted to detect

differences between the cohorts with complete and incom-
plete 2-year follow-up demonstrated no significant differ-
ence in any of the above variables (Table 1).

The mean preoperative IKDC score was 47.8 (SD 15.79,
range 13.8-81.6) in the final cohort. No ceiling or floor
effect was detected for the IKDC in this cohort (defined as
=15% of the study population in the top or bottom 5%). At
2 years after surgery the mean IKDC score was 70.3 (SD
19.91). The average change in IKDC over this 2-year period
was 24.6 (SD 16.53). Using the previously published IKDC
MCID of 17,> 60% of the cohort met MCID.

Logistic multivariate modeling demonstrated a statisti-
cally significant association between lower preoperative
PCS and achievement of the MCID (P = 0.022). A defect
diameter >2 cm was also associated with achievement of
MCID (P = 0.049). There was a trend toward a negative
association with age (P = 0.07), and a positive association
between preoperative MCS (P = 0.09) and achievement of
the MCID that did not achieve the threshold for statistical
significance. The complete findings of the univariate and
multivariate analysis are detailed in Tables 2 and 3.

Discussion

The present study demonstrated that lower preoperative
PCS and defect size >2 cm are positive predictors for
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Table 3. Multivariate Analysis.

Variable Odds Ratio (95% ClI) P Value
Age 0.97 (0.93-1.00) 0.07
Size 2.64 (1.00-6.97) 0.0492
Preoperative MCS 1.06 (0.99-1.13) 0.09
Preoperative PCS 0.92 (0.85-0.99) 0.02

Cl = confidence interval; MCS = mental health component score; PCS = physical health component score.

achievement of the MCID for this cohort of patients under-
going femoral OCA transplantation. Notably, the preopera-
tive MCS was not a statistically significant predictor for
patient outcome. In setting of increasing frequency of OCA
transplantation, these findings have important implications
with regard to the role of patient perception of preoperative
physical and mental health.

There has been increasing focus on the role of a patient’s
perception of baseline health as it relates to outcomes after
orthopedic procedures.'?!> This is of particular interest in
the field of sports medicine, given the tendency for higher
functional expectations in this patient population. To this
end, the preoperative physical and mental component sum-
maries of the SF-36 offer valuable insights into a patient’s
baseline perception of mental and physical health. Although
several investigations have evaluated the predictive role of
baseline patient factors in cartilage restoration surgery,>%?!
there are little data evaluating the role of both SF-36 com-
posite scores in this setting. As such, our study is unique in
the inclusion of both the PCS and MCS in our predictive
model.

We believe that a compelling finding of our investigation
is the negative predictive association of the PCS for achieve-
ment of the MCID. This observation suggests that patients
with a higher level of preoperative physical fitness may
have less opportunity to achieve a clinically meaningful
degree of improvement after surgery. Similar observations
in patients with higher baseline PROs have previously been
reported throughout the orthopedic literature.'®!° In con-
gruence with our findings, Wang et al. demonstrated that
patients with higher baseline IKDC and Knee Outcome
Survey-Activities of Daily Living (KOS-ADL) were less
likely to achieve the MCID for OCA and autograft trans-
plantation.’ These findings may assist clinicians in preop-
erative discussions with patients who are considering
cartilage restoration with OCA transplantation.

For the present study, preoperative MCS did not have a
significant association with achievement of the MCID (P =
0.09). The lack of statistical significance may be a function
of the relatively small sample size in the present study;
however, previous investigators have demonstrated similar
findings. Specifically, Ackermann et al.® found that the
MCS had no predictive association with PRO measures in a
sample of 67 patients undergoing OCA transplantation.

While the Ackermann study did not specifically evaluate
achievement of the MCID, their findings and our own call
into question the ability of preoperative MCS to predict out-
comes for this surgery. It should be noted that MCS is not a
perfect proxy for mental health. In fact, previous investiga-
tions have questioned the relationship between the MCS
and formal evaluation of mental health.?’ As such, prospec-
tive investigation with a larger cohort and more rigorous
evaluation of baseline mental health is merited as it relates
to management of cartilage lesions in active patients.

The relationship between defect size and cartilage resto-
ration treatment outcomes remains controversial. This is
particularly true for smaller lesions, for which treatment
options such as microfracture and OATS may be recom-
mended.?"??> Nevertheless, OCA transplantation remains a
well-established option for lesions of all sizes and should be
considered on a case by case basis depending on patient
profile.>?* For this study cohort, patients with lesion size
>2 ¢m were more likely to obtain the MCID (P = 0.049) at
2-year follow-up. These findings may be the result of
patients with larger, more symptomatic lesions having more
room to benefit from surgery. These findings are controver-
sial with regard to the existing literature. Previously, Tirico
et al.? noted that there was no size-based difference in sur-
vivorship or PROs at 5 and 10 years postoperation in their
cohort of 156 knees. Notably, the authors did note a larger
change in IKDC from baseline to final follow-up for larger
allografts. This specific finding may explain the contrasting
findings in our own study.

Our findings did not demonstrate a statistically signifi-
cant relationship between age at the time of surgery and
achievement of the MCID (P = 0.07). Previous investiga-
tors have noted a relationship between age at the time of
surgery and outcomes of cartilage restoration surgery.>2%-3
Specific to OCA transplantation, Frank ef al. reported con-
flicting data compared to the present study.’ In a cohort of
170 patients, the authors found that patients younger than
40 years old demonstrated a lower mean KOOS (Knee
Injury and Osteoarthritis Outcome Score) score than
patients older than 40. Frank et al. suggest that this observa-
tion may indicate a higher level of functional expectation
for younger patients undergoing this procedure. Differences
in study methodology may explain the different result
shown in our study. Notably, our primary outcome was
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achievement of the MCID, which speaks to the clinical ben-
efit observed by the patient after surgery. Further study into
the relationship between age and OCA transplantation out-
come is merited given these conflicting findings.

Limitations

There are several limitations that should be considered in
interpretation of these results. The sample size for the cohort
is relatively small and was further limited by incomplete
preoperative and postoperative PRO questionnaires, which
may introduce an element of selection bias. For this reason,
we performed a sensitivity analysis comparing the baseline
characteristics of those patients missing postoperative data
with our study group, demonstrating no significant differ-
ence (see Table 1). As such, we are relatively confident that
our findings would remain unchanged if data for all 141
patients were available, although the effect of patient satis-
faction on their desire to follow-up is a potential source of
bias. We also acknowledge that these results are limited by
the short-term follow-up for the included patients. Further
study with larger cohort sizes and longer follow-up is mer-
ited to further explore the relationships suggested by our
findings.

Caution should be taken prior to generalizing these
results to all patients undergoing cartilage restoration.
While physical component summary score proved a sig-
nificant predictor of surgical outcome for this cohort,
other factors may play a role for different patient popula-
tions. The findings of the present investigation are valu-
able in that they establish SF-36 component scores as
important factors to consider in predictive modeling for
cartilage restoration surgery outcomes. There is increasing
interest in the application of predictive modeling tech-
niques to large registry databases in orthopedics. This
interest has expanded to include the utilization of advanced
statistical techniques, such as machine learning.>!* As
these modalities continue to increase in popularity, it will
be important to establish the key baseline/preoperative
variables to include in predictive modeling. The present
study establishes the PCS of the SF-36 as one such vari-
able and suggest that further detailed investigation of the
role of preoperative mental health on outcomes after OCA
transplantation is merited.

Conclusion

For this cohort of 91 patients, the preoperative SF-36 PCS
and lesion size were predictive of achievement of the MCID
at 2-year follow-up after femoral OCA transplantation.
These findings support an important role of baseline physi-
cal health scores for predicting which patients will obtain a
meaningful clinical benefit from this surgery.
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