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Risk factors of young males with physically
demanding occupations having accumulated damage

of anterior cruciate ligament
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Objective: To present the clinical characteristics of accumulated anterior cruciate ligament (ACL) damage among
young male patients undergoing routine exercise, and to evaluate the related risk factors.

Methods: A retrospective study involving ACL-accumulated damage from June 2015 to December 2019 was
conducted. Baseline characteristics, such as age, body mass index (BMI), training parameters, and clinical signs,
were recorded. The results of the radiologic examinations and related standardized tests were obtained to evaluate
the research outcomes. These results were compared using Student’s t-test or Chi-square test, and the impact of risk
factors on the patient’s injury were analyzed.

Results: A total of 86 men with accumulated ACL damage were included in this study. Exercise pain (86 [100%]),
synovitis (80 [93.0%]), and intra-articular effusion (79 [91.9%]) were the most common clinical symptoms. Loosening
of ligaments, decreased tension, mild hyperplasia, and intercondylar fossa effusion were observed using radiography,
magnetic resonance imaging, and arthroscopy. Age, BMI, training intensity, length of training, and knee hyperextension
were identified as risk factors for accumulated ACL damage.

Conclusion: This study suggests that accumulated ACL damage has differentiated clinical symptoms, imaging fea-
tures, and risk factors compared to common ACL injuries.
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Introduction

The anterior cruciate ligament (ACL) injury is a typical
intra-knee lesion, particularly in military personnel and

athletes.1 ACL lesions are non-contact injuries that are
closely related to the deformation of the knee joint during
exercise. More than 70% of ACL lesions are caused by the
participants’ physical actions, such as rapidly changing direc-
tions or twisting the knee joint when jumping to the ground.
The annual incidence of ACL lesions among the athlete popu-
lation is 0.06–3.70 cases per 1000 h of competition with acute
ACL lesions being the most common type of ACL injury.2

According to data from the US Centers for Disease Control

and Prevention, approximately 100,000 ACL reconstruction
operations are performed each year, ranking sixth among the
most common types of surgeries in the United States.

Most chronic ACL lesions develop from the acute form
caused by undiagnosed or untreated trauma and then turn into
long-term meniscal and cartilage injuries.3,4 The common non-
contact ACL injury is due to accidental or traumatic ACL rup-
ture caused by fatigue training. The present study found not
ACL rupture but degenerative changes such as chronic laxity
and creep of the ACL induced by intense and long-term
trainingin physical training populations, such as military and
police officers. Primarily, we assume this is a chronic, insidious
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ACL accumulated damage, which is another type of ACL
lesion classified by time rather than acute or chronic. There are
6810 active athletes in China, including 3983 males and 2827
female athletes. Among various types of sports injuries, the
incidence of ACL lesions is as high as 0.47. The sport that cau-
sed the most ACL damage was basketball, followed by football,
and young people accounted for 75.5% of the injured.5

Staging for cruciate ligament lesions can be divided
into contact and non-contact lesions, according to the
cause.6 In addition, the lesions can be classified as tendon-
bone interface lesions at ligament insertion, avulsion frac-
tures, and ligament body fractures.7 These patients
manifested with symptoms of knee pain, mild instability, and
abnormal magnetic resonance imaging (MRI) during exer-
cise. Furthermore, existing evidence shows that neuromuscu-
lar fatigue can compromise athletes’ performance and
increase the anterior tibial translation, leading to diminished
exercise endurance and escalating the risk of ACL lesion.8

Although fatigue classifications upon population undergoing
routine exercise were reported in previous studies,9–11 related
evidence with regard to clinical characteristics is lacking.

Therefore, this study aimed to present the clinical
characteristics of accumulated ACL damage among young
male patients that have a history of routine exercise, and to
evaluate its related risk factors.

Materials and Methods

Inclusion and exclusion criteria
The inclusion criteria were as follows: (i) demonstrated his-
tory of routine exercise (more than 5 years); (ii) no history
of severe knee trauma and swelling; (iii) primary symptom
of knee pain or buckling when standing or exercising;
(iv) history of intense training experiences, such as long-
distance running, high jump, obstacle training, and competi-
tive sports; and (v) aberrant ACL signal confirmed by MRI.

Patient data and ethics statement
This study was approved by the Ethics Review Board of our
institution. Data of patients between June 2015 and
December 2019 from the authors’ hospital orthopedic clinic
database were retrospectively reviewed, and 86 patients were
selected who had undergone treatment for knee pain or knee
instability during training.

Definition of ACL accumulated damage
While common ACL injury occurs when an excessive ten-
sion force is applied on the ACL immediately, accumulated
ACL damage occurs when a person generates extreme pres-
sures at the knee during routine exercise, spreading long-
term loading and triggering chronic injury of the ACL.

Patients with accumulated ACL damage without exter-
nal trauma were admitted, and shared typical symptoms,
such as knee pain, knee instability, and abnormal ACL sig-
nals on MRI (Fig. 1).

Clinical assessment and outcome measures
The study consent form collected baseline characteristics,
including age, body mass index (BMI), training exercise, and
training intensity. Clinical symptoms were defined based on
the type of knee pain, anterior drawer test (ADT), and
Lachman test.12 Imaging features presented by plain radiog-
raphy, MRI, and arthroscopy were also included for assess-
ment. All participants were evaluated using the Lysholm
questionnaire, which is the gold standard for clinical
follow-up.13

Statistical analysis
First, a descriptive analysis of the data was carried out. Con-
tinuous variables of normal distribution were expressed as
mean � standard deviation, and Student’s t-test or Chi-
square test was used to compare each group. The impact of
risk factors on the patients’ injury was analyzed using a

A

B

Fig. 1 (A) The normal ligaments have glossy surface, full of vascular

descent, uniform thickness of AM and PL beams, no yellow synovial

membrane at the femoral stopping point, good tension observed by the

probe, and unable to be lifted; (B) ACL accumulated damage presented

dark and thinning of the ligament, mild atrophy, as well as

compensatory synovial hyperplasia at the femoral insertion point. Since

the tension is significantly reduced, the ligament can be easily lifted by

the probe
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logistic regression model. Statistical significance was set at
P < 0.05. All statistical analyses were conducted using the
SPSS software (version 18.0, IBM, Armonk, NY, USA).

Results

General results and clinical symptoms
A total of 86 male patients were involved in this study, with
an average age of 28 � 2.32 years and an average BMI index
of 25.43 � 2.93 kg/m2. There were 59 patients with left knee
lesions and 27 patients with right knee lesions. Exercising

pain (86 [100%]), synovitis (80 [93.0%]), and intra-articular
effusion (79 [91.9%]) were the most commonly observed
clinical symptoms (Fig. 2).

Imaging features
While MRI showed weakened tension and uniform thicken-
ing of the ACL in the adjacent layers of the intercondylar
fossa (Fig. 3), plain radiography revealed mild proliferation
of the tibial intercondylar spine (Fig. 4). Arthroscopic

Fig. 2 Clinical symptoms

Fig. 3 Effusion shadow was observed in intercondylar fossa of knee

joint; we observed decreased tension, increased diameter (yellow

arrow), tortuous posterior cruciate ligament, and intercondylar fossa

effusion (red arrow)

Fig. 4 The X-ray showed mild hyperplasia of intercondylar spine
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examination revealed injury to the insertion site of the pos-
terolateral bundle and relaxation of the ligament (Fig. 5).

Risk factors
There were 41 cases of patients younger than 30 years that
scored 58.2 � 9.5 which is significantly higher than the other
45 patients that were older than 30 years that scored
47.3 � 6.8. There were 20 cases with a training intensity of
less than 15 h/week that scored significantly higher

(60.3 � 8.4) than the other 32 cases (15–25 h/week)
(52.3 � 7.5) and 34 cases (25+ h/week) with greater training
intensity. The comparisons of BMI, training experience, and
knee hyperextension are shown in Table 1.

Discussion

Clinical manifestation of ACL accumulated damage
The etiological features included long-term routine exercise
or a history of no serious trauma. The histogram display
mainly shows pain during exercise, a positive Lachman test,
and MRI changes in the clinical manifestation. Accumulated
ACL damage presents as a small amount of effusion in the
joints combined with synovitis on MRI. The ACL signal pri-
marily manifests as thinning, thickening, tension change,
etc., and can also incorporate the adaptive change of the
PCL. We believe that thinner ACLs tend to be injured at the
same training intensity, which leads to blurred ACL edges
and changes in tension. In addition, partial ACL damage
leads to changes in the biomechanical structure of the joint,
which causes synovitis and joint effusion. Further research
on changes in images of accumulated ACL damage will be
conducted by our team in the near future.

Some research has pointed out that fatigue could cause
acute ACL lesion,14–22 but the definition of ACL accumu-
lated damage has not been revealed entirely from the aca-
demic field. Not until 2013 did Ashton-Miller’s
biomechanical study based on a knee model demonstrate
through human cadavers that repetitive pressure jumping
could lead to cruciate ligament non-contact injury. Still,
Miller’s research is limited to the biomechanical field, not
involving clinical research.23,24 For two cases, arthroscopy
surgery was performed, and it was concluded that ACL accu-
mulated damage without trauma history manifested as liga-
ment relaxation and partial femoral end damage.

Risk factors of ACL accumulated damage
The causes of accumulated ACL damage are still under
investigation. However, there are many factors that can
explain the development of ACL lesions. For example,
Dhillon et al.’s analysis of cross-ligament injuries at risk for
mechanoreceptor changes suggests that the number of mech-
anoreceptors is related to the duration of the ligament lesion
and that the longer the damage, the fewer the mechanore-
ceptors. Thus, the signal receptors on the ligament surface
suggest the existence of an abundance of mechanical recep-
tors on the ACL surface, especially at the ligament endpoints
and synovial folds.25,26 Reviewing the literature and clinical
observations, we argue that fatigue can weaken muscle
strength around the knee joint and diminish the dynamic
stability of the knee. The static stability of the knee is subject
to ligament stands outranged by tension, deforming liga-
ments, and decreasing mechanical receptors. Eventually, a
chronic ACL lesion develops.

Swanik et al. also reported that athletes maintained a
slow response and a slower processing speed in the non-

TABLE 1 Comparisons of functional results

Variables n
Lysholm
score

t or χ2

value p value

Age 23.134 <0.001
Under 30 41 58.2 � 9.5
Over 30 45 47.3 � 6.8

Training intensity (per week) 45.341 <0.001
≤15 h 20 60.3 � 8.4
15–25 h 32 52.3 � 7.5
≥25 h 34 45.6 � 9.2

BMI (kg/m2) 54.234 <0.001
<25 42 63.3 � 5.7
≧25 44 47.1 � 8.9

Training experience 28.134 <0.001
<3 years 50 56.1 � 7.6
≥3 years 36 49.3 � 8.5

Knee hyperextension (≥5�) 32.144 <0.001
Yes 45 46.8 � 5.6
No 41 53.1 � 7.7

Fig. 5 The shrinking and loosening ligament from arthroscopic view
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contact ACL lesion group than in the control group.19 From
the cases we encountered in the clinic, including an individ-
ual patient with accumulated ACL damage, all of them had
experienced long-term, high-intensity training. In addition,
warm-up preparation before training, fatigue recovery status
between training intervals and after training, and stretching
movements lack scientific guidance. More reports have con-
firmed that in a fatigued state, neuromuscular control is
diminished, and ligament tension and joint pressure are
altered, which increases the risk of cruciate ligament
rupture.27,28

Furthermore, another theory states the cruciate liga-
ment will gradually degenerate with knee osteoarthritis
development as age grows, accompanied by decreasing ACL
function and knee proprioception.29 The cruciate ligament
degeneration is mainly associated with inflammation, an
active, cell-mediated extracellular matrix reduction, and rem-
odeling.30 Therefore, the deterioration of ligaments and the
weakening of proprioception of knee joints will promote the
further development of osteoarthritis, which complement
each other.31 This theory could also explain our finding that
ACL accumulated damage is more common in sporty people
over 30 while rare in patients under 25.

Our findings are consistent with those of previous
studies in which defective ACL development, intercondylar
fossa abnormalities, BMI, sex, and polyarticular laxity were
risk factors for ACL injuries.32–37

Limitations
This report has several limitations. First, the evaluation of
degree of fatigue may not be completely accurate because of
the complexity of qualifying fatigue. Second, the content and
intensity of the training varied according to the patients’
occupation. Finally, the sample size was small as this study
was a preliminary clinical observation. A controlled study with
a sizable population is needed to confirm this conclusion.

Conclusions

In this study, accumulated ACL damage presented differen-
tiated clinical symptoms, imaging features, and risk factors

compared to common ACL injuries.
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