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Incidence rates of injuries associated with anterior cruciate ligament tear diagnosed by
magnetic resonance imaging: A retrospective cohort study

Manyetik rezonans goriintiileme ile tani konulmus én ¢apraz bag yirtigi ile iliskili
yaralanmalarin gortilme sikligi: Retrospektif kohort ¢alismasi
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ABSTRACT

Objective: Preceding studies to date have assessed the relationship between anterior cruciate ligament (ACL) tears and other related injuries without
evaluating the ACL tear as partial or complete. In this study, we aimed to investigate the relationship between the type of an ACL tear assessed with
magnetic resonance imaging and demographic factors, injury characteristics, and concomitant injuries.

Material and Methods: A retrospective cohort study was performed on patients admitted to the Sports Medicine Outpatient Clinic. The diagnosis of
ACL tear was based on magnetic resonance imaging. Of the 310 patients with an acute ACL injury, 90 patients diagnosed with ACL tear by magnetic
resonance imaging were divided into two groups according to the tear type; partial (n=26) and complete tear (n=64). Demographic factors, injury cha-
racteristics and meniscal, articular cartilage, collateral ligament, and posterior cruciate ligament lesions confirmed by magnetic resonance imaging
were recorded.

Results: The mean age of the participants was 27.2 + 7.9 years. Most of the patients (74.4%) were recreational athletes and football was the most
common sports discipline (65.6%) among the patients. The most common accompanying injury was meniscal tear (61.1%), followed by articular carti-
lage damage (45.6%). There were no significant differences between partial tear and complete tear groups regarding incidence rates of injuries ac-
companying the ACL tear (p > 0.05 for all).

Conclusion: We found similar incidence rates of menisci, articular cartilage, collateral ligaments, and posterior cruciate ligament injuries associated
with ACL tear among the partial ACL tear and the complete ACL tear groups.
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Amag: Bugiine kadar yapilan calismalarda, 6n gapraz bag (OCB) yirtigi ile buna eslik eden diger yaralanmalar arasindaki iliski, OCB yirtigi kismi veya
tam kat olarak ayrimaksizin incelenmistir. Bu calismada, manyetik rezonans gériintileme araciigiyla degerlendirilen OGB yirtiginin tipi ile demografik
faktdrler, yaralanma dzellikleri ve eslik eden yaralanmalar arasindaki iliskinin incelenmesi amaglanmistir.

Gereg ve Yontem: Spor Hekimligi Poliklinigine bagvuran hastalar retrospektif kohort yéntemiyle degerlendirildi. OCB yirtigi tanisi manyetik rezonans gé-
rintileme ile konuldu. Akut OCB yaralanmasi geciren 310 hastadan manyetik rezonans gériintilemesi ile OCB yirtigi tanisi alan 90 hasta yirtik tipine
gbre kismi (n=26) ve tam kat yirtik (n=64) olarak iki gruba ayrildi. Demografik faktorler, yaralanma dzellikleri ve manyetik rezonans gdrintileme ile teyit
edilmis meniskus, eklem kikirdagi, kollateral ligamentler ve arka ¢apraz bag lezyonlari kaydedildi.

Bulgular: Katlimclilarin yas ortalamasi 27.2+7.9 yil idi. Hastalarin ¢ogu (%74.4) rekreasyonel sporcular olup, en yaygin spor disiplini futboldu (%65.6).
En sik eslik eden yaralanmalar meniskiis yirtigi (%61.1) ve eklem kikirdagi hasari (%45.6) olarak bulundu. OCB yirtigina eslik eden yaralanmalarin gériil-
me sikligi agisindan kismi yirtik ve tam kat yirtik gruplari arasinda istatistiksel anlamli fark gézlemlenmedi (tmd i¢in p>0.05).

Sonug: Kismi OCB yirtigi ve tam kat OCB yirtigi gruplar arasinda OCB yirtimasi ile iliskili meniskiis, eklem kikirdagdi, kollateral ligamentler ve arka gap-
raz bag yaralanmalari agisindan benzer gérilme siklidr bulundu.

Anahtar Sézciikler: Diz, 6n capraz bag yaralanmasi, meniskd, kikirdak

INTRODUCTION

The anterior cruciate ligament (ACL) is accountable for re-  occurs in less than ten percent of cases (2). Consequently,
sisting translational and rotational load at the knee, especi-  further evaluation is necessary for the presence of ACL-as-
ally during the pivoting movement, as it gives high rotati-  sociated injuries (2).

onal stress on the knee (1). An isolated ACL tear is rare and
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The most common injuries related to ACL tear are meniscal,
articular cartilage, medial collateral ligament (MCL) and la-
teral collateral ligament (LCL) injuries owing to the anato-
mical and functional relations of these structures with ACL
(2). The incidence of accompanying meniscal injury is abo-
ut 60% (3,4), articular cartilage injury is between 16 - 46%
(5), and MCL and LCL injury is between 5 - 24% (6,7).

The disruption of ACL eventually causes changes in knee
kinematics due to instability in the joint (8,9). Patients with
partial ACL tears often suffer similar to a complete tear, ho-
wever, mechanical instability of the knee is rather small in
a partial tear than a complete tear (9). Demographic and ot-
her confounding variables such as sports discipline, skill
level, and mechanism of injury, which constitute a risk fac-
tor for accompanying injuries in patients with ACL rupture,
have been previously studied (4,10,11). Previous studies
have evaluated the relationship between ACL tears and ot-
her related injuries without considering the ACL tear as par-
tial or complete (4,10,11). As mentioned above, in partial
tear, mechanical instability of the knee is rather small
when compared to complete tear. Therefore, the incidence
of injuries accompanying partial and complete ACL tears
might vary. To our best of knowledge, no studies have been
reported on the relationship between the type of an ACL
tear, as partial or complete, and demographic factors, in-
jury characteristics, and concomitant injuries.

The aims of our study were; to evaluate the epidemiology of
injuries accompanying ACL tear, and to assess whether the-
re was a difference in the incidence of concomitant injuries
between partial ACL tear and complete ACL tear.

MATERIAL and METHODS
Study Design

A retrospective cohort study was performed on patients ad-
mitted to the Sports Medicine Outpatient Clinic to investiga-
te the association between the type of an ACL tear and de-
mographic factors, injury characteristics, knee magnetic
resonance (MR) imaging findings. The Local Research Et-
hics Committee approved the study with GO/17/681-38 Deci-
sion Number.

Study Population

Inclusion criteria for this study were; to have an acute ACL
injury according to the history and physical examination,
to have an MR image at the same institution, and to have a
partial or total ACL rupture according to MR imaging at the
initial presentation. Since multiplanar MR imaging of ACL
provides improved accuracy and confidence regarding the
diagnosis of ACL tears, all MR examinations were perfor-
med in the axial, coronal, and sagittal plane (12). Recurrent
ACL injury, a history of previous surgery involving knee, li-

gamentous lesions or osteoarthritis, and the absence of an
MR image in the same institution were exclusion criteria.

For this purpose, a total of 14.078 patients applied to our
institution for any complaints between 01.01.2015 -
31.08.2017 were reviewed retrospectively from medical re-
cords (Figure 1). The diagnosis for ACL injury was based on
history and/or physical examination, whereas the diagno-
sis of ACL tear was based on MR imaging. Accordingly, the-
re were 310 patients with an acute ACL injury, and 108 of
them had an MR image at our institution. Finally, 9o pati-
ents diagnosed with ACL tear by MR imaging were divided
into two groups according to the type of the tear: partial
tear (n = 26) and complete tear (n = 64).

Patients admitted to Sports Medicine Qutpatient
Clinic
(from 01.01.2015 to: 31.08.2017)
n=14.078

Patients presenting with ACL injury
n =310

Patients underwent MRI examination in the Same
Institution
n =108

Patients diagnosed with ACL tear by MRI
examination

n=90

Partial tear Complete tear
n=26 n=64

Figure 1. Flow chart of the study population. ACL: anterior cruciate

ligament, MRI: magnetic resonance imaging

Data Collection

The clinical notes were reviewed to gather data regarding
patients’ age, gender, level of sports activity, sports discipli-
ne, injury side, and injury type.

In all patients, meniscal, articular cartilage, MCL, LCL, and
posterior cruciate ligament (PCL) lesions were confirmed by
MR imaging. Meniscal tears were classified according to the
International Society of Arthroscopy, Knee Surgery and Ort-
hopaedic Sports Medicine (ISAKOS) classification (13). Me-
niscal tears were further classified according to their pre-
sence in the medial and/or lateral meniscus, and in the an-
terior horn, the body, and/or the posterior horn.

Statistical Analysis

Statistical analyses were performed using the Statistical
Package for the Social Sciences (SPSS) version 21 software
(IBM SPSS Statistics for Windows, Version 21.0., Armonk,
New York, USA). The variables were investigated using visu-
al (histograms and probability plots) and analytical met-
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hods (Kolmogorov-Smirnov test and Shapiro-Wilk test) to
determine normal or non-normal distributions. Descriptive
analyses were presented using means and standard deviati-
ons, medians and range, or frequencies and percentages,
where appropriate. The Mann-Whitney U test was used to
compare age between groups. The Chi-square test or Fis-
her’s exact test was used to compare the gender, level of
sports activity, sports discipline, ACL injury side, ACL in-
jury type, and the knee MR imaging findings between gro-
ups. The correlation between the type of an ACL tear and
other variables was investigated using the Spearman test
because the ordinal variables were present. A 5% type-I er-
ror level was used to infer statistical significance.

RESULTS

Demographic characteristics, level of sports activity, and
sports discipline of the patients are given in Table 1. The
mean age of the participants was 27.2 + 7.9 years. Most of
the patients (74.4%) were recreational athletes. Football
was the most common sports discipline (65.6%) among the
patients, followed by basketball (10 %) and volleyball
(5.6%).

Table 1. Demographic characteristics of the patients

Total Male Female
(n =90) (n =80) (n =10)

Age, years
Mean ¢ SD 27279 27976 209:*79
Level of sports activity
Recreational, n (%) 67 (74.4) 64 (80) 3(30)
Professional, n (%) 23 (25.6) 16 (16) 7 (70)
Sports discipline
Football, n (%) 59 (656) 59 (73.8) -
Basketball, n (%) 9 (10) 6 (7.5) 3(30)
Volleyball, n (%) 5(5.6) 2(25) 3(30)
Kickboxing, n (%) 3(3.3) 2 (2.5) 1(10)
Ski, n (%) 2(2.2) 1(1.3) 1(10)
Athletics, n (%) 2(22) 1(13) 1(10)
American football, n (%) 2(2.2) 2 (2.5)
Others®, n (%) 8(8.9) 7 (8.6) (10)

"Other sports disciplines: badminton, bicycle, gymnast|cs handball, rugby, ulti-
mate frisbee, wrestling.

Comparisons between the partial tear and complete tear
groups according to age, sex, level of sports activity, sports
discipline, and side of injury are given in Table 2. There
were no significant differences between the groups in terms
of the aforementioned parameters (p > 0.05 for all).

Distribution of meniscal, articular cartilage, MCL, LCL, and
PCL lesions accompanying ACL tear is presented in Table 3.
The most common accompanying injury was meniscal tear
(total: n = 55, 61.1%; partial tear: n = 13, 50%; and complete
tear: n = 42, 65.6%), followed by articular cartilage damage
(total: n = 41, 45.6%, partial tear: n = 10, 38.5%, and comp-
lete tear: n = 31, 48.4%).

Of 90 patients; 39 had an isolated medial meniscus tear
(43.4%), 6 had an isolated lateral meniscus tear (6.7%), 10
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had tears of both menisci (11.1%), and 35 patients had no
meniscal tear (38.9%). The meniscus tear was most com-
monly seen in the medial meniscus (n = 49, 54.4%), and the
most common tear location of the medial meniscus was the
posterior horn, followed by the body. Also, there were no
differences between partial tear and complete tear groups
regarding meniscal, articular cartilage, MCL, LCL, and PCL
lesions in MR imaging (p > 0.05 for all). There were no sig-
nificant correlations between the type of an ACL tear and
other lesions accompanying ACL tear (p > 0.05 for all).

Table 2. Comparison of the groups according to the type of anteri-

or cruciate ligament (ACL) tear by magnetic resonance (MR)
imaging

Total  Partial tear Complete tear

(n=90) (n =26) (n=64) P
Age
Mean ¢ SD 272+79 289+82 265+ 78 0.25
Median (min-max) 275(15-54) 29 (15 - 54) 25(16 - 54)
Sex
Male, n (%) 80 (88.9) 22 (84.6) 58 (90.6) 0.47
Female, n (%) 10 (11.1) 4 (15.4) 6 (9.4)
Level of sports activity
Recreational, n (%) 67 (74.4) 23(88.5) 44 (68.8) 0.05
Professional, n (%) 23 (25.6) 3(11.5) 20 (31.3)
Sports discipline
Football, n (%) 59 (65.6) 16 (61.5) 43 (67.2) 0.61
Others, n (%) 31(34.4) 10 (38.5) 21(32.8)
Injury side
Right, n (%) 50 (55.6) 15 (57.7) 35(54.7) 0.79
Left, n (%) 40 (44.4) 11 (42.3) 29 (45.3)

DISCUSSION

Studies have shown that isolated ACL tears are scarce and ACL te-
ars mostly seen with accompanying menisci, articular cartilage,
and collateral ligament injuries (4,10,11). In this study, we aimed
to assess the relationship between the type of an ACL tear and de-
mographic factors, injury characteristics, and concomitant injuri-
es. Preceding studies to date have assessed the relationship bet-
ween ACL tears and other related injuries without evaluating the
ACL tear as partial or complete. Therefore, according to our cur-
rent knowledge, the lack of studies assessing the relationship bet-
ween the type of an ACL tear, as partial or complete, and demog-
raphic factors, injury characteristics, and concomitant injuries
make our findings significant. Additionally, the fact that the rele-
vant results were obtained from patients who applied to the out-
patient clinic for 2.5 years was another important point of our
study. Our findings regarding the overall incidence of injuries ac-
companying ACL rupture were in line with the rates in the literatu-
re (3-7).

Football was the most common sports discipline not only in total
(65.6%) but also in partial tear (61.5%) and complete tear (67.2%)
groups. Similarly, in a study evaluating the patient demographics
and injury patterns at the time of ACL reconstruction by activities
that lead to ACL injuries, Granan et al. found football as the le-
ading sport which was associated with ACL injuries (14). The posi-
tion of the player in football as on offense or defense, the action of
the player as heading, passing, receiving the ball or tackling have
an impact on the risk of ACL injury (15). The fact that there are
many defensive and tackling maneuvers in football might explain
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why football was the most common sport discipline in patients
with ACL tears (15).

Table 3. Knee MR imaging findings of the patients diagnosed with anterior cruciate ligament (ACL) tear

Meniscal tear

Posterior horn tear
Anterior horn tear
Body tear
Posterior horn tear
Anterior horn tear
Body tear

Medial Meniscus
(n = 49)

Lateral Meniscus
(n=16)

Articular cartilage damage
MCL sprain

LCL sprain

PCL sprain

Total Partial tear Complete tear
(n=90) (n = 26) (n=64) P
55 (61.1) 13 (50) 42 (65.6) 017
38 (42.2) 8(30.8) 30 (46.9) 0.16
6(6.7) - 6(9.4) 018
10 (11.2) 2(77) 8 (12.5) 0.72
13 (14.4) 2(77) 11 (17.2) 0.33
5(5.6) - 5(7.8) 0.32
2(2.2) 2(77) - 0.08
41 (45.6) 10 (38.5) 31(48.4) 0.39
11 (12.2) 2(77) 9 (141 0.5
1(11) - 1(1.6) > 0.99
1(11) 1(3.8) - 0.29

Data were presented as number (%). LCL: lateral collateral ligament, MCL: medial collateral ligament, MR: magnetic resonance, PCL: posterior cruciate ligament

When we examined the incidence of meniscus injury, we found
that more than half of the patients (54.5%) had a medial meniscal
tear, and the most common tear location of both the medial and
lateral menisci was the posterior horn. These findings were con-
sistent with the literature (4). The medial meniscus thought to be
a secondary stabilizer of the knee after ACL against the anterior
displacement of the tibia, therefore, it is subjected to anterior-pos-
terior shear forces (4). High incidence of medial meniscus injury is
most likely associated with ACL injury due to this feature.

We did not find a significant difference in terms of the incidence
of menisci, articular cartilage, MCL, LCL, and PCL injuries associ-
ated with ACL tear between the partial tear and the complete tear
groups. Disruption of ACL might eventually cause associated inju-
ries, leading to changes in knee kinematics due to instability in
the joint (8,9). Mechanical instability in the knee of patients with
a partial tear is thought to be rather small than a complete tear (9).
In a study, Fayard et al. assessed the risk factors for a partial ACL
tear progressing to a complete tear (16). The authors included 41
patients, who were active in sport and diagnosed with a partial
ACL tear, with no concomitant meniscal or chondral lesions on
MR imaging. They found that a partial ACL injury progressed to a
complete ACL tear in 39% of patients, with half of the complete
tears presenting with a concomitant meniscal lesion at the time of
reconstruction. In light of the findings of our study and Fayard et
al. (16), the impairment of knee biomechanics in ACL tear seems
to lead the accompanying injuries in the chronic period rather
than acute. Therefore, the similar incidence rates of ACL-related
injuries among study groups might be explained by the inclusion
of only patients with an acute ACL injury in our study.

Our study has some limitations. First, we did not have data on the
lower extremity biomechanics of the participants, so we were not
able to include these variables in the analysis. It is known that va-
rious mechanisms, such as lower limb alignment and load distri-
bution might affect the frequency of meniscal tears in particular
(4,17). Hence, conducting epidemiological studies involving bi-
omechanical analysis will deepen our understanding of this sub-
ject. Secondly, although all patients were active in sports, their ac-
tivity levels were not recorded. Further prospective studies inclu-
ding the aforementioned variables might provide a better unders-
tanding of the relationship between grade of ACL tear and the re-
lated injuries.

CONCLUSION

We found foothall as the leading sport discipline associated with
ACL injuries. The most common accompanying injury was the me-
niscal tear, followed by articular cartilage damage. The meniscal
tear was most commonly seen in the medial meniscus, and the
most common tear location was the posterior horn. We found si-
milar incidence rates of menisci, articular cartilage, MCL, LCL,
and PCL injuries associated with ACL tear among the partial ACL
tear and the complete ACL tear groups.
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