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Abstract

Purpose To evaluate patient-specific factors, including
the mechanism of injury, time from the injury, activity
level after the initial trauma, re-injury and body mass index
(BMI), as risk factors for meniscal and chondral injuries
accompanying anterior cruciate ligament (ACL) rupture.
Methods A retrospective review of young adult patients
with complete ACL rupture was performed between 2007
and 2011. The presence of meniscal tears and/or chondral
injury, and the mechanism of injury, time from the injury,
activity level after the initial trauma, re-injury and BMI
were recorded. The data were analysed for associations
between patient-specific factors and the prevalence of
meniscal and chondral injuries.

Results A total of 293 patients were included. Increasing
time from the injury, active daily life and re-injury were risk
factors associated with meniscal injuries (p < 0.05). Inde-
pendent risk factors associated with meniscal injuries
included active daily life (OR = 4.66, 95 % CI 2.21-9.86,
p < 0.0001) and re-injury (OR = 7.68,95 % CI3.24-18.22,
p < 0.0001). Contact injury, increasing time from the injury,
active daily life and re-injury were risk factors associated
with chondral injuries (p < 0.05). Independent risk factors
associated with chondral injuries included contact injury
(OR = 2.54,95 % CI 1.27-5.10, p < 0.01), active daily life
(OR = 2.62, 95 % CI 1.35-5.08, p < 0.01) and re-injury
(OR = 4.18,95 % CI2.09-8.35, p < 0.001). The incidence
of re-injury was associated with the activity level

G. Chen - X. Tang - Q. Li - G. Zheng - T. Yang - J. Li (X))
Department of Orthopedic Surgery, West China Hospital,
Sichuan University, Chengdu 610041, China

e-mail: lijiancd120@hotmail.com

G. Chen
e-mail: drchengang @hotmail.com

@ Springer

(» < 0.001) and increased with increasing time from the
injury (r = —0.698, p < 0.001).

Conclusions An increased risk of meniscal tear (espe-
cially medial meniscus) was strongly associated with an
active daily life and re-injury. The combination of contact
injury, active daily life and re-injury substantially
increased the risk of cartilage injury. Patients with
increasing time from the injury and active daily life
exhibited a higher risk of re-injury, implying a higher
prevalence of intra-articular damage.

Level of evidence Cross-sectional study, Level III.

Keywords Anterior cruciate ligament rupture -
Menisci - Cartilage - Knee injuries

Introduction

The anterior cruciate ligament (ACL) is the primary
restraint to anterior tibial displacement [2]. The causes of
ACL damage include non-contact injuries (NCI), for
example due to deceleration, jumping and cutting
manoeuvres, and contact injuries (CI) induced by external
forces, such as those resulting from car accidents and high
falls; the former mechanism is more common. At present,
reconstruction surgery is the most widely accepted method
for dealing with ACL rupture and has been proved to be
safe and effective. However, it has been reported that the
development of knee degeneration is significantly faster in
patients with ACL rupture than in others [5]. Some studies
have shown that accelerated knee degeneration may be
related to meniscal tears and chondral lesions associated
with ACL rupture [12, 19, 20]. Moreover, severe meniscal
and chondral injuries can lead to traumatic arthritis and
functional disturbances.
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Anterior cruciate ligament (ACL) rupture is strongly
associated with meniscal and chondral injuries [10, 15, 16].
In patients with ACL rupture, it has been reported that the
incidence of intra-articular injuries increases with the time
from the injury to reconstruction surgery [17, 20, 21]. With
time, the rate of medial meniscal tears clearly increases,
and the repair rate decreases [6]. Age and gender also
influence the incidence of meniscal and cartilage injuries,
with increasing age and male gender associated with a
higher incidence [3, 16, 17, 19].

Other factors not fully considered in previous studies
may also be relevant, such as body weight, recurrent epi-
sodes of knee instability, and the activity level after the
initial injury. Dumont et al. [4] showed that in paediatric
patients, body weight was strongly associated with medial
meniscal tears. However, this study considered only the
weight of the patient and did not take body size into
account. In addition, there have been no reports regarding
the influence of weight in adult patients. Another study
reported that recurrent episodes of instability following
ACL rupture contributed to meniscal and chondral injury,
but no specific data were shown to directly support such
effects [3]. Similarly, in a previous study, the activity level
after the initial injury was not fully taken into account [21].
In most studies of adult patients, the age was not clearly
defined, resulting in the recruitment of predominantly
middle-aged and even elderly patients. It is well known
that the elderly are more likely to suffer from knee
degeneration than younger individuals, even without ACL
rupture. In addition, none of these studies considered the
influence of the initial mechanism of injury.

The purpose of the present study was to determine
whether the prevalences of meniscal and chondral injuries
accompanying ACL rupture are influenced by certain
patient-specific factors that have yet to be fully assessed in
previous studies, including the mechanism of injury, the
time from the injury, the activity level, re-injury and body
mass index (BMI). The hypothesis of this study was that
several factors, including CI, increasing time from the
injury, active daily life, explicit re-injury and higher BMI,
would be associated with a greater number of meniscal
tears and more severe articular cartilage lesions seen at the
time of knee arthroscopy. An additional hypothesis was
that ACL-deficient patients with a longer time from the
injury and/or with an active daily life would have a greater
frequency of re-injury.

Materials and methods
A retrospective chart review was performed at a single

institution for all young patients (18—40 years old) with a
complete ACL rupture between 2007 and 2011. All

patients were confirmed to have complete ACL rupture by
arthroscopic examination. Patients with other combined
ligament injuries or with previous surgery were excluded
from the study. In addition, patients with congenital knee
deformities or recurrent arthralgia before the initial injury
were also excluded. This study did not include patients
with ACL avulsion fractures, irrespective of the site of the
involvement.

Data collection

For each patient, data concerning the mechanism of injury,
the time from the injury, the activity level after the initial
trauma, re-injury and BMI were collected. The mechanism
of injury was defined as the circumstance in which the
injury occurred, for example sudden deceleration, wound-
ing by a projectile or crushing by a heavy object. For
analysis of the mechanism of injury, patients were divided
into 2 groups: a NCI group (e.g., deceleration) and a CI
group (e.g., falling or car accident). The time from the
injury was calculated as the time from the date of the injury
to the date of surgery; this was graded into 5 levels: acute
stage (within 1 month), subacute stage (2-3 months), early
stage (4—6 months), midterm stage (7—12 months) and late
stage (longer than 12 months). The activity level was
graded as active or inactive, according to the type of daily
exercise undertaken after the initial injury; those patients
regularly taking part in high-intensity sports (such as bas-
ketball, soccer, badminton and tennis) were defined as
active, whereas those undertaking no exercise or only mild
exercise (such as walking, jogging and low-speed cycling)
were defined as inactive. Re-injury was defined as an
explicit injury to the same knee introduced by joint insta-
bility after the initial injury and was recorded as “yes” or
“no”, regardless of whether the injury occurred once or
repeatedly; this approach was taken as few patients could
accurately recall the exact number of re-injuries. For BMI
analysis, patients were classified into 4 groups: low weight
(BMI <20), normal (20-25), overweight (25-30) and obese
(>30).

The presence of medial and/or lateral meniscal tears and
of chondral lesions was confirmed and documented by two
surgeons simultaneously. A full-thickness defect in the
meniscus was considered a tear. The types and exact
locations of the meniscal tears were not considered in order
to simplify the study. Chondral lesions were graded using
the Outerbridge classification [12] and documented in the
surgery operative logs. If several chondral lesions were
present, the grade for the most severe lesion was recorded;
the exact site of the lesion was not taken into account
(again, to simplify the study). This study was approved by
the Institutional Review Board of West China Hospital,
Sichuan University (ID 20120139).
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Statistical analysis

Data analysis was performed using the SPSS for Windows
v.14.0.0 statistical software program (SPSS Inc., Chicago,
IL). The mechanism of injury, time from the injury,
activity level, re-injury and BMI were analysed as inde-
pendent variables, while the meniscal and cartilage injuries
were analysed as dependent variables. The chi-square test
was used to determine whether the mechanism of injury,
time from the injury, activity level, re-injury and BMI were
associated with the incidence and severity of meniscal and
chondral injuries. Furthermore, the chi-square test was used
to explore the relationship between the activity level and
re-injury. Multifactor logistic regression was carried out to
identify independent risk factors associated with meniscal
and cartilage injuries. Associations were reported as odds
ratios (ORs) with 95 % confidence intervals (CIs). Spear-
man’s rank correlation analysis and the trend chi-square
test were conducted to investigate the relationship between
time from the injury and re-injury. A value of p < 0.05 was
considered to be indicative of statistical significance.

Results

A total of 416 patients were confirmed by arthroscopic
examination to have a complete ACL rupture between
2007 and 2011. Of these, 123 patients were excluded
from the study: 61 with bone fractures or other ligament
injuries, 2 with congenital knee deformities, 5 with knee
diseases or recurrent arthralgia before the initial injury,
12 aged <18 years, and 43 aged more than 40 years. As a
result, a total of 293 patients with complete information
were identified and included in this study. All patients were
diagnosed by one surgeon and treated by a medical team at
a single centre. There were 228 (77.8 %) male and 65
(22.2 %) female patients, with a mean age of 28.6 years,
and a mean time from the injury of 17.8 months.

With respect to meniscal injuries, there were statistically
significant differences between groups in terms of the time
from the injury, the activity level and re-injury (p < 0.05,
Table 1). Increasing time from the injury, an active daily
life and explicit re-injury were associated with a higher
incidence of meniscal injury. Patients with an increased
time from the injury were more likely to have a meniscal
injury (p < 0.05), with the incidence ranging from 30/66
(45.5 %) to 83/98 (84.7 %). Notably, the incidence of
medial meniscal injury ranged from 11/66 (16.7 %) in the
acute group to 67/98 (68.4 %) in the late group (p < 0.05).
Similarly, patients with an active daily life and/or explicit
re-injury were also more likely to have a meniscal injury
(p < 0.05): the incidence was 30/107 (37.4 %) in the
inactive group versus 155/186 (83.3 %) in the active group;
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and 60/140 (42.9 %) in the non-re-injury group versus
135/153 (88.2 %) in the re-injury group. Multifactor
logistic regression identified active daily life (OR = 4.66,
95 % CI12.21-9.86, p < 0.0001) and re-injury (OR = 7.68,
95 % CI 3.24-18.22, p < 0.0001) as independent risk
factors associated with meniscal injuries.

With respect to cartilage injuries, there were statistically
significant differences between groups in terms of the
mechanism of injury, the time from the injury, the activity
level and re-injury (p < 0.05, Table 1). CI, increasing time
from the injury, an active daily life and explicit re-injury
were associated with an increased incidence and severity of
cartilage injury. Patients with CI were more likely to have a
cartilage injury than those with NCI (p < 0.05); the
respective incidences were 142/224 (63.4 %) and 53/69
(76.8 %). Similarly, patients with an increased time from
the injury were more likely to have a cartilage injury
(»p <0.05), with the incidence ranging from 28/66
(42.4 %) to 86/98 (87.8 %). Furthermore, the injury tended
to be more severe in patients with an increased time from
the injury, with the incidence of Grade III and IV lesions
ranging from O in the acute group to 24/98 (24.5 %) in the
late group (p < 0.05). Moreover, patients with an active
daily life and explicit re-injury were more likely to have
cartilage lesions (p < 0.05): the incidence was 45/107
(42.1 %) in the inactive group versus 150/186 (80.6 %) in
the active group; and 65/140 (46.4 %) in the non-re-injury
group versus 130/153 (85 %) in the re-injury group. Mul-
tifactor logistic regression identified the following inde-
pendent risk factors associated with cartilage injuries: CI
(OR = 2.54,95 % CI = 1.27-5.10, p < 0.01), active daily
life (OR =2.62, 95 % CI = 1.35-5.08, p <0.01) and
explicit re-injury (OR = 4.18, 95 % CI = 2.09-8.35,
p < 0.001).

The active group had a higher incidence of re-injury
than the inactive group (p < 0.0001, Table 2), with a rel-
ative risk (RR) value of 7.5. There was a statistical corre-
lation between the time from the injury and re-injury
(r = —0.698, p < 0.001). Moreover, it was found that
patients with a time from the injury of longer than a month
were more likely to suffer from instability re-injuries: the
RR values of re-injury were 19.9 for the early group and
29.3 for the late group, when compared with the acute

group.

Discussion

The most important finding of this study was that patients
with an increased time from the injury and/or with an
active daily life had a higher incidence of re-injury, which
may have induced severe meniscal and chondral injuries.
ACL injuries among young people are most commonly
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Table 2 Incidence of re-injury according to the time from the injury and the activity level

Groups Total Re-injury p value
No Yes

Time from injury Acute 66 (22.5) 64 (97) 23) <0.0001*
Subacute 46 (15.7) 38 (82.6) 8 (17.4)
Early 48 (16.4) 19 (39.6) 29 (60.4)
Midterm 35 (11.9) 8 (22.9) 27 (77.1)
Late 98 (33.4) 11 (11.2) 87 (88.8)

Activity level Inactive 107 (36.5) 96 (89.7) 11 (10.3) <0.0001*
Active 186 (63.5) 44 (23.7) 142 (76.3)

Values are presented as n(%)
* p <0.05

introduced by high-intensity sports such as football, skiing
and gymnastics [9, 18]. However, with the increasing use
of machinery, ACL injuries caused by CI, such as car
accidents, are becoming more common. Our results
revealed that there were more patients in the NCI group
(224 cases, 76.5 %) than in the CI group (69 cases,
23.5 %). However, many patients with CI were excluded
from the study due to the presence of other ligament
injuries or bone fractures. Therefore, the actual number of
cases in the CI group may have been much higher than that
determined in our study.

The two main underlying causes of intra-operatively
observed meniscal and cartilage injuries are age-related
joint degeneration and intra-articular injury associated with
ACL rupture. The primary focus of this study was on the
latter. Since older patients are generally more likely to
suffer from meniscal and chondral injuries arising from
joint degeneration, this study excluded patients over
40 years of age in order to minimize interference from
confounding factors. The treatment of children with ACL
rupture differs greatly from that of adults because of the
immaturity of their bones, and hence, patients under
18 years of age were also excluded.

With regard to the mechanism of injury, there were no
statistically significant differences between groups in the
incidence of meniscal tears, implying that meniscal injuries
are only associated with the body position and direction of
the force at the time of the injury, and not with the cause
(CI or NCI). However, with regard to chondral lesions, the
incidence and severity in the CI group was significantly
higher than that in the NCI group. This suggests that
chondral lesions are more likely following the exertion of
injurious forces through direct contact.

Long-term studies have demonstrated a significant
increase in the rate of damage to the menisci and articular
cartilage with increasing time from the injury [14, 19]. In
the acute stage (within 1 month after the injury), patients
with ACL ruptures tend to avoid vigorous exercise because
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of knee swelling and pain, leading to a relatively low risk
of re-injury. With extension of the time from the injury,
daily exercise is gradually restored, and the risk of re-
injury may rapidly increase accordingly. The medial
meniscus is broader and larger than the lateral meniscus,
and the posterior horn of the former is thicker than that of
the latter. As a result, the rate of medial meniscal tears in
patients with re-injury is higher than that in patients
without re-injury, and this is especially the case for pos-
terior horn tears [1, 13, 15, 21]. In contrast, the incidence of
lateral meniscal tears is relatively stable in the various
stages [3, 7, 11], implying that lateral meniscal tears alone
typically emerge in the initial stage of the injury, and that
subsequent re-injury leads to tears in the medial part or
both sides of the meniscus. This is consistent with the
findings of Chhadia et al. [3]. Similarly, the risk of chon-
dral lesions was significantly higher in the re-injury group
than in the non-re-injury group, possibly due to recurrent
abrasion of the joint surfaces induced by knee instability.

The patients in the present study differed greatly in
terms of their activity levels after the initial trauma. Based
on our experiences, we considered those who regularly
undertook vigorous exercise with a high requirement on the
knee joint, such as basketball, soccer, badminton and ten-
nis, as active, while those participating in only mild exer-
cise were regarded as inactive. There was a significant
difference between the active and inactive groups in terms
of the incidence of re-injury, with the former having a
notably higher incidence of re-injury. In addition, the two
groups differed significantly in terms of the risk of meni-
scal tears. It is possible that vigorous activities may have
led to a far higher rate of re-injury, followed by more
meniscal tears. Moreover, the results indicated that there
was a significant difference between active and inactive
groups in terms of the risk of cartilage injuries. This
implies that excessive exercise after injury may introduce
more chondral lesions or increase the severity of the
existing lesions.
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Body mass index (BMI) is an important index that has
been used widely in many studies. However, with respect
to ACL injury, the reports to date have focused mainly on
paediatric body weight, and none have considered adult
body weight or BMI [4, 8, 22]. Our investigation of the
relevance of BMI in adult patients with ACL injury thus
provides novel insights. We found that the various BMI
groups did not differ significantly in terms of the risks of
meniscal and cartilage injuries, implying that BMI may not
be important to the degeneration of ACL-deficient knees.
This finding was contrary to our original assumption that,
in general, patients with a higher weight would be more
likely to suffer from knee degeneration, with this being the
main reason why overweight patients with osteoarthritis
are asked to lose weight. Our data indicate that degenera-
tion secondary to ACL rupture may not be the same as age-
related joint degeneration. One possible explanation for our
observations is that overweight patients may exercise less
than those with lower BMISs, such that the actual joint loads
of overweight patients are not higher than those of patients
with lower BMIs.

To the best of our knowledge, this is the first study to
demonstrate a relationship between re-injury and meniscal
or cartilage injuries in ACL-insufficient knees. Moreover,
meniscal or cartilage injuries were found to be associated
with the time from the injury, the activity level and re-
injury. Treating physicians should be aware that patients
with increased time from the injury and an active daily life
may have a higher risk of re-injury, which may imply a
higher prevalence of intra-articular injury. Our findings
suggest that ACL injuries may need medical intervention
as early as possible. Within 1 month after the initial
trauma, there may be less secondary damage to the
meniscus and cartilage, allowing patients to achieve better
functional stability that slows joint degeneration.

This study has some limitations that are inherent to a
retrospective review. Some data, such as the date of the
initial trauma and the types of exercise, were self-reported,
and this may have introduced some errors. The BMI was
collected upon admission, and continuous changes in BMI
were not taken into account. Time intervals were selected
as an intuitive demarcation that yielded reasonable sample
sizes. Another limitation was that the time of the re-injury
was not considered. In addition, although attempts were
made to control for potential bias, the presence of meniscal
and chondral injuries before ACL rupture could not be
completely excluded. A large sample size would allow for
a more detailed analysis of re-injury. An additional limi-
tation was that patients with a complete rupture of the ACL
in our series were subjected to an arthroscopic examina-
tion; this could have introduced a selection bias by
excluding patients without arthroscopic examination.

Conclusion

Anterior cruciate ligament (ACL) rupture may introduce
serious meniscal and cartilage injuries that can lead to
accelerated knee degeneration. The findings of this study,
focusing on young adult patients, indicated that an
increased risk of re-injury was strongly associated with an
increased time from the injury and an active daily life. An
increased risk of meniscal tears (especially in the medial
meniscus) was strongly associated with an active daily life
and re-injury. Similarly, the combination of CI, active daily
life and re-injury substantially increased the risk of carti-
lage injury. Physicians should consider the possibility of
meniscal and chondral injuries when treating an ACL-
insufficient knee in a patient with a longer time from the
injury and an active daily life.
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