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Background: Detailed descriptions of meniscus and articular cartilage lesions associated with anterior cruciate
ligament injury have not been presented in the literature. Our goal was to determine the associations between patient
sex, age, and surgical delay and the frequency and location of meniscus and articular cartilage lesions seen at the time
of the anterior cruciate ligament reconstruction.

Methods: Data were obtained retrospectively from a database of 1209 consecutive patients undergoing anterior
cruciate ligament reconstruction between 1988 and 2002. All knee cartilage, meniscus, and ligament injuries were
documented on anatomic maps at the time of surgery, and the data were analyzed.

Results: Meniscus injuries were identified in 722 (65%) of the 1104 patients who met the criteria for inclusion in the
study. Female patients were less likely to have a meniscus injury than male patients were (56% compared with 71%),
and male patients were more likely to have combined medial and lateral meniscus injuries than female patients were
(20% compared with 11%). Patients with a surgical delay of less than three months were less likely to have a medial
meniscus injury (8% compared with 19%). Femoral articular cartilage injuries were identified in 472 patients (43%).
Patients who were twenty-five years of age or older were more likely to have multiple cartilage lesions throughout the
knee (7.7% compared with 1.3%) and to have more isolated medial femoral condyle lesions (24.2% compared with
13.3%). Patients with a surgical delay of more than one year were more likely to have a lesion (60% compared with 47%
for all others), and a surgical delay of more than one year resulted in a greater proportion of large and grade-3 lesions of
the lateral femoral condyle. Female patients had a greater proportion of grade-1 lesions of the medial femoral condyle
(29% compared with 16%), whereas male patients had a greater proportion of grade-3 and 4 lesions of the medial
femoral condyle (49% compared with 35%). In patients who were thirty-five years of age or older, meniscus injuries were
more frequent and were located more frequently on the medial side; femoral articular cartilage lesions were also
located more frequently on the medial side.

Conclusions: Increased age, male sex, and increased surgical delay all increase the frequency and severity of injuries
of the meniscus and/or articular cartilage after an anterior cruciate ligament tear.

Level of Evidence: Prognostic Level Il. See Instructions to Authors for a complete description of levels of evidence.

meniscus and articular cartilage injury in knees with an | been presented for the general population of individuals who

3 Ithough several studies have evaluated patterns of | tions of meniscus and articular cartilage injury have not
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length of time from anterior cruciate ligament injury to anterior
cruciate ligament reconstruction has been associated with the
development of intra-articular cartilage damage"**°, and delay
has been shown to increase the number of intra-articular in-
juries (i.e., articular cartilage defects and meniscus tears)**.
Following anterior cruciate ligament tears, male patients have
also been shown to have more meniscus injuries than female
patients and meniscus injuries have been demonstrated to be
accompanied by increasing articular cartilage damage®. Fur-
thermore, the age of the patient at the time of anterior cruciate
ligament injury and the level of sport participation have not
been shown to increase the risk of meniscus or cartilage le-
sions"’. However, most of those studies had relatively small
sample sizes, selected populations, a multicenter design, or
several surgeons grading the lesions. More importantly, most
of them failed to characterize the precise location and the
severity of cartilage and meniscus injuries in adequate detail.

Accurate documentation of cartilage and meniscus in-
jury is important in order to permit comparative analysis of
similar injuries. The IKDC (International Knee Documenta-
tion Committee) has provided a widely used tool to assess
outcomes after anterior cruciate ligament injury and to grade
the severity of cartilage lesions””. Precise documentation of the
cartilage surface can be obtained by mapping with use of the
ICRS (International Cartilage Repair Society) classification
system'’. The classification of meniscus lesions has been based
on patterns of injury or arthroscopic appearance, and the
systems have varied considerably in the literature'' . In order
to better classify meniscus injuries, Cooper et al.”” divided the
meniscus into eighteen different anatomical zones.

The purpose of the present investigation was to build on
the earlier studies and to determine the association between
patient sex, age at the time of surgery, and surgical delay (the
time between an injury and anterior cruciate ligament recon-
struction) with the frequency and location of meniscus and
femoral articular cartilage lesions seen at the time of anterior
cruciate ligament reconstruction. Our hypothesis was that ad-
vancing age and surgical delay will increase the frequency and
severity of articular cartilage and meniscus lesions in the knee.

Materials and Methods
pproval for this study was obtained from the institutional
review board at the University of Vermont College of
Medicine.

The data for the present study were obtained from a da-
tabase of 1209 consecutive patients who had undergone ante-
rior cruciate ligament reconstruction, performed with use of the
same operative procedure by the same orthopaedic surgeon
(R.J.J.), between 1988 and 2002. Ligament, femoral articular
cartilage, and meniscus injuries were recorded in the charts by
the senior surgeon (R.]J.]J.) at the time of the index procedure.

Any person with an anterior cruciate ligament injury
who elected to have a primary anterior cruciate ligament re-
construction was considered for inclusion in the study. We
excluded all individuals who had a grade-3 medial collateral
ligament, lateral (fibular) collateral ligament, or posterior
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cruciate ligament injury (evaluated and recorded at the time of
surgery by means of examination with the patient under an-
esthesia); a knee dislocation; or a revision procedure involving
the anterior cruciate ligament. The study sample consisted of
the remaining 1104 patients.

All articular cartilage, meniscus, and ligament injuries of
the knee were confirmed in the operating room by means of
physical examination and arthroscopy. The surgeon identified
articular cartilage and meniscus injuries at the time of surgery
and recorded the results on anatomic maps that were retro-
spectively converted to appropriate categorization systems.
Specifically, meniscus injuries were classified according to the
system described by Cooper et al."” (see Appendix), the grade
and depth of articular cartilage lesions were classified accord-
ing to the ICRS system (see Appendix), and the surface area of
cartilage loss was measured with use of the IKDC system (with
the lesions being classified as small [<5 mm], medium [5 to 10
mm)], or large [>10 mm)]).

A certain proportion of the meniscus tears were com-
plex. Some tears crossed the middle and posterior one-third
zones and were categorized separately as crossing zone AB
(posteromedially) or zone EF (posterolaterally) (see Appen-
dix). Other meniscus tears were identified in a radial direction
across zones 1, 2, and 3 and were categorized separately as
spanning zones 1, 2, and 3 (see Appendix). Relatively few
meniscus injuries were identified in the anterior two-thirds of
the medial or lateral meniscus. Therefore, the analysis of the
data involving the meniscus combined the injuries in the an-
terior two-thirds of the medial and lateral meniscus into two
groups (see Appendix).

The articular cartilage injuries were located primarily
in the central area of the ICRS 3 x 3 matrix on the femoral
condyle with extensions to adjacent portions (see Appen-
dix). Cartilage injuries in the middle-central area with a
minor extension to any other portion of the 3 X 3 matrix
were only counted in the middle-central area. For the pur-
pose of data analysis, the matrix was collapsed into seven
areas: anterior-central, middle-central, and peripheral on
the lateral side, and anterior-central, middle-central, pe-
ripheral, and middle-lateral on the medial side (see
Appendix).

Three independent variables were considered in the
present study: sex, age at the time of surgery, and surgical
delay (defined as the interval, in days, between the index
anterior cruciate ligament injury and anterior cruciate liga-
ment reconstruction). These data were obtained from the
patient’s chart. For the purpose of statistical analysis and
comparisons, age at the time of surgery was divided into two
groups (less than twenty-five years and twenty-five years or
more) on the basis of the median age of the patients in the
sample (twenty-five years). To explore the effect of advancing
age, a second age comparison was performed between pa-
tients who were less than thirty-five years old and those who
were thirty-five years old or more. Surgical delay was divided
into three categories according to when the anterior cruciate
ligament reconstruction was performed (less than three
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Diagram illustrating the overall distribution of meniscus lesions. The different zones

are based on the anatomic description of meniscus injury reported by Cooper et al.*?.

months after the injury, between three and twelve months after
the injury, and more than one year after the injury). The
grouping categories for surgical delay affected the comparisons
that were made. Any patient whose injury date was too vague
or who had multiple injuries was deleted from the analysis
when the model included this variable. The exact dates of
injury were not always known. A sensitivity analysis was not
performed because patients clearly fell into one of the selected
groups.

Lesion types and locations were first evaluated with
log-linear analysis. This approach allows for adjustments by
including covariates (e.g., there were more young female pa-
tients) and by checking for possible interactions. The post hoc
analyses were done with use of the binomial test with an ad-
justed alpha (0.05/number of comparisons). This test is known
to be very conservative; therefore, when the overall test was
significant but the binomial test was not, the comparison with
the largest discrepancy was reported as a trend. Lesion size and
grade were evaluated with use of the Wilcoxon-Mann-Whitney
test. Analyses of the patterns of specific injury sites (“location”)
were done separately for the medial and lateral sides because a
number of patients had injuries on both sides, indicating a lack
of independence.

For group comparisons, some patients were excluded
from analysis because of missing data. For example, 112 pa-
tients without clear-enough information were excluded from
the surgical delay comparisons because the time of the injury
was not reported or because the anterior cruciate ligament
injury was thought to have been caused by multiple injury
episodes, sometimes spanning several years. Patients in whom
the injury had occurred less than three months before the
procedure were most likely to have an exact date for the
injury.

One patient was excluded from the comparisons based
on sex because the sex of the patient could not be determined
from the files. Six patients were excluded from the compari-

sons based on age because age was not recorded or could not
be determined accurately from the charts.

Source of Funding

Salary support was provided by the Academy of Finland and by
an Orthopaedic Research and Education Foundation (OREF)
Clinician Scientist Award.

Results

hirty-nine percent (431) of the 1104 patients were female.

The mean age at the time of surgery was twenty-six years
(range, twelve to fifty-six years). For 112 patients, the time of
the injury was not reported. Of the 992 patients who were
analyzed with regard to surgical delay, 412 (42%) had surgery
less than three months after the injury, 274 (28%) had surgery
between three and twelve months after the injury, and 306
(31%) had surgery more than one year after the injury. Most of
the injuries occurred during downbhill skiing or snowboarding
(40%), basketball (16%), American football (6%), other sports
and activities (15%), or work-related events (2%); for the re-
maining injuries (21%), no cause was listed.

Significant associations were found between the three in-
dependent variables. Among patients who were less than twenty-
five years old, female patients tended to be younger than male
patients. Patients who were twenty-five years old or more were
more likely to have longer surgical delays. Log-linear analyses were
used to adjust for these associations in the results reported below.

Meniscus Injury

Meniscus injuries were identified in 722 patients (65%). In this
group, both the medial and the lateral meniscus were injured
in 186 patients (26%), the lateral meniscus was injured in 378
patients (52%), and the medial meniscus was injured in 157
patients (22%). One meniscus injury was excluded because it
was not classifiable. The distribution of the meniscus injury
patterns is presented in Figure 1.
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Figs. 2-A, 2-B, and 2-C Diagrams illustrating the frequency of meniscus injury according to different factors, presented as a percentage of the total

number of injuries involving the meniscus. The meniscus injury groupings are based on the anatomic description of meniscus injury as reported by

Cooper et al.*. Fig. 2-A Diagram illustrating the frequency of meniscus injury according to sex. Fig. 2-B Diagram illustrating the frequency of meniscus
injury according to age. Fig. 2-C Diagram illustrating the frequency of meniscus injury according to surgical delay.

Frequency of Meniscus Lesions 29%; p = 0.0005), and male patients were more likely to have
Sex was found to be associated with meniscus injury after ad- combined medial and lateral meniscus injuries than female
justing for age (p < 0.0001). Female patients were more likely to | patients were (20% compared with 11%; p = 0.002) (Fig. 2-A
have no injury than male patients were (44% compared with | and Table I). No significant associations between age and the



2098

THE JOURNAL OF BONE & JOINT SURGERY - JBJS.ORG GEOGRAPHIC MAPPING OF MENISCUS AND CARTILAGE LESIONS
VOLUME 91-A - NUMBER 9 - SEPTEMBER 2009 ASSOCIATED WITH ANTERIOR CRUCIATE LIGAMENT INJURIES

TABLE | Associations Between Lesion Characteristics (Frequency, Location, and Type) and Independent Variables (Sex, Age, and Surgical

Delay) in Patients of All Ages*

Lesion Characteristics and
Independent Variables Overall Test (p value) Post Hoc Tests

Frequency of meniscus injuries

Sex <0.0001 Male patients more likely to have combined medial and lateral injuries
(20% compared with 11%), female patients more likely to have no injury
(44% compared with 29%)

Surgical delay <0.0001 Patients with surgical delay of O to 2 months less likely to have medial
injury (8% compared with 19%), patients with delay of >1 year less likely
to have no injury (21% compared with 41%), patients with a delay of
>1 year more likely to have combined medial and lateral injuries (27%
compared with 13%)

Location of meniscus injuries
(each side evaluated separately)
Sex 0.04 (lateral side) Trend: Female patients more likely to have injury of posterior horn, male
patients more likely to have injuries involving anterior and middle thirds

Frequency of femoral
cartilage lesions

Sex 0.06

Age <0.0001 Patients with an age of >25 years more likely to have multiple lesions
(8% compared with 1%), patients with an age of >25 years more likely to
have isolated medial femoral condyle lesions (24% compared with 13%),
patients with an age of 18 to 24 years more likely to have no lesions
(67% compared with 47%)

Surgical delay 0.006 Patients with a delay of >1 year less likely to have no lesions (40%
compared with 53%), patients with a delay of >1 year more likely to have
combined lateral and medial condyle lesions (15% compared with 6%)

Location of femoral cartilage lesions
(each side evaluated separately)

Age 0.02 (medial side) Trend: Patients with an age of >25 years more likely to have
middle-central and middle-lateral injuries
Surgical delay 0.005 (medial side) Patients with a delay of >1 year less likely to have middle-lateral lesions

(13% compared with 31%)

Type (grade and size) of lateral
femoral condyle lesions

Surgical delay 0.005 (size) Patients with a delay of >1 year more likely to have large lesions (21%
compared with 5%)
Surgical delay 0.05 (grade) Patients with a delay of >1 yr more likely to have grade-3 and 4 lesions

(24% compared with 9%)

Type (grade and size) of medial
femoral condyle lesions
Sex (x age)t 0.02 (grade) Older patients only: males more likely to have grade-4 lesions, females
more likely to have grade-1 lesions

Age (x sex)t 0.003 (grade) Males only: patients with an age of >25 years more likely to have
higher-grade lesions
Surgical delay 0.004 (size) Patients with a delay of O to 2 months more likely to have small lesions,

patients with a delay of >1 yr more likely to have large lesions

*For statistical analysis, the age of twenty-five years was based on the median age of the sample. Surgical delay was divided into three categories
(within three months after the injury, between three and twelve months after the injury, and more than one year after the injury). fInteraction
was found.
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Diagram illustrating the overall distribution of cartilage injuries according to sex; it is possible

for there to be multiple cartilage injuries per knee. The cartilage injury groupings are based on
the anatomic description of cartilage injury as reported by the ICRS™.

frequency of meniscus injury were found after adjusting for sex
and surgical delay (Fig. 2-B). After adjusting for age, patients
who had a surgical delay of less than three months were less
likely to have a medial meniscus injury than were those who had
a longer delay (8% compared with 19%; p = 0.0006) (Table I).
After adjusting for age, patients for whom surgery was delayed
for more than one year were less likely to have no injury (21%
compared with 41%; p < 0.0001) and were more likely to have a
combined medial and lateral meniscus injury (27% compared
with 13%; p = 0.0001) than were patients for whom surgery was
delayed for one year or less (Fig. 2-C and Table I).

Location of Injury within the Medial or Lateral Meniscus

Lateral meniscus injuries and the sex of the patient were asso-
ciated after adjusting for age (p = 0.04). There was a trend for
female patients to have more injuries in the posterior horn of
the lateral meniscus near the periphery in zones 1 and 2 (Table
I). Male patients had more injuries in the anterior and middle
horns of the lateral meniscus than did female patients. However,
no association between sex and the location of injury within the
medial meniscus was found after adjusting for age. No signifi-
cant associations between age and the location of meniscus
injury were found after adjusting for sex and surgical delay.
Surgical delay was not associated with the location of medial or
lateral meniscus injuries after adjusting for age.

Articular Cartilage Injury

Femoral articular cartilage injuries were identified in 472 pa-
tients (43%). Specifically, medial femoral cartilage injuries were
found in 205 patients (43%), lateral femoral cartilage injuries
were found in ninety-three patients (20%), and trochlear in-
juries were found in thirty-five patients (7%). Multiple articular
cartilage lesions were found in 139 patients (29%); ninety-one
of these lesions occurred in the medial and lateral condyles. Five
cases were unclassifiable and were dropped, reducing the overall

sample size to 1099. The distribution of articular cartilage injury
patterns is presented in Figure 3.

Frequency of Femoral Cartilage Lesions

Although the sex of the patient did not have a significant re-
lationship with the frequency of femoral cartilage lesions, a
trend was apparent (p = 0.06) (Table I) and the difference was
large enough to suggest that the results were clinically relevant
(Fig. 4-A and Table I). This was evidenced by the fact that more
male patients than female patients had a femoral injury (48%
compared with 35%). Age was a significant factor after ad-
justing for sex and surgical delay (p < 0.0001). Older patients
were more likely to have multiple femoral cartilage lesions
(7.7% compared with 1.3%; p = 0.0001), and younger patients
were more likely to have no lesions (67% compared with
47.1%; p = 0.002). Older patients were more likely to have
isolated medial femoral condyle lesions than younger patients
were (24.2% compared with 13.3%; p = 0.004) (Fig. 4-B and
Table I). Surgical delay was a significant factor after adjusting
for age (p = 0.006). Patients who had a surgical delay of more
than one year were less likely to have no lesions (40% com-
pared with 53%; p = 0.003) and were more likely to have
combined lateral and medial condyle lesions (15.2% compared
with 5.5%; p = 0.0006) (Fig. 4-C and Table I).

Location of Femoral Cartilage Lesions

The log-linear analyses did not identify significant associations
for the lateral femoral condyle lesions. On the medial side,
significant associations were found for age (p = 0.02, adjusted
for sex) and surgical delay (p = 0.005, adjusted for age), but not
for sex (Table I). Patients who had a surgical delay of more
than one year had fewer middle-lateral lesions than did those
with shorter delays (13% compared with 31%, p = 0.01) (Table
I). There was a trend for older patients to be more likely to
have injuries in the middle-central (63%) or middle-lateral
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Figs. 4-A, 4-B, and 4-C Diagrams illustrating the frequency of articular cartilage injury according to different factors, presented as the percentage of the
total number of injuries involving the femoral articular cartilage. The cartilage injury groupings are based on the anatomic description of cartilage injury as
reported by the ICRS™. Fig. 4-A Diagram illustrating the frequency of articular cartilage injury according to sex. Fig. 4-B Diagram illustrating the frequency of
cartilage injury according to age. Fig. 4-C Diagram illustrating the frequency of cartilage injury according to surgical delay.
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TABLE Il Associations Between Lesion Characteristics (Frequency and Location) and Patient Age in Older Patients*

Lesion Characteristics Overall Test (p value)

Post Hoc Tests

Meniscus injuries

Frequency 0.0004

Location (each side 0.0007 (medial side)

evaluated separately)

Femoral cartilage injuries

Frequency <0.0001

Location (each side
evaluated separately)

0.05 (medial side)

Patients with an age of 18 to 35 years more likely to have lateral injuries
(37% compared with 23%), patients with an age of >35 years more likely to
have medial injuries (22% compared with 13%)

Trend: Patients with an age of >35 years more likely to have A23 and AB23
injuries, patients with an age of 18 to 35 years more likely to have A1 and
ABC injuries

Patients with an age of 18 to 35 years more likely to have no lesions (61%
compared with 37%; p < 0.0001, binomial test), patients with an age of
>35 years more likely to have isolated medial lesions (27% compared with
17%; p = 0.01, binomial test)

*The table presents the results of the comparisons when the patients were divided into two age groups (eighteen to thirty-five years and more than
thirty-five years); 186 patients were more than thirty-five years old. For statistical analysis, the age of thirty-five years was selected to explore how
advancing age affects meniscus and articular cartilage injury patterns after anterior cruciate ligament injury. Surgical delay was divided into three
categories (less than three months after the injury, three to twelve months after the injury, and more than one year after the injury). The categories
of A23, AB23, and ABC are based on the meniscus classification system of Cooper et al.*?.

(25%) regions in comparison with patients who were younger
than twenty-five years of age (55% and 19%, respectively).

Type (Grade and Size) of Femoral Condyle Lesion

Age was associated with the grade (p = 0.02) but not the size of
articular cartilage lesions. Nearly all grade-2 and 3 lesions were
found in the older group. No association was identified with
regard to sex or surgical delay and lesion grade or size.

In analyses involving the lateral femoral condyle, sex and
age at the time of surgery were not associated with the grade or
size of articular cartilage lesions. However, surgical delay was
associated with both the grade and size of injury (p = 0.05 and
p = 0.005, respectively). The pattern was that a surgical delay of
more than one year was associated with a greater proportion of
large (>10-mm) and grade-3 lesions (Table I).

In analyses involving the medial femoral condyle, sur-
gical delay was associated with the size (p = 0.004) but not the
grade of the cartilage injury. There were more small lesions
than expected for a surgical delay of less than three months
(49% compared with 34% for all others) and more large le-
sions than expected for a surgical delay of more than one year
(19% compared with 8%) (Table I). Both sex and age at the
time of surgery were found to be significantly associated with
the grade of the lesion. Combined analyses suggested that these
associations were true only for certain subgroups. Sex was
significantly associated with the grade of the lesion in older
patients only (p = 0.02): female patients had a greater pro-
portion of grade-1 lesions in comparison with male patients
(29% compared with 16%), whereas male patients had a
greater proportion of grade-3 and 4 lesions in comparison with
female patients (49% compared with 35%) (Table I). Age at the

time of surgery was found to be related to lesion grade only
among male patients (p = 0.003): the pattern showed higher-
grade (grade-3 and 4) lesions for the older male patients (49%
compared with 29% for younger male patients) (Table I).
When both age and sex were considered, none of the analyses
identified significant associations for the size of the cartilage
lesion.

All of the above comparisons of meniscus and cartilage
lesions were repeated in an analysis in which patients with an
age of thirty-five years or more (n = 186) were compared with
those with an age of less than thirty-five years. Significant
results are reported in Table II. Older patients more frequently
injured the medial meniscus than the lateral meniscus and had
more isolated medial femoral cartilage lesions in comparison
with the younger patients. Other comparisons were not
significant.

Discussion
he present study demonstrates that, following an anterior
cruciate ligament injury, increased age, male sex, and in-
creased surgical delay are all associated with an increase in both
the frequency and the severity of injuries to the menisci and
the articular cartilage. These three factors must be considered
when designing studies, and they must be considered in the
statistical analysis. In addition, the present study provides
baseline information to help us to understand the location of
cartilage and meniscus injury in the knee at the time of an-
terior cruciate ligament reconstruction.
Two important associations were found among the three
independent variables that were studied. First, the female pa-
tients tended to be younger (64% of female patients were less
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than twenty-five years of age, compared with 42% of male
patients). Second, older patients were more likely to have a
delay in surgery (36% of patients who were older than twenty-
five years had a delay of more than one year, compared with
25% of younger patients). Therefore, the distributions of age
and surgical delay for the female patients relative to the male
patients were not evenly (proportionately) distributed in our
sample. Consequently, log-linear analyses were used to adjust
for these associations in the data analysis.

In our review of the literature, we identified six reports
that described intra-articular injuries that were observed at the
time of anterior cruciate ligament reconstruction' . The pre-
sent study was most similar to the reports by Tandogan et al.’,
Maffulli et al’, and O’Connor et al." in that we carefully
mapped the intra-articular injuries and explored associations
between cartilage and meniscus injury and surgical delay and
age. However, the present study included a significantly higher
number of female patients and a more in-depth description of
the injuries to the menisci and the articular cartilage. Our
findings regarding the factors associated with meniscus injury
were similar to the findings reported by Tandogan et al.%
Maffulli et al.>, O’Connor et al.*, and Piasecki et al.”; however,
they were different from those reported by Murrell et al.”’. We
found that female patients were less likely to have a meniscus
injury and that male patients were more likely to have com-
bined medial and lateral meniscus injuries. Patients who had a
surgical delay of more than one year were more likely to have a
meniscus injury of any type. The studies by Tandogan et al.®
and Maffulli et al.” both demonstrated that the likelihood of
observing a meniscus injury at the time of anterior cruciate
ligament reconstruction increased with surgical delay, but
neither group of investigators studied the relationship of this
finding to the sex of the patient. Similar to us, Piasecki et al.’
reported that female patients had fewer meniscus injuries than
male patients did; however, in that study, the observations for
female basketball players were compared with those for male
basketball players. O’Connor et al.* reported that male patients
had a higher rate of meniscus injury than female patients and
that all patients had an increased risk of meniscus injury with
an increased surgical delay.

Our observations regarding cartilage have several sim-
ilarities to those reported by Maffulli et al.?, Tandogan et al.’,
and O’Connor et al.; however, there were also differences. In
the present study, a surgical delay of more than one year was
more likely to be associated with an articular cartilage lesion
and to be associated with combined lateral and medial con-
dyle lesions. For the lateral femoral cartilage, surgical delay
was associated with a greater proportion of large and grade-3
lesions, whereas for the medial femoral cartilage, surgical
delay was associated with larger-sized lesions. Female patients
had a greater proportion of grade-1 lesions, whereas male
patients had a greater proportion of grade-3 and 4 lesions.
Higher-grade lesions were observed for older male patients as
compared with younger male patients. Maffulli et al.* re-
ported that surgical delay resulted in a greater number of
observed cartilage injuries. Tandogan et al.° reported that
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patient age and surgical delay were associated with the
presence of grade-3 or 4 chondral lesions but fewer medial
femoral condyle injuries in female patients. O’Connor et al.*
reported that the risk of cartilage injury was increased with
surgical delay in men but not in women. The differences re-
ported here are likely explained by the population differences
among the studies.

The importance and uniqueness of the present report lie
in the overall presentation of the data from a single observer’s
practice. The data were collected over a long period of time
during which the surgeon maintained meticulous records de-
scribing the condition of the meniscus and cartilage structures
on anatomic maps. The severity and location of all injuries
were recorded in a consistent manner, making data interpre-
tation over the length of study possible. The data are gener-
alizable to a similarly aged population of individuals who
participate in skiing and outdoor activities. An important
strength of the present study is the fact that the data were
carefully collected at the time of surgery and were immediately
recorded on anatomic maps by the same investigator, elimi-
nating the inconsistency that could have been produced by
multiple observers. However, we recognize the limitation that
the accuracy and reliability of the individual who recorded the
data were not evaluated. Another limitation is that the obser-
vations made at a sports medicine practice that caters to active
individuals participating in outdoor activities in the north-
eastern United States may not reflect other geographic loca-
tions where patients participate in different outdoor activities.
Last, the meniscus classification system described by Cooper
et al.”” has not undergone reliability testing. However, the
IKDC system is a reliable knee-specific test' and has been
adapted for use in several specific knee injury' and meniscus
injury studies'®. The ICRS mapping system is a validated in-
strument for assessing outcomes after arthroscopic evaluation
of cartilage injury and repair'”".

In summary, the present study demonstrates that in-
creased age, male sex, and increased surgical delay are associ-
ated with an increase in the frequency and severity of injuries
of the meniscus and cartilage following an isolated anterior
cruciate ligament injury. In addition, the present study pro-
vides baseline information describing the location of cartilage
and meniscus injury in the knee after anterior cruciate liga-
ment tears. Age, sex, and surgical delay all must be considered
in the statistical analysis in future studies and when designing
investigations that study knee articular and meniscus damage.
Finally, the present study shows where the intra-articular in-
juries occur as well as their severity, and this information will
help with the design of prospective studies that determine
specifically which injury combination predisposes patients to
the posttraumatic onset of osteoarthritis.

Appendix

@ Figures depicting the Cooper meniscus injury classifica-
tion system and the ICRS cartilage injury mapping sys-

tem are available with the electronic versions of this article, on

our web site at jbjs.org (go to the article citation and click on
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“Supplementary Material”) and on our quarterly CD/DVD
(call our subscription department, at 781-449-9780, to order
the CD or DVD). m
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