
Original Research

Relationship Between Activity Level and Knee
Function Is Influenced by Negative Affect in
Patients Undergoing Cell Therapy for
Articular Cartilage Defects in the Knee

Timothy Hopkins,*†‡ PhD, Sally Roberts,†‡ PhD, James Bruce Richardson,§ FRCS, MBChB, MD,
Pete Gallacher,‡ FRCS, MBChB(Hons), Andrea Bailey,‡ PhD, and Jan Herman Kuiper,†‡ MSc, PhD

Investigation performed at Keele University, Robert Jones and Agnes Hunt Orthopaedic Hospital,
Shropshire, UK

Background: Increased activity level is generally reported to be positively related to improved knee function after knee surgery.
However, little research has been conducted into this relationship on an individual patient basis, or the influence of demographic
and psychosocial factors such as patient affect—the subjective experience of emotion.

Hypothesis: The relationship between postoperative activity level and knee function will vary between patients and will be
influenced by the patients’ affect and demographic characteristics.

Study Design: Cohort study; Level of evidence, 3.

Methods: Activity, knee function, demographic, and affect data were collected from patients enrolled in an ongoing trial for the
treatment of articular cartilage lesions at preoperative and 2-, 12-, and 15-month postoperative points. Quantile mixed regression
modeling was used to determine the patient-to-patient variation in activity level and knee function. Multiple linear regression and
partial correlation analyses were performed to determine whether demographic characteristics and patient affect were associated
with this variation.

Results: A total of 62 patients were included in the study (23 female; 39 male; mean age, 38.3 ± 9.5 years). We found substantial
variation between patients in the relationship between activity level and knee function, with most patients (n ¼ 56) demonstrating a
positive relation (positive slope), but 6 patients demonstrating a negative relation (negative slope). A negative affect (NA) score was
significantly correlated with the slope between activity level and knee function (rS¼ –0.30; P¼ .018) and was a significant individual
predictor of knee function at 15 months postoperatively (coefficient ¼ –3.5; P ¼ .025).

Conclusion: Our results suggest that the relationship between activity level and knee function varies between patients. The
patients with a higher NA score were likely to report smaller improvements in knee function with increasing activity levels compared
with those with a lower NA score.
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Lesions of the articular cartilage (AC) are common in the
human knee and can cause pain, swelling, functional impair-
ment, and a reduction in quality of life.53,58 AC has a rela-
tively poor capacity for self-repair, and untreated lesions can
predispose the joint to further cartilage loss and to the early
onset of osteoarthritis.17,22,23,32 Several surgical techniques
have been developed to treat AC lesions, ranging from pal-
liative approaches to cell-based interventions (eg, autologous
chondrocyte implantation), each with its specific indications
regarding defect size, depth, and location.5,34

Regardless of the technique employed, several factors are
believed to contribute to the success or failure of cartilage
repair surgery. Preoperative demographic and clinical
characteristics, such as patient age, the number of defects,
defect size and location, symptom duration, and number of
previous surgeries, have all been suggested as prognostic or
predictive of the outcomes of cartilage repair sur-
gery.11,13,53 Several studies have suggested that postoper-
ative activity levels also contribute to the outcome of
cartilage repair surgery, reporting that patients who are
more active in the postoperative period are more likely to
demonstrate clinical success.26,27,29 Although these studies
report a general trend for a positive relationship between
postoperative activity level and clinical outcome across
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their patient cohorts, there is little investigation into this
relationship for individual patients or the degree of varia-
tion between patients.

The idea of patient-to-patient variation in this associa-
tion was originally highlighted by Tegner and Lysholm49 in
their 1985 publication, in which the authors introduced an
activity scale—the Tegner scale—to complement the knee
function score. They reported that although there was a
generally positive relationship between the 2 scores, almost
20% of patients with a low activity level had a high func-
tional score, suggesting that limitations in knee function
may be masked by a low activity level.49 In a later publica-
tion, they further stressed that the functional score
(Lysholm score) should be regarded in relation to the activ-
ity level (Tegner scale).50 In this way, patients who have
reached a desired high activity level and have a high
Lysholm score probably have better function than patients
with a high Lysholm score who have a low activity level.50

Further, anecdotal reports from patients attending postop-
erative appointments in our institution suggested even
more variation between patients in this relationship, with
some patients reporting a low Lysholm knee score precisely
because they had been more active. Conversely, less active
patients may report a higher functional score because they
demand less from their recovering knee. Thus, a low func-
tional score can be masked by a low activity level. These
observations highlight the importance of taking individual
activity levels into account for an accurate assessment of
knee function.

Psychosocial factors are also reported to influence the
functional outcomes of knee surgery, in addition to influ-
encing activity level.7,8,20,36,37 Although these reports have
largely focused on rehabilitation outcomes after anterior
cruciate ligament reconstruction, we suspected that the
same factors could play a role in influencing outcomes after
cell-based AC repair surgery. Psychological constructs,
such as the fear of reinjury, pain-catastrophizing, and
self-efficacy, are but a few that have been shown to influ-
ence postoperative activity level, return to sport, functional
outcome, and pain after ligament reconstruction sur-
gery7,8,18,20,51,55 or surgery for other orthopaedic conditions.
To our knowledge, only Ebert et al14 have reported on the
influence of such constructs on the outcome of orthopaedic
cell therapies. Those authors reported that preoperative
mental health-related quality of life, determined using the
36–Item Short Form Health Survey, correlated with the
Sport and Recreational Activities component of the Knee
injury and Osteoarthritis Outcome Score at 5 years after
matrix-assisted autologous chondrocyte implantation.14

We hypothesize that the relationship between activity
level and knee function will vary on an individual patient
basis and will be influenced by patient attributes, such as
demographics and affect. The first objective of the present
study was to investigate the patient-to-patient variation in
the relationship between activity level and knee function in
the short- to mid-term period after cell therapy for AC
repair. As affect—the subjective experience of emotion—is
a commonly used parameter for assessing the psyche, our
second objective was to investigate the influence of negative
affect (NA)—the extent to which a person feels subjective
distress and unpleasurable engagement—and positive
affect (PA)—the extent to which a person feels enthusiastic,
active, and alert—57, as well as demographic factors, on this
variation.

METHODS

Patients, Surgical Procedures, and Rehabilitation

This study comprised 62 patients who had been referred to
our institution with symptomatic chondral or osteochon-
dral defects in the knee and had completed a 15-month
follow-up assessment after receiving cell therapy treatment
as part of an ethically approved clinical trial. This trial
included patients aged between 18 and 80 years who had
symptomatic knee AC defects <20 cm2 in area, extending
down to or into the subchondral bone (International Carti-
lage Repair Society grade 3 or 4), suitable for treatment by
autologous cell implantation. Defects were assessed ini-
tially via cartilage-specific magnetic resonance imaging
sequences and in consultation with an independent radiol-
ogist with extensive expertise in musculoskeletal imaging.

The clinical trial aimed to compare 3 treatments: (1)
traditional autologous chondrocyte implantation (second
generation); (2) implantation of autologous bone marrow-
derived stromal cells; and (3) implantation of a 1 to 1
combination of the 2 cell types.43 Patients were randomly
allocated to 1 of the 3 treatments, and all underwent a 2-
stage surgical procedure. In the first stage, the required
cells were harvested: chondrocytes were isolated from an
arthroscopically collected cartilage biopsy, and bone mar-
row-derived stromal cells were isolated from bone marrow
aspirate collected from the iliac crest. Both cell types were
separately expanded in monolayer culture before being
implanted into the defect beneath a commercially available
porcine collagen membrane (Chondro-Gide; Geistlich).
Patients in the study might have previously undergone a
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reparative procedure (eg, debridement or microfracture) to
which they had an inadequate response.43

All patients were enrolled in the OsCell Rehabilitation
Program1 after cell implantation. The program was specif-
ically developed for the rehabilitation of patients after
autologous cell implantation and consists of 5 successive
phases, each with different goals depending on the time
since surgery. The program comprised exercises that were
aimed at progressively increasing range of motion, weight-
bearing, and strength as the time since cell implantation
increases.1 All patients were under the supervision of a
physical therapist for at least 12 months postoperatively.
The frequency of treatment sessions during this period was
dictated by individual needs; however, patients were
encouraged to adhere to exercises independently alongside
formal one-to-one sessions.

Data Sources and Measurement

Baseline assessments were performed on the day of admis-
sion for surgery. At this time, demographic information
(age, sex, body mass index [BMI], affected knee, and history
of smoking) was collected, along with the modified Lysholm
Knee Scale, ranging from 0 to 100 points, with higher scores
indicating better function48; the International Positive and
Negative Affect Schedule–Short Form (I-PANAS–SF)52,57;
and the Human Activity Profile (HAP).2 The I-PANAS–SF
consists of 10 items, 5 of which assess NA (upset, hostile,
ashamed, nervous, and afraid) and 5 of which assess PA
(alert, inspired, determined, attentive, and active), and par-
ticipants are asked to indicate the extent to which they
generally feel each of the emotions listed on a 5-point scale.
The HAP is a 95-item self-reported measure of energy
expenditure. The same 3 scores were collected at the 2-,
12-, and 15-month time points after cell implantation.

The completed HAP scoresheets were used to calculate
an adjusted activity score (AAS), ranging from 0 to 94
points, with higher scores indicating greater activity
level,10 for each patient at each of the 4 time points. The
completed I-PANAS–SF scoresheets were used to calculate
a separate value for NA and PA, both ranging from 5 to 25
points, with higher scores indicating stronger affect, for
each patient at each of the 4 time points. Rather than a
specific mood, affect reflects a person’s general disposition
and is considered stable over time.57 However, the temporal
stability of the I-PANAS–SF has only previously been
investigated over 8 weeks,52 not over a period as long as
15 months as in our study, and certainly not including a
major medical intervention.52 We, therefore, investigated
longer-term temporal stability as part of the present study.

Statistical Analyses

Nonparametric tests and robust analyses were used
throughout because the AAS and PA data and the values
for the individual patient slopes between the AAS and
Lysholm scores were nonnormally distributed according
to quantile-quantile plots. Descriptive statistics (medians
and interquartile ranges) were used to assess general
trends in the Lysholm, AAS, PA, and NA data. A mixed

effects model and Wilcoxon signed-rank tests were used
to assess differences in consecutive scores, as well as
differences between the baseline and end point
(15-month) scores.

The temporal stability of PA and NA over the course of
the study was assessed separately using mixed modeling,
intrarater reliability, and Bland-Altman analysis. Intrara-
ter reliability was determined as the intraclass correlation
coefficient (ICC) for an agreement based on a 2-way analy-
sis of variance model of the 4 time points.33 Bland-Altman
plots were created by plotting the means of the paired base-
line and 15-month scores ([15-month score þ baseline
score]/2) against the differences between the 2 scores (15-
month score – baseline score) for NA and PA separately. A
value for the mean difference (estimated bias) between the
scores at these 2 time points, as well as values for the upper
(mean þ 1.96 SDdiff) and lower (mean – 1.96 SDdiff) limits of
agreement, were determined from the plots, where SDdiff is
the standard deviation of the difference. The limits of
agreement on the Bland-Altman plots coincided with the
Reliable Change Index (RCI), an index that is commonly
used to find whether patients have undergone a clinically
meaningful change12 but is also used to demonstrate tem-
poral stability by a lack of change.15,56 As a result of these
analyses, the mean NA and PA for each patient across the 4
time points was used in the subsequent analyses, rather
than concurrent NA and PA scores.

AAS values were centered by group-mean centering,
subtracting the overall mean AAS value (65 points) from
the individual AAS data points to reduce the correlation
between the (random) slopes and intercepts of the vari-
ables, thus improving convergence and facilitating inter-
pretation of the results.38 A linear-quantile mixed
regression analysis was then performed using the
Lysholm score as the dependent variable and the centered
AAS as the independent variable to model the patient-
level relationships between activity level and knee func-
tion. Quantile regression models make no assumption
about the distribution of the outcome.19 The resulting
patient-specific slopes were determined and used as sum-
mary measures for the relationship between the Lysholm
and AAS scores.

The data from the 2-month time point were excluded
from subsequent analyses because of the presence of addi-
tional confounding variables at this stage compared with
the later time points. In particular, at 2 months postoper-
atively, the rehabilitation protocol was still very restric-
tive (weightbearing up to 50% of body weight),1 which
would have influenced the correlation between function
and activity.

Correlation Analyses. Nonparametric correlation analy-
ses (Spearman rank correlation coefficient; rS) were used to
assess the association between the patient-specific slopes
from the robust linear multilevel model and the mean NA
and PA for each patient. Subsequent multiple linear regres-
sion and partial correlation analyses were performed to
determine whether demographic factors (age, sex, BMI,
and smoking status) influenced the slopes, in addition to
psychosocial factors (NA and PA). Finally, multiple linear
regression and partial correlation analyses were performed
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to identify demographic and psychosocial factors that may
influence the 15-month postoperative outcomes (Lysholm
and AAS) individually. Baseline values for each of the out-
come scores were included as covariates for these analyses.

All data analyses were performed using R Version 3.6.1
(R Foundation for Statistical Computing) and the packages
nlme, ppcor, and lqmm.19,25,28,41 The threshold for statisti-
cal significance was set at P < .05.

Sample Size Analysis. Before testing the primary
hypothesis that the relationship between activity level and
knee function varies between patients, the required sample
size was calculated using Monte-Carlo simulations of a
mixed-effect model (using R, V 3.3.3 and simr package)
based on relevant pilot data from an initial study of the first
28 patients who attended their 15-month follow-up
appointment.21,42 Data in the pilot study were collected at
3 time points (baseline and 12-month and 15-month follow-
ups), and we aimed for at least a power of 80% at a 2-sided P
value of .05. To address the secondary objective, identifying
predictors of the slope, a sample size was determined to
detect a significant correlation at the 2-sided P ¼ .05 level
with an 80% power if the variable explains at least 15% of
the variation in the relationship between activity level and
knee function (r2 ¼ 0.15; r ¼ 0.39) using 16,42 G*Power (V
3.1.9.2; Heinrich Heine University of Düsseldorf, Ger-
many). According to these analyses, a sample size of 20
patients would give a 92% power to detect a significant
variation in slopes between activity and function. Deter-
mining predictors of the slope required a sample size of
50 patients. To determine the limits of agreement (d –
1.96 SD and d þ 1.96 SD), with a precision of ±0.5 SD, a
sample size of 51 patients was required. Based on this anal-
ysis, we decided to include the first 62 patients recruited
into the clinical trial.

RESULTS

Participant Characteristics and Outcome Scores

The 62 patients in our study had a mean age of 38.3 years,
and the majority (n ¼ 39/62) were men (Table 1). The
Lysholm score in the patient cohort increased significantly
from baseline to 15 months postoperatively (median
increase, 22.9 [95% CI, 16.7-31.2]; P< .001) (Table 2). There
was a significant increase in the Lysholm score between the
2- and 12-month follow-ups (median change, 20.8 [95% CI,
14.6-25]; P < .001), but no significant differences were
found between any other consecutive time points. The AAS
increased significantly from baseline to 15 months postop-
eratively (median change, 8 [95% CI, 4.5-13]; P < .001).
There was a significant drop in the AAS from baseline to
2 months (median drop, 7.5 [95% CI, 2.5-11.5]; P < .001),
followed by an increase between 2- and 12-month follow-
ups (median increase, 17 [95% CI, 13.5-31.5]; P < .001), but
there was no evidence for a change in the final period. The
median scores for both NA and PA across the patient cohort
demonstrated only minor fluctuations over the course of the
study, and there were no statistically significant

differences in either construct between any consecutive
time points.

I-PANAS-SF Temporal Stability Analyses

The changes in the NA and PA scores over time were nor-
mally distributed and thus suitable for the Bland-Altman
approach. The Bland-Altman analysis demonstrated a good
agreement between the baseline and 15-month NA and PA
scores (mean difference, 0.51 and -0.28, respectively) (Table
3). The Bland-Altman plots showed a good spread of points
above and below zero, suggesting no clear relationship
between the difference and the mean value. Because the
mean differences between the 2 time points were so small,
the upper and lower limits of agreement effectively served
as the thresholds (RCI) to detect a clinically meaningful
change. Based on these thresholds, 3 patients had a clini-
cally meaningful increase and 1 had a clinically meaningful
decrease in the NA score. One patient and 3 patients had a
clinically relevant increase and decrease in the PA score,
respectively (Table 3). Intrarater reliability analysis also
demonstrated a good agreement between the NA and PA
scores at the 4 time points.

Variation in Lysholm-Activity Slope
Between Patients

We fitted 3 separate quantile mixed models, 1 with a ran-
dom intercept, 1 with a random slope, and 1 with a random
intercept and slope. Based on the Akaike information cri-
terion, the model with random slope fitted the data best
(Akaike information criterion, 1444.7, 1438.4, and 1354.9
for a model with random intercept, random slope, and ran-
dom intercept þ slope, respectively; P <.001) using the
likelihood-ratio test comparing the model with random
intercept þ slope versus random intercept or random slope.
The median (fixed effects) slope between the AAS and
Lysholm scores was positive (0.97 [95% CI, 0.79-1.14]; P <
.001), indicating that the median relationship between
activity level and knee function was positive across the
patient cohort. However, the interpretation of the individ-
ual patient slopes suggested that there was substantial

TABLE 1
Baseline Demographic Parametersa

Parameter Value

Age, y 38.3 ± 9.5
Sex

Female 23
Male 39

BMI, kg/m2 29.1 ± 5.1
Smoker

Never 47
Past 11
Current 4

aValues are reported as mean ± SD or frequency. BMI, body
mass index.
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variation in this relationship between patients, with 6
patients even demonstrating a negative slope (Figure 1).

Factors Influencing Variation Between Patients

The individual patient slopes that resulted from quantile
mixed modeling were significantly correlated with the
patient’s mean NA (rS ¼ –0.30 [95% CI, –0.51 to –0.05];
P ¼ .018), but not with the mean PA (rS ¼ 0.04 [95% CI,
–0.21 to 0.29]; P¼ 0.74) (Figure 2). When taking into a level
and knee function demographic factors (age, sex, and BMI),
a larger mean NA was still correlated negatively with indi-
vidual patient slope, judging by a partial correlation coeffi-
cient almost identical to its correlation coefficient (partial
rS ¼ –0.28 [95% CI, –0.50 to –0.01]; P ¼ .056). The partial
correlation coefficient of the mean PA was near zero (par-
tial rS ¼ –0.01 [95% CI, –0.28 to 0.25]; P ¼ .92).

Predictors of Postoperative Outcomes

Multiple linear quantile regression analyses revealed that
the best individual predictors of the 15-month Lysholm
score were mean NA and male sex (Table 4). The best pre-
dictors of the 15-month AAS were baseline AAS and male
sex (Table 4).

DISCUSSION

We were able to demonstrate that there was an overall
positive relationship between activity level and knee

function across the patient cohort. Over the period assessed
(from preoperatively to 15 months postoperatively), a
higher patient-reported activity level (AAS) correlated with
higher patient-reported knee function (Lysholm score). An
overall positive relationship between activity level and
knee function was expected in this study and is supported
by previous reports in the literature, with several publica-
tions reporting on the correlation between increased phys-
ical activity level and knee function in the postoperative
period.26,29,54

However, our results also showed that the relationship
between activity level and knee function varied substan-
tially between patients, as indicated by the variation in
slope on the individual patient plots. Indeed, 6 patients
even demonstrated a negative slope, indicating a negative
relationship between activity level and knee function in a
small number of patients. This finding highlights the
importance of individualized rehabilitation strategies, as
patients with a lower slope (ie, a less positive relationship)
between the AAS and Lysholm scores are likely to report
smaller improvements in knee function with the same
increase in activity level compared with those with a
greater slope (ie, a more positive relationship).

It would be of use to be able to identify the 10% of
patients who have a negative relationship preoperatively
to enable patient stratification for both treatment and reha-
bilitation. Thus, the second aim of the present study was to
identify and examine demographic and psychosocial factors
that could predict the magnitude of the slope between the
AAS and Lysholm scores and therefore predict the

TABLE 3
Results of I-PANAS–SF Temporal Stability Analysesa

NA PA

Bland-Altman analysis, coefficient (95% CI)
Mean difference 0.51 (–0.35 to 1.37) –0.28 (–1.09 to 0.53)
Upper limit of agreement 6.86 (5.38-8.34) 5.69 (4.30-7.09)
Lower limit of agreement –5.84 (–7.32 to –4.37) –6.25 (–7.64 to –4.86)

Reliable change index
Clinically meaningful increase in values 3 patients: 1.10, 1.10, 1.10 1 patient: 1.51
Clinically meaningful decrease in values 1 patient: 1.26 3 patients: 1.005, 1.17, 1.34

Interrater reliability, ICC (95% CI) 0.52 (0.39-0.65) 0.67 (0.56-0.77)

aICC, intraclass correlation coefficient; I-PANAS–SF, International Positive and Negative Affect Schedule–Short Form; NA, negative
affect; PA, positive affect.

TABLE 2
Outcome Scores at Baseline and 15 Monthsa

Parameter Baseline 15 Months Median Change (95% CI) P

Lysholm 45.8 (37.5-58.3) 70.8 (54.1-87.5) 22.9 (16.7-31.2) < .001
AAS 66 (56-74) 75.5 (64.8-80) 8 (4.5-13) < .001
PA 18 (16-20) 19 (17-20) 0.5 (–0.5 to 1.5) .38
NA 11 (9-12) 10 (8-12) –0.8 (–1.5 to 0.5) .21

aOutcome scores are reported as median (interquartile range). CIs and P values are based on the Wilcoxon signed-rank test; bold P values
indicate statistically significant differences from baseline to the 15-month follow-up (P < .05). AAS, adjusted activity score; NA, negative
affect; PA, positive affect.
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relationship between activity level and knee function for
individual patients.

We focused on the patients’ affect and their general dis-
position to life, which is considered to be stable over time.57

However, stability during periods spanning over a year,
during which the patient had major surgery, had not been
investigated. While not a foreseen outcome of the present
study, we were able to independently demonstrate the tem-
poral stability of both dimensions of the I-PANAS–SF (PA
and NA) over the course of the study (15 months). It has
been reported previously that the scoring system was tem-
porally stable over a period of 2 months, judged from a
significant test-retest correlation between the baseline and
2-month follow-up scores collected in a study of 143 volun-
teers (r ¼ 0.84; P < .01 for both NA and PA).52 While we
found lower ICC values than those reported by Thompson,

the cohort assessed in that study consisted of volunteers
with no reported health issues and over a shorter time.52

In contrast, the present study included a longer time frame
and the participants also had a varying degree of knee pain
and dysfunction and underwent major knee surgery during
the period over which stability was assessed. Judged by the
criteria9 commonly used to assess test-retest reliability
(fair ICC, 0.40-0.59; good ICC, 0.60-0.74), NA would be
regarded as fair and PA good, which is remarkable consid-
ering the patients’ experiences over this period.

These findings are supported by a recent study that
investigated the stability of PA and NA (measured using
the day reconstruction method, rather than the I-PANAS-
SF) in a representative sample of the German population (n
¼ 2504) and also reported a significant test-retest correla-
tion between baseline scores and a 2-year follow-up24 (NA: r

Figure 1. Plots of the individual patient plots resulting from a quantile mixed model with random intercept and slope of the data set,
excluding the 2-month follow-up. The plots represent the individual relationship between activity level and knee function (Lysholm
score) at the 3 time points assessed (baseline, 12 months, and 15 months). The median (fixed effects) slope between the AAS and
Lysholm scores was positive (0.97 [95% CI, 0.79-1.14]; P < .001). The majority (n ¼ 56) of patients demonstrated a positive slope,
but 6 patients (patients 11, 20, 30, 44, 47, and 61) demonstrated a negative slope. AAS, adjusted activity score.
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¼ 0.60; PA: r ¼ 0.44). Moreover, we also demonstrated that
the number of patients who did undergo a clinically and
statistically relevant change, as indicated by the RCI, was
no larger than one would expect by chance alone. Although
the sample size of the present study was relatively small
(n ¼ 62), the stability of the I-PANAS–SF over 15 months

that included cell implantation surgery and subsequent
rehabilitation, highlights the utility and robustness of the
construct of patient affect and the I-PANAS–SF scoring
system for use in research of surgical interventions.

The patients’ mean NA correlated negatively with the
slopes resulting from quantile mixed modeling, with a
higher mean NA being the best predictor of a lower slope,
even when accounting for demographic and clinical factors.
These results suggest that patients with a higher mean NA
score are more likely to report smaller increases or even a
decrease in perceived knee function with increasing activ-
ity level, and vice versa. Several psychosocial constructs,
including NA, have been previously reported to correlate
with knee function and activity level independently, both
in patients who had undergone surgery7,8,20,31,36,46,51,54 and
in patients who had not.40,55 To our knowledge, our study is
the first to report the influence of these constructs on the
relationship between the 2. Our findings suggest that NA
acts as a moderator for the relationship between activity
level and knee function and is therefore highly important in
the rehabilitation period, in which success is commonly
judged by an increase in activity level and knee function.
Interestingly, the mean PA was not significantly correlated
with slope by any of the analyses used in the present study.
While the published literature reports a range of findings
regarding the relationship between PA, activity level, and
knee function, our finding that NA, but not PA, has a sig-
nificant relationship with slope, does corroborate reports
that PA and NA are largely independent and uncorrelated
constructs.35,57

Finally, we sought to identify which of the demographic,
clinical, and psychosocial factors investigated in this study
could predict the individual 15-month outcome measures,
Lysholm score, and AAS. We found that mean NA and male
gender were the best individual predictors of the 15-month
Lysholm score. This finding corroborates an earlier finding
that mental health-related quality of life as measured by
the 36–Item Short Form Health Survey is predictive of clin-
ical outcomes following cell implantation.14 Crucially, how-
ever, the present study demonstrates that a specific
component of the general disposition to life (NA), and not
only mental health-related quality of life, predicts outcome,
thus complementing the earlier findings. Of the other fac-
tors assessed, we were most surprised to find that the base-
line Lysholm score, which could be taken as a proxy of
preoperative disease severity, had no predictive value for
the outcome of cartilage repair, especially as other reports
suggest that the baseline Lysholm score does influence out-
come after 1 year.13,30 Demographic factors that have pre-
viously been reported to influence the success of cartilage
repair surgery also held no predictive value for the out-
comes in this study,13,30,53 but our study involved a rela-
tively small number of patients compared with previous
studies.

The strong predictive nature of NA identified by our
study suggests that if one could improve a patient’s NA
score, one could improve the outcomes of cell therapy. Tech-
niques such as cognitive behavioral therapy (CBT) have
been employed to significantly reduce NA as a treatment
modality in mental health conditions characterized by high

Figure 2. A scatter plot to demonstrate the correlation
between individual patient slopes and mean NA scores, with
the 2-month follow-up data excluded. The slope was used as
a measure with which to summarize the relationship between
activity level and knee function at baseline and 12-month and
15-month follow-ups. Slopes created from these 3 time
points were significantly correlated with the mean NA (rS ¼
–0.30 [95% CI, –0.51 to –0.05]; P ¼ .018). PANAS, Positive
and Negative Affect Schedule–Short Form. NA, negative
affect.

TABLE 4
Results of Multiple Linear Regression Analyses to

Determine Predictors of the 15-Month Lysholm and AAS
Scoresa

Lysholm AAS

Predictor Coefficient (95% CI) P Coefficient (95% CI) P

Baseline
score

0.05 (–0.30 to 0.40) .78 0.42 (0.004-0.83) .048

NA –3.5 (–6.5 to –0.5) .025 –0.02 (–1.46 to 1.42) .98
PA 0.88 (–0.67 to 2.4) .26 0.77 (–0.39 to 1.92) .18
Male sex 19.2 (2.8-35.6) .023 9 (1-17) .029
BMI, kg/m2 0.70 (–0.66 to 2.1) .30 0.65 (–0.03 to 1.33) .060
Smoking — .29 — .93
Age, y 0.20 (–0.40 to 0.80)) .50 –0.03 (–0.45 to 0.38) .88

aResults are based on quantile regression. Bold P values indi-
cate statistical significance (P < .05). AAS, adjusted activity score;
BMI, body mass index; NA, negative affect; PA, positive affect.
Dashes indicate not applicable.
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NA, such as anxiety and depressive disorders.4,47 There-
fore, CBT may also be a viable option to reduce NA in
patients who are identified as having a high NA score
before cartilage repair surgery to improve outcomes. Inter-
estingly, preoperative CBT has been reported to improve
postsurgical pain, disability, and other psychosocial
constructs, such as pain catastrophizing after lumbar
spinal fusion, cardiac surgery, and total knee replace-
ment.6,39,44,45 However, there appears to be a slight discon-
nect in the literature, as none of the published work that
describes the benefits of preoperative CBT discusses possi-
ble reasons for the beneficial effect. Despite the reported
benefit of CBT in reducing NA in the literature in the psy-
chological field, there is no mention of NA and the possibil-
ity that the reduction of this psychosocial dimension is
responsible for improved results in the surgical literature.
In the present study, therefore, we provide a possible miss-
ing link, suggesting that CBT may be beneficial as a preop-
erative intervention for many orthopaedic or indeed other
surgical procedures because it can reduce NA. Before this
can be implemented, however, further research would be
required to determine the efficacy of such an intervention
and to establish criteria for its use—for example, a thresh-
old NA score. Additionally, discussions with the whole care
team would be required to establish willingness to include
CBT in the clinical care plan.

Limitations

The main limitation of the present study was the use of
short-term follow-up time points, the longest of which was
15 months postoperatively, which is considered to be rel-
atively short for assessing the outcomes of cell-based car-
tilage repair. While the patients involved in the clinical
trial continue to have their knee function assessed on a
long-term basis, the additional data utilized in addres-
sing the present study objectives (I-PANAS–SF and HAP)
were not collected after this time point. While longer-
term follow-up would be of interest, previous research
at our center indicated that knee function after autolo-
gous cell implantation improves during the first 15
months postoperatively, after which point no further
change is observed up to 9 years postoperatively.3 This
finding informed the choice of time points at which out-
comes were collected in the clinical trial, data from which
were utilized in the present study. A further limitation of
the present study was the use of activity data collected
using a patient-completed scoring system, thus limiting
the objectivity of these data. Future studies may benefit
from the use of objective measures of activity, and the
rapid development of wearable technology over recent
years means that the use of activity trackers in studies
such as this is a realistic possibility. We are currently
undertaking such a study to investigate short-term var-
iations in knee function in a range of patients with knee
conditions. Specifically, we are seeking to assess the
influence of activity level—measured using wearable
activity trackers—and psychosocial factors on these
fluctuations.

CONCLUSION

Our results suggest that the relationship between activity
level and knee function varies between patients. Addition-
ally, patients with a higher NA score were likely to report
smaller improvements in knee function with increasing
activity levels compared with those with a lower NA score.
Psychosocial factors such as affect may influence the suc-
cess of treatments for cartilage repair in the knee and,
therefore, more credence should be given to these elements
in preoperative planning and during rehabilitation.

ACKNOWLEDGMENT

The authors are indebted to all involved in the establish-
ment and running of the clinical trial from which the data
analyzed in the present study were gathered. In particular,
the authors thank Johanna Wales (trial manager) and
Barbara Linklater-Jones (research nurse) for making pos-
sible the collection of study data and for advising early on in
the study. The authors express gratitude to consultant
radiologist Dr Bernhard Tins for the assessment of carti-
lage defects in the trial, and to Mike Williams for maintain-
ing and managing the trial database and enabling data
acquisition.

REFERENCES

1. Bailey A, Goodstone N, Roberts S, et al. Rehabilitation after Oswestry

autologous-chondrocyte implantation: the OsCell protocol. J Sport

Rehabil. 2003;12(2):104-118.

2. Bennell KL, Hinman RS, Crossley KM, et al. Is the human activity profile

a useful measure in people with knee osteoarthritis? J Rehabil Res Dev.

2004;41(4):621-629.

3. Bhosale AM, Kuiper JH, Johnson WEB, Harrison PE, Richardson JB.

Midterm to long-term longitudinal outcome of autologous chondrocyte

implantation in the knee joint: a multilevel analysis. Am J Sports Med.

2009;37(1):131-138.

4. Bosley HG, Fisher AJ, Taylor CB. Differential responses of positive

affect, negative affect, and worry in CBT for generalized anxiety disor-

der: a person-specific analysis of symptom course during therapy.

Psychother Res. 2018;28(4):630-642.

5. Brittberg M, Lindahl A, Nilsson A, Ohlsson C, Isaksson O, Peterson L.

Treatment of deep cartilage defects in the knee with autologous chon-

drocyte transplantation. N Engl J Med. 1994;331(14):889-895.

6. Buvanendran A, Sremac AC, Merriman PA, della Valle CJ, Burns JW,

McCarthy RJ. Preoperative cognitive-behavioral therapy for reducing

pain catastrophizing and improving pain outcomes after total knee

replacement: a randomized clinical trial. Reg Anesth Pain Med. 2021;

46(4):313-321.

7. Chmielewski TL, Jones D, Day T, Tillman SM, Lentz TA, George SZ.

The association of pain and fear of movement/reinjury with function

during anterior cruciate ligament reconstruction rehabilitation. Phys

Ther. 2008;38(12):746-753.

8. Chmielewski TL, Zeppieri G, Lentz TA, et al. Longitudinal changes in

psychosocial factors and their association with knee pain and function

after anterior cruciate ligament reconstruction. J Orthop Sports Phys

Ther. 2011;91(9):1355-1366.

9. Cicchetti D, Bronen R, Spencer S, et al. Rating scales, scales of mea-

surement, issues of reliability: resolving some critical issues for clini-

cians and researchers. J Nerv Ment. 2006;194(8):557-564.

10. Davidson M, de Morton N. A systematic review of the human activity

profile. Clin Rehabil. 2007;21(2):151-162.

8 Hopkins et al The Orthopaedic Journal of Sports Medicine



11. de Windt TS, Concaro S, Lindahl A, Saris DBF, Brittberg M. Strategies

for patient profiling in articular cartilage repair of the knee: a prospec-

tive cohort of patients treated by one experienced cartilage surgeon.

Knee Surg Sports Traumatol Arthrosc. 2012;20(11):2225-2232.

12. Duff K. Current topics in science and practice evidence-based indi-

cators of neuropsychological change in the individual patient: relevant

concepts and methods. Arch Clin Neuropsychol. 2012;27(3):248-261.

13. Dugard MN, Kuiper JH, Parker J, et al. Development of a tool to

predict outcome of autologous chondrocyte implantation. Cartilage.

2017;8(2):119-130.

14. Ebert JR, Smith A, Edwards PK, Hambly K, Wood DJ, Ackland TR.

Factors predictive of outcome 5 years after matrix-induced autolo-

gous chondrocyte implantation in the tibiofemoral joint. Am J Sports

Med. 2013;41(6):1245-1254.

15. Elkins RK, Kassenboehmer SC, Schurer S. The stability of personality traits

in adolescence and young adulthood. J Econ Psychol. 2017;60:37-52.

16. Faul F, Erdfelder E, Lang AG, Buchner A. G*Power 3: a flexible sta-

tistical power analysis program for the social, behavioral, and bio-

medical sciences. Behav Res Methods. 2007;39(2):175-191.

17. Fox AJS, Bedi A, Rodeo SA. The basic science of articular cartilage:

structure, composition, and function. Sports Health. 2009;1(6):

461-468.

18. George SZ, Lentz TA, Zeppieri G, Lee D, Chmielewski TL. Analysis of

shortened versions of the Tampa Scale for Kinesiophobia and Pain

Catastrophizing Scale for patients after anterior cruciate ligament

reconstruction. Clin J Pain. 2012;28(1):73-80.

19. Geraci M. Linear quantile mixed models: the lqmm package for

Laplace quantile regression. J Stat Softw. 2014;57(13):1-29.

20. Gobbi A, Francisco R. Factors affecting return to sports after anterior

cruciate ligament reconstruction with patellar tendon and hamstring

graft: a prospective clinical investigation. Surg Sports Traumatol

Arthrosc. 2006;14(10):1021-1028.

21. Green P, Macleod CJ. SIMR: An R package for power analysis of

generalized linear mixed models by simulation. Methods Ecol Evol.

2016;7(4):493-498.

22. Guermazi A, Hayashi D, Roemer FW, et al. Partial- and full-thickness

focal cartilage defects equally contribute to development of new car-

tilage damage in knee osteoarthritis: the Multicentre Osteoarthritis

Study. Arthritis Rheumatol. 2017;69(3):560-564.

23. Heir S, Nerhus TK, Røtterud JH, et al. Focal cartilage defects in the

knee impair quality of life as much as severe osteoarthritis: a com-

parison of knee injury and osteoarthritis outcome score in 4 patient

categories scheduled for knee surgery. Am J Sports Med. 2010;38(2):

231-237.

24. Hudson NW, Lucas RE, Donnellan MB. Day-to-day affect is surpris-

ingly stable: a two-year longitudinal study of well-being. Soc Psychol

Personal Sci. 2017;8(1):45-54.

25. Kim S. ppcor: An R package for a fast calculation to semi-partial

correlation coefficients. Commun Stat Appl Methods. 2015;22(6):

665-674.

26. Knutsen G, Drogset JO, Engebretsen L, et al. A randomized trial com-

paring autologous chondrocyte implantation with microfracture: find-

ings at five years. J Bone Joint Surg Am. 2007;89(10):2105-2112.

27. Knutsen G, Isaksen V, Johansen O, et al. Autologous chondrocyte

implantation compared with microfracture in the knee: a randomized

trial. J Bone Joint Surg Am. 2004;86(3):455-464.

28. Koller M. Robustlmm: an R package for robust estimation of linear

mixed-effects models. J Stat Softw. 2016;75(6):1-24.

29. Kreuz PC, Steinwachs M, Erggelet C, et al. Importance of sports in

cartilage regeneration after autologous chondrocyte implantation: a

prospective study with a 3-year follow-up. Am J Sports Med. 2007;

35(8):1261-1268.

30. Krishnan SP, Skinner JA, Bartlett W, et al. Who is the ideal candidate for

autologous chondrocyte implantation? J Bone Surg. 2006;88(1):61-64.

31. Liao Y, Shonkoff ET, Dunton GF. The acute relationships between

affect, physical feeling states, and physical activity in daily life: a

review of current evidence. Front Psychol. 2015;6:1975.

32. McAdams TR, Mithoefer K, Scopp JM, Mandelbaum BR. Articular

cartilage injury in athletes. Cartilage. 2010;1(3):165-179.

33. McGraw KO, Wong SP. Forming inferences about some intraclass

correlation coefficients. Psychol Methods. 1996;1(1):30-46.

34. Medvedeva EV, Grebenik EA, Gornostaeva SN, et al. Repair of dam-

aged articular cartilage: current approaches and future directions. Int

J Mol Sci. 2018;19(8):2366.

35. Merz EL, Malcarne VL, Roesch SC, et al. Psychometric properties of

Positive and Negative Affect Schedule (PANAS) original and short

forms in an African American community sample. J Affect Disord.

2013;151(3):942-949.

36. Mithoefer K, Hambly K, Logerstedt D, Ricci M, Silvers H, della Villa S.

Current concepts for rehabilitation and return to sport after knee artic-

ular cartilage repair in the athlete. J Orthop Sports Phys Ther. 2012;

42(3):254-273.

37. Mithoefer K, McAdams T, Williams RJ, Kreuz PC, Mandelbaum BR.

Clinical efficacy of the microfracture technique for articular cartilage

repair in the knee: an evidence-based systematic analysis. Am J

Sports Med. 2009;37(10):2053-2063.

38. Nezlek JB. Multilevel random coefficient analyses of event- and

interval-contingent data in social and personality psychology

research. Pers Soc Psychol Bull. 2001;27(7):771-785.

39. Nicholls JL, Azam MA, Burns LC, et al. Psychological treatments for

the management of postsurgical pain: a systematic review of random-

ized controlled trials. Patient Relat Outcome Meas. 2018;9:49-64.

40. Niermann CYN, Herrmann C, von Haaren B, van Kann D, Woll A.

Affect and subsequent physical activity: an ambulatory assessment

study examining the affect-activity association in a real-life context.

Front Psychol. 2016;7:667.

41. Pinheiro J, Bates D, DebRoy S, Sarkar D. nlme: Linear and nonlinear

mixed effects models. R package version 31-159. Accessed April

2021. Available online at: https://CRAN.R-project.org/package¼nlme

42. R Core Team. R: A language and Environment for Statistical Comput-

ing. R Foundation for Statistical Computing: Vienna, Austria.

Accessed April 2020. Available online at: https://www.r-project.org/

43. Richardson JB, Wright KT, Wales J, et al. Efficacy and safety of autol-

ogous cell therapies for knee cartilage defects (autologous stem cells,

chondrocytes or the two): randomized controlled trial design. Regen

Med. 2017;12(5):493-501.

44. Rolving N, Nielsen CV, Christensen FB, Holm R, Bünger CE, Oester-
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