Shin et al. Annals of Occupational and Environmental Medicine (2016) 28:56
DOI 10.1186/s40557-016-0143-y

RESEARCH ARTICLE

Open Access

Risk factors for lesions of the knee menisci
among workers in South Korea’s national
parks
Donghee Shin1, Kanwoo Youn1*, Eunja Lee2, Myeongjun Lee1, Hweemin Chung1 and Deokweon Kim3

Abstract
Background: This study was designed to investigate the prevalence of the menisci lesions in national park workers
and work factors affecting this prevalence.
Methods: The study subjects were 698 workers who worked in 20 Korean national parks in 2014. An orthopedist
visited each national park and performed physical examinations. Knee MRI was performed if the McMurray test or
Apley test was positive and there was a complaint of pain in knee area. An orthopedist and a radiologist respectively
read these images of the menisci using a grading system based on the MRI signals. To calculate the cumulative
intensity of trekking of the workers, the mean trail distance, the difficulty of the trail, the tenure at each national
parks, and the number of treks per month for each worker from the start of work until the present were investigated.
Chi-square tests was performed to see if there were differences in the menisci lesions grade according to the variables.
The variables used in the Chi-square test were evaluated using simple logistic regression analysis to get crude odds
ratios, and adjusted odds ratios and 95 % confidence intervals were calculated using multivariate logistic regression
analysis after establishing three different models according to the adjusted variables.
Results: According to the MRI signal grades of menisci, 29 % were grade 0, 11.3 % were grade 1, 46.0 % were grade 2,
and 13.7 % were grade 3. The differences in the MRI signal grades of menisci according to age and the intensity of
trekking as calculated by the three different methods were statistically significant. Multiple logistic regression analysis
was performed for three models. In model 1, there was no statistically significant factor affecting the menisci lesions. In
model 2, among the factors affecting the menisci lesions, the OR of a high cumulative intensity of trekking was 4.08
(95 % CI 1.00–16.61), and in model 3, the OR of a high cumulative intensity of trekking was 5.84 (95 % CI 1.09–31.26).
Conclusion: The factor that most affected the menisci lesions among the workers in Korean national park was a high
cumulative intensity of trekking.
Keywords: National park workers, Knee, Menisci lesions, Trekking, MRI

Background
There are 21 national parks and 583 trails in South
Korea, and annual visitors to these trails have increased
from 40,958,773 in 2012 to 46,931,809 in 2013. To support visitors accounting for the entire population of
South Korea, 1,105 national park workers patrol the
trails and perform disaster prevention, safety management, visitor guidance, and rescue duties [1]. National
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park workers perform their work in nature itself owing
to the work characteristics and are exposed to various
safety and health hazards. Particularly, because they
climb trails that are not level and their duties include
weeding, pruning, installing or repairing equipment, and
transporting rescued people, the incidence of workrelated musculoskeletal disease may be high. However,
previous reports are limited to the incidence of musculoskeletal symptoms of national park visitors and mountain climbers [2, 3], and there is a lack of research about
the musculoskeletal diseases of national park workers
who are more consistently exposed to danger than
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visitors or climbers. In one study about the association
between musculoskeletal subjective symptoms and the
type of work [4], 61.7 % of national park workers were
symptomatic, a higher proportion than that of automobile industry workers (37.8 %) or aircraft maintenance
mechanics (25.8 %) [5, 6]. Furthermore, considering that
in a study of male professional climbers, 46 % had subjective musculoskeletal symptoms [7], the incidence of
musculoskeletal diseases is high in national park
workers, who climb more often than professional
climbers. Considering the incidence of musculoskeletal
symptoms according to body part, it is highest in legs/
knees (38.3 %), followed by shoulders (32.8 %), waist
(25.8 %), hands/wrists/fingers (18.0 %), arms/elbows
(13.3 %), and neck (12.5 %).
National park workers are always exposed to the risk
of musculoskeletal diseases owing to the nature of their
work, and particularly, the incidence of musculoskeletal
symptoms in the knee area is high. However, there is a
lack of evaluation regarding the association between specific work factors and musculoskeletal diseases using objective tests rather than complaints of subjective
symptoms. This study investigated the prevalence of menisci lesions in knees, which had a high rate of subjective
musculoskeletal symptoms among body parts, in national park workers using magnetic resonance imaging
(MRI). Moreover, demographic factors as well as work
factors related to the menisci lesions were investigated
through a survey. The menisci play a pivotal role in knee
functions such as load sharing, pressure absorption, contact stress reduction, and safety maintenance [8], and
evaluation of the menisci is important in knee diseases
caused by chronic loads on the knees [9]. Therefore, menisci evaluation would be helpful in studying musculoskeletal disease of knees in national park workers.
This study was designed to investigate the prevalence
of the menisci lesions in national park workers and work
factors affecting this prevalence.

Method
Study population

The study subjects were 698 workers whose tenure was
longer than 7 years among 1,105 workers who worked in
20 Korean national parks in 2014 (excluding Hallasan
National Park managed by Jeju Special Autonomous
Province). An orthopedist visited each national park and
performed history taking and physical examinations. The
subjects with knee symptoms and positive signs in
McMurray test or Apley test were taken knee MRI scan.
The knee MRI was performed in 124 national park
workers.
All study subjects were informed of the purpose of this
study. The subjects were consented to participate under
the 'Ethics, consent & permissions' heading and to
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publish to report individual patient data. This study was
approved by the Ethics Committee of Wonjin Institute
for Occupational and Environmental Health. The reference number is IRB-2016-001.
Study methods
Questionnaire survey

Demographic information such as sex, age, body mass
index (BMI), smoking, alcohol drinking, regular exercise,
and leisure activity as well as work-related factors such
as tenure, overtime labor, holiday use, and the trekking
times were investigated through a survey. Subjects were
also asked whether they performed stair flight and kneeling movements within the past month and about previous knee injuries, previous knee pain, and past medical
history.
High-signal grading of the menisci on knee MRI

Knee MRI was performed on 124 workers from November
2014 to February 2015. The MRI was taken to the workers
with knee symptoms and positive physical examination.
This study used 1.5 Tesla MRI (Philips MRI system,
Achieva, Netherlands) and a knee joint coil, and measurement was conducted in the supine position with knee joint
extension. The workers were examined using a standard
six-sequence MRI protocol (axial, coronal, and sagittal
T2-weighted Turbo Spin Echo (TSE) sequence; coronal
proton density-weighted spectral presaturation with inversion recovery sequence; and coronal and sagittal proton
density-weighted TSE sequence).
An orthopedist and a radiologist respectively read
these images of the menisci of the knee joint using a
grading system (grade 0–3) based on the MRI signals described by Crues et al. [10]: grade 0, no high signal in
the menisci; grade 1, irregular type of high signal in the
menisci; grade 2, linear type of high signal in the menisci; and grade 3, extension of high signal to the margin
of the menisci. If the MRI scan area contained both
knees, we used the result of the menisci with higher
MRI signal grade as the dependent variable in the readings on the knees of the subjects.
Cohen’s kappa coefficient was calculated to evaluate
consistency between readers. According to Viera AJ et
al., a kappa coefficient of 0.61–0.80 means substantial
agreement, indicating high consistency between two
readers [11]. The kappa coefficient of the results read by
two readers in this study was 0.622, corresponding to
substantial agreement. If some knee MRI signal grade by
the two readers did not match each other, the final judgment for the grade was determined under the agreement
of them.
The grade 0 is no MRI high signal. The grade 1 is
irregular MRI signal change in the menisci, not linear
transformation [12]. In the case of grade 1, even if patients
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have symptoms on their knees, some surgery isn’t required. The diffuse degenerative process for this grade 1 is
mainly observed in the arthroscopy as well. The study of
Crues et al. classified the grade 1-2 in MRI signal of menisci as no torn, and the grade 3 was only as torn. Of
course most radiologists interpret grade 3 as a tear of menisci, and more than 90 % of grade 3 signal require a procedure or surgery [13]. To mention of grade 2, however,
the grade with knee symptoms can be observed the intrasubstance tear in the arthroscopy may require some surgery of menisci [14]. Moreover, in approximately 10 % of
grade 2 signal, some tear of menisci can be seen on arthroscopy, which tends to be underestimated as it is usually
on the posterior horn of the medial menisci [15, 16]. Accordingly, we judged that the classification between the
grade 1 and grade 2 should be separated.
Finally, the grade 0 without MRI high signal and the
grade 1 with irregular MRI signal change which may
have diffuse degenerative process through arthroscopy
were categorized to the same group. Meanwhile, the
grade 2-3 with ‘the menisci tear’ in arthroscopy was classified as the other group, which may require surgery.
Classification according to location, site, and type of
menisci tear

We investigated the classification of menisci tear according to location (medial and lateral), site (anterior horn,
body, and posterior horn), type (longitudinal, horizontal,
radial, and complex), and other factors (discoid menisci
and root tear) of the tear among the subjects. If the location and the site of menisci tear were multiple regions,
we only described and classified for the region that had
more severe damage in the menisci. It may need detail
descriptions for the menisci tear in order to find out the
cause of occurrence of the tear.
Calculation of the cumulative intensity of trekking

To calculate the cumulative intensity of trekking of national park workers, the mean trail distance (km), the difficulty of the trail, the tenure at each national park
(months), and the number of treks per month for each
worker from the start of work until the present were investigated. The Korea National Park Service (KNPS) investigated the degree of the slope, width, distance, and road
surface conditions for 1700 km of trails in national parks
from 2011 to 2013 using Global Positioning System (GPS)
measurements [17]. Based on this information, this study
estimated the mean trail distance and the difficulty of the

Fig. 1 How to calculate the intensity of trekking
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trails of the affiliated national parks. Also, information
about the workplace and tenure (years) of workers was
provided by the KNPS, and the mean trekking times per
month in the corresponding parks were investigated
through a self-administered survey.
Based on the above data, the intensity of trekking was
defined in three ways as shown in Fig. 1. The first
method defined the intensity of trekking as the worker’s
tenure at the affiliated national park, whereas the other
two methods also took into consideration other factors
such as distance and difficulty of trails. The intensity of
trekking was calculated using the three methods for each
national park, and the intensity of trekking of national
parks workers from the beginning of their employment
until 2014 was summed to calculate the cumulative intensity of trekking.
The cumulative intensity of trekking 1 was divided
into two groups based on the tenure 17 years. 17 years
was the average tenure of the workers in KNPS. Each
cumulative intensity values of trekking 2 and 3 were divided into three parts by the two points on the basis of
33 % and 66 % of the distribution and they were classified into three groups: low, medium, high.
Statistical analysis

First, we performed Chi-square tests to see if there were
differences in the menisci lesions grade according to
general characteristics (sex, age, BMI, smoking, alcohol
drinking, regular exercise, previous knee injury, previous
knee pain, and past medical history), occupational characteristics (overtime labor, holiday use, physical burden
of work, and stair flight and kneeling movements), the
classification of menisci tears, and the three ways of calculating the cumulative intensity of trekking.
Second, we evaluated the variables used in the Chisquare test using simple logistic regression analysis, and
the crude odds ratio (OR) as well as 95 % confidence
interval (CI) of the menisci lesions were calculated.
Finally, adjusted ORs and 95 % CIs were calculated
using multivariate logistic regression analysis after establishing three different models according to the adjusted
variables: model 1, adjusted for general and occupational
characteristics and tenure; model 2, adjusted for general
and occupational characteristics and the cumulative intensity of trekking 2; and model 3, adjusted for general
and occupational characteristics and the cumulative intensity of trekking 3.
The significance level was set to <0.05.
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Results
Characteristics of study population

The subjects of this study were mainly male, accounting
for 93.5 %, and the mean age was 45.5 years. Less than
half (39.5 %) of the workers had a BMI of ≥25 kg/m2;
48.4 % drank alcohol more than once a week, and
74.2 % were current smokers; 87.9 % regularly exercised
more than once a week, and 37.9 % engaged in physical
activities for leisure at least twice a week; 54 % had 7 to
<17 years of tenure, and 46 % had ≥17 years. Moreover,
18.5 % of national park workers responded that they
considered their workload was intolerable (Table 1).
Within the past month, 25.8 % of workers climbed
more than two stairs (height 36 cm) at least 20 times on
average per day, and 19.4 % kneeled for at least 2 h. According to the cumulative intensity of trekking 2, 32.3 %
were classified as low, 44.34 % as medium, and 23.4 % as
high. According to the cumulative intensity of trekking
3, 33.9 % were classified as low, 52.4 % as medium, and
13.7 % as high.
In addition, 27.4 % of workers had previous knee injuries related to exercise, 37.1 % had traumatic knee injuries, and 50.8 % had work-related knee injuries.
Furthermore, 82.3 % had previous knee pain, and 30.6 %
of all workers had underlying.
The relationship between characteristics and MRI high
signal of menisci

We had taken the knee MRI to 124 subjects. 47.6 % of
the MRI scan area were the left leg, 48.4 % were the
right leg, and 4 % were the both legs.
According to the MRI signal grades of menisci, 29 %
were grade 0, 11.3 % were grade 1, 46.0 % were grade 2,
and 13.7 % were grade 3. Moreover, 59.7 % of workers
undergoing knee MRI had grade 2 or higher menisci lesions. If the MRI scan area were both legs, we used the
relatively higher grade result in this study.
We investigated the classification of menisci tear according to location, site, type, and other factors of the
tear. 40.3 % in the total subjects were no menisci tear.
For them with the menisci tear, 17.8 % were the lateral
menisci tear and 41.9 % were the medial menisci tear.
The posterior horn tear was the most common sites of
menisci and the body tear was the lowest. Considering
of the type of menisci tear, 23.4 % were the radial tear,
34.7 % were the horizontal tear, and 1.6 % were the complex tear. However, the workers with cyst, discoid menisci, menisci root tear, and longitudinal tear weren’t
found in this study.
We investigated whether there were differences in the
MRI signal grades of menisci according to demographic
differences and differences in work characteristics. There
was no difference according to sex. However, there was
a statistically significant difference according to age, with
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the grade 2 or higher found in 69 % of workers aged 45
or older but in only 51.5 % of workers younger than 45
(P < 0.05). There were no differences in the MRI signal
grades of menisci according to demographic characteristics such as BMI, smoking, alcohol drinking, regular exercise, and leisure activities. There was no significant
difference with respect to overtime labor and holiday
use. Regarding the physical burden of work, those who
reported walking up stairs and kneeling within the past
month had more lesions of grade 2 or higher, but the
difference was not statistically significant. There were no
differences in the MRI signal grades of menisci according to previous injuries. There was also no statistically
significant in the analysis considering the factors such as
the location, the site, and the type of menisci tear.
According to the intensity of trekking 1, which was
based only on the tenure, the prevalence of grade 2 or
higher menisci lesions was 71.9 % in those with ≥17 years
tenure, which was greater than the 49.2 % prevalence in
those with <17 years tenure. According to the intensity
of trekking 2, for which the distance of trails as well as
frequency of trekking in addition to tenure was considered, the prevalence of grade 2 and higher menisci lesions was 75.9 % in the high group, which was higher
than that in the medium (60 %) and low (47.5 %) groups.
According to the intensity of trekking 3, for which the
difficulty of trails was additionally considered, the prevalence of grade 2 and higher menisci lesions was 82.4 %
in the high group, which was higher than that in the
medium (63.1 %) and low (45.2 %) groups. The differences in the MRI signal grades of menisci according to
the intensity of trekking as calculated by the three different methods were statistically significant (P < 0.05)
(Table 1).
Table 2 shows the crude ORs for the MRI signal grades
of menisci. Regarding the demographic factor that affected
the menisci lesions, the crude OR of age was 2.09 (95 %
CI 1.00–4.37). Regarding the intensity of trekking, which
affected the MRI signal grade of menisci, the crude OR of
the cumulative intensity of trekking 1 was 2.64 (95 % CI
1.25–5.59), the crude OR of the cumulative intensity of
trekking 2 was 3.47 (95 % CI 1.21–9.96) in the high group,
and the crude OR of the cumulative intensity of trekking 3
was 5.65 (95 % CI 1.41–22.61) in the high group (Table 2).
To compare the effects of demographic factors with
work-related factors on the occurrence of menisci lesions,
multiple logistic regression analysis was performed for
three models. In model 1, there was no statistically significant factor affecting the menisci lesions. In model 2,
among the factors affecting the menisci lesions, the OR of
a high cumulative intensity of trekking was 4.08 (95 % CI
1.00–16.61), and in model 3, the OR of a high cumulative
intensity of trekking was 5.84 (95 % CI 1.09–31.26). Other
factors did not show statistical significance (Table 3).
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Table 1 Characteristics of the subjects and the study populations by MRI signal grade of menisci (N = 124)
Variables

Number of subjects
N

%

MRI signal grade of meniscia
Grade 0-1

Grade 2-3

N (%)

N (%)

P-value*

General characteristics
Sex

Age (year)
Body mass index (BMI) (kg/m2)

Smoking

Alcohol drinking

Regular exercise
Leisure activityb

Previous exercise-related knee injury

Previous accident-related knee injury

Previous work-related knee injury

Previous knee pain
Past medical historyc

Male

116

93.5

48 (41.4)

68 (58.6)

Female

8

6.5

2 (25.0)

6 (75.0)

<45

66

53.2

32 (48.5)

34 (51.5)

≥45

58

46.8

18 (31.0)

40 (69.0)

<25

75

60.5

31 (41.3)

44 (58.7)

≥25

49

39.5

19 (38.8)

30 (61.2)

Never or past

32

25.8

11 (34.4)

21 (65.6)

Current

92

74.2

39 (42.4)

53 (57.6)

<1 times/week

64

51.6

23 (35.9)

41 (64.1)

≥1 times/week

60

48.4

27 (45.0)

33 (55.0)

Once a week or more

109

87.9

46 (42.2)

63 (57.8)

Less than once a week

15

12.1

4 (26.7)

11 (73.3)

No

47

37.9

22 (46.8)

25 (53.2)

Yes

77

62.1

28 (36.4)

49 (63.6)

No

90

72.6

37 (41.1)

53 (58.9)

Yes

34

27.4

13 (38.2)

21 (61.8)

No

78

62.9

36 (46.2)

42 (53.8)

Yes

46

37.1

14 (30.4)

32 (69.6)

No

61

49.2

29 (47.5)

32 (52.5)

Yes

63

50.8

21 (33.3)

42 (66.7)

No

22

17.7

11 (50.0)

11 (50.0)

Yes

102

82.3

39 (38.2)

63 (61.8)

No

86

69.4

39 (45.4)

47 (54.6)

Yes

38

30.6

11 (28.9)

27 (71.1)

No

23

18.5

9 (39.1)

14 (60.9)

0.361

0.048

0.777

0.426

0.304

0.250

0.250

0.771

0.085

0.107

0.308

0.086

Occupational characteristics
Overtime labor

Yes

101

81.5

41 (40.6)

60 (59.4)

Holiday use

Yes

119

96.0

48 (40.3)

71 (59.7)

No

5

4.0

2 (40.0)

3 (60.0)

Physical burden of workd

Low

101

81.5

42 (41.6)

59 (58.4)

High

23

18.5

8 (34.8)

15 (65.2)

No

92

74.2

41 (44.6)

51 (55.4)

Yes

32

25.8

9 (28.1)

23 (71.9)

No

100

80.6

41 (41.0)

59 (59.0)

Yes

24

19.4

9 (37.5)

15 (62.5)

<17 years

67

54.0

34 (50.8)

33 (49.2)

Stair flighte
Kneelingf

The cumulative intensity of trekking 1
(= Tenure)

≥17 years

57

46.0

16 (28.1)

41 (71.9)

The cumulative intensity of trekking 2g

Low

40

32.3

21 (52.5)

19 (47.5)

Medium

55

44.3

22 (40.0)

33 (60.0)

High

29

23.4

7 (24.1)

22 (75.9)

0.897

0.988

0.548

0.103

0.754

0.010

0.019
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Table 1 Characteristics of the subjects and the study populations by MRI signal grade of menisci (N = 124) (Continued)
The cumulative intensity of trekking 3h

MRI scan area

MRI signal grade of meniscii

Location of menisci tear

Site of menisci tear

Type of menisci tear

Low

42

33.9

23 (54.8)

Medium

65

52.4

24 (36.9)

41 (63.1)

High

17

13.7

3 (17.6)

14 (82.4)

Left knee

59

47.6

Right knee

60

48.4

Both knees

5

4.0

0

36

29.0

1

14

11.3

2

57

46.0

3

17

13.7

No menisci tear

50

40.3

Lateral

22

17.8

Medial

52

41.9

No menisci tear

50

40.3

Anterior horn

11

8.9

Body of menisci

5

4.0

Posterior horn

58

46.8

No menisci tear

50

40.3

Longitudinal

0

0.0

Radial

29

23.4

Horizontal

43

34.7

Complex

2

1.6

19 (45.2)

0.006

a

Grading system based on the MRI signals decribed by Crues et al.
b
Leisure activities requiring physical activity, Two or more times per week
c
Rheumatoid Arthritis, Diabetes, Lupus disease, Gout, Osteoporosis, Menopause, Osteoarthritis, etc
d
Low : tolerable workload, High : intolerable workload
e
Last month an average of two more steps (36 cm) jump down the stairs at least 20 times for a day
f
More than 2 h a day for 1 month average
g
calculated with trail distance, employment period, trekking times
h
calculated with trail distance, employment period, trekking times, trail difficulty
i
All menisci were graded according to Crues JV II et al.: grade 0, no high signal in the menisci; grade 1, irregular type of high signal in the menisci; grade 2, linear
type of high signal in the menisci; grade 3, extension of high signal to the margin of the menisci
*
P-value by chi-squared test

Discussion
In this study investigating the menisci lesions of national
park workers based on the grading system described by
Crues et al., 59.7 % of the workers had the grade 2 or
higher in MRI signal of the menisci. In a study of 85
people aged 40 years or more evaluating the menisci lesions according to the same grading system as our study,
the incidence of grade 2 or higher lesions was 19.8 % in
subjects <60 years of age and 40.6 % in those ≥60 years of
age. In another study of 115 participants from a general
population between 13 and 78 years old, the incidence of
grade 2 or higher lesions was 28.2 %. Therefore, we found
that the prevalence of the menisci lesions is higher in national park workers than in the general population, perhaps because their walking distance is greater than that of
the general population owing to the nature of their work;
furthermore, their work involves walking repeatedly uphill
and downhill rather than on the level.

In this study, the cumulative intensity of trekking,
which accounts for the greater workload, rather than
demographic factors, in national park workers, statistically significantly increased the risk of the menisci lesions in multivariate regression analysis considering
both demographic and work-related factors. However, it
was difficult to find an article analyzing the effect of
trekking of national park workers or professional
climbers on the menisci lesions, but the burden of walking on the menisci could be estimated by evaluating the
association between walking and the menisci lesions in
nonprofessional long-distance runners. In a study of 26
nonprofessional long-distance runners who had at least
10 years of running experience with no previous history
of knee trauma or knee surgery, 23.1 % had grade 2 or
higher menisci lesions [18]. The reason the risk of menisci lesions was higher in national park workers was
supposedly frequent walking on uneven ground and
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Table 2 The relationship between characteristics and grade 2-3
in MRI high signal of menisci among workers in Korea national
park service (crude)

Table 2 The relationship between characteristics and grade 2-3
in MRI high signal of menisci among workers in Korea national
park service (crude) (Continued)

Variables

ORa (95 % CIb)

The cumulative intensity
of trekking 3

1

a

crude

General characteristics
Sex

Male
Female

2.12 (0.41 ~ 10.94)

Age (year)

<45

1

≥45

2.09 (1.00 ~ 4.37)

BMI

<25

1

≥25

1.11 (0.53 ~ 2.32)

Smoking

Never or past

1

Current

0.71 (0.31 ~ 1.65)

Alcohol drinking

<1 times/week

1

≥1 times/week

0.69 (0.33 ~ 1.41)

Regular exercise

Once a week or more

1

Less than once a week

2.01 (0.60 ~ 6.71)

Previous exercise-related
knee injury

No

1

Yes

1.13 (0.50 ~ 2.53)

Previous accident-related
knee injury

No

1

Yes

1.96 (0.91 ~ 4.23)

Previous work-related
knee injury

No

1

Yes

1.81 (0.88 ~ 3.75)

Previous knee pain

No

1

Yes

1.62 (0.64 ~ 4.08)

Past medical history

No

1

Yes

2.04 (0.90 ~ 4.62)

No

1

Yes

0.94 (0.37 ~ 2.38)

Yes

1

No

1.01 (0.16 ~ 6.30)

Low

1

High

1.34 (0.52 ~ 3.43)

No

1

Yes

2.05 (0.86 ~ 4.92)

No

1

Yes

1.16 (0.46 ~ 2.90)

The cumulative intensity
of trekking 1

<17 years

1

(= Tenure)

≥17 years

2.64 (1.25 ~ 5.59)

The cumulative intensity
of trekking 2

Low

1

Medium

1.66 (0.73 ~ 3.77)

High

3.47 (1.21 ~ 9.96)

Occupational characteristics
Overtime labor

Holiday use

Physical burden of work

Stair flight

Kneeling

Low

1

Medium

2.07 (0.94 ~ 4.55)

High

5.65 (1.41 ~ 22.61)

OR Odds Ratio
b
CI Confidence Interval

change of trekking pace owing to repeated uphill and
downhill walking. Trekking long-distance uneven trails
particularly stresses the knees of workers. Trekking
more than 2 miles (3.2 km) increases the menisci lesions by 1.8 times [19], and particularly, downhill trekking can result in great loads on the lower limbs
including knees and consequently increase the incidence of knee diseases [20].
Downhill trekking can cause loading on the knee joint,
and in a previous study, downhill trekking of an 11°
slope increased loading on the knee more than level
walking [21]. Also, Andriacchi et al. compared the peak
flexion moments of the lower limbs in various activities
of daily life and reported that walking down a staircase
caused four times more moment on the knee joint than
other parts of the body [22]. Winter et al. reported that
the peak knee joint moment increased by five times in
downhill compared with level walking [23]. In the
present study also, trail difficulty considering the slope
and surface condition of the ground was analyzed in
addition to other factors. In model 2, which did not take
trail difficulty into consideration, a high cumulative intensity of trekking increased the risk of menisci lesions,
but it increased even further by 5.84 times in model 3,
which considered trail difficulty. This indicates that not
only long-distance trekking but also the trail difficulty,
which includes repeated uphill and downhill trekking,
caused loading on the knees in national park workers
and is a risk factor for the menisci lesions.
The study of Coggon D et al. showed that kneeling
could increase the risk of knee disease. In their study
for 518 patients who were listed for surgical treatment
of knee, repetitive kneeling increased knee joint disease
by 1.8 times [24]. Also, in a study for 625 Swedish who
were engaged in works requiring frequent kneeling positions such as farming, forestry, construction industry,
the risk of knee joint disease increased by 2.1 times
compared with the general population of the same age
group [25]. However, in the present study, kneeling did
not statistically significantly increase the risk of menisci
lesions. It was considered that the increase of knee
loading due to specific positions such as kneeling was
not great because national park workers do not often
perform their work in this kind of position and trekking
for facility management as well as trekking information
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Table 3 The relationship between characteristics and grade 2-3 in MRI high signal of menisci among workers in Korea national park
service (Adjusted)
Adjusteda

Variables

Model Ib

Model IIc

Model IIId

OR (95 % CI)

OR (95 % CI)

OR (95 % CI)

1

1

1

General characteristics
Sex

Male
Female

3.71 (0.48 ~ 28.66)

3.80 (0.48 ~ 30.41)

3.41 (0.42 ~ 27.58)

Age (year)

<45

1

1

1

≥45

0.82 (0.19 ~ 3.63)

1.21 (0.46 ~ 3.17)

1.28 (0.51 ~ 3.21)

BMI

<25

1

1

1

≥25

1.14 (0.49 ~ 2.67)

1.26 (0.53 ~ 2.95)

1.25 (0.53 ~ 2.94)

Smoking

Never or past

1

1

1

Current

0.71 (0.26 ~ 1.98)

0.61 (0.21 ~ 1.74)

0.60 (0.21 ~ 1.72)

Alcohol drinking

<1 times/week

1

1

1

≥1 times/week

0.99 (0.43 ~ 2.25)

0.85 (0.36 ~ 1.99)

0.90 (0.39 ~ 2.12)

Regular exercise

Once a week or more

1

1

1

Less than once a week

2.78 (0.71 ~ 10.85)

2.76 (0.70 ~ 10.97)

2.73 (0.70 ~ 10.64)

Previous exercise-related knee injury

No

1

1

1

Yes

1.00 (0.38 ~ 2.60)

1.09 (0.41 ~ 2.89)

1.03 (0.39 ~ 2.69)

Previous accident-related knee injury

No

1

1

1

Yes

1.92 (0.78 ~ 4.70)

2.05 (0.83 ~ 5.06)

1.95 (0.79 ~ 4.82)

Previous work-related knee injury

No

1

1

1

Yes

1.47 (0.64 ~ 3.38)

1.59 (0.68 ~ 3.70)

1.60 (0.69 ~ 3.74)

No

1

1

1

Yes

1.21 (0.43 ~ 3.44)

1.21 (0.42 ~ 3.51)

1.22 (0.42 ~ 3.52)

No

1

1

1

Yes

1.25 (0.45 ~ 3.46)

1.09 (0.39 ~ 3.06)

1.17 (0.42 ~ 3.24)

No

1

1

1

Yes

0.98 (0.34 ~ 2.83)

1.02 (0.35 ~ 2.94)

1.04 (0.36 ~ 3.03)

Yes

1

1

1

No

0.63 (0.08 ~ 4.75)

0.56 (0.07 ~ 4.25)

0.65 (0.08 ~ 5.26)

Low

1

1

1

High

0.80 (0.27 ~ 2.39)

0.67 (0.21 ~ 2.16)

0.66 (0.21 ~ 2.12)

Stair flight

No

1

1

1

Yes

2.36 (0.79 ~ 7.04)

2.72 (0.90 ~ 8.26)

2.49 (0.83 ~ 7.53)

Kneeling

No

1

1

1

Yes

0.82 (0.26 ~ 2.53)

0.62 (0.21 ~ 2.16)

0.59 (0.19 ~ 1.87)

The cumulative intensity of trekking

<17 years

1

≥17 years

2.81 (0.63 ~ 12.60)

Low

1

1

Medium

1.79 (0.70 ~ 4.61)

2.02 (0.80 ~ 5.11)

High

4.08 (1.00 ~ 16.61)

5.84 (1.09 ~ 31.26)

Previous knee pain
Past medical history

Occupational characteristics
Overtime labor
Holiday use

Physical burden of work

a

Calculated by multiple logistic regression analysis
b
Adjusted for general characteristics(sex, age, BMI, smoking, alcohol drinking, regular exercise, previous knee injury, previous knee pain, past medical history),
occupational characteristics(overtime labor, holiday use, physical burden of work, stair flight, kneeling), the cumulative intensity of trekking 1 (= Tenure)
c
Adjusted for general and occupational characteristics, the cumulative intensity of trekking 2
d
Adjusted for general and occupational characteristics, the cumulative intensity of trekking 3
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service accounted for greater proportion of their
workload.
In previous studies, demographic factors such as age
and body weight in addition to work-related factors were
shown to affect the menisci lesions. Anderson and
Felson reported that the risk of knee osteoarthritis was
increased 1.76-fold in males and 3.29-fold in females
every decade [26]. Furthermore, Jerosch et al. reported
that degeneration increased with age according to an
evaluation of the degree of degeneration for menisci
using the knee MRI signal grading system (grades 0–4)
in 82 people who had no knee symptoms in the age
range of 8–62 years [27]. In univariate analysis in the
present study, the menisci lesions were statistically significantly increased in workers aged ≥45 years, but in
multivariate analysis, it was not statistically significant.
Moreover, age was not a significant factor to increase
the menisci lesions when age was classified by decade
(30s, 40s, and 50s or above). Unlike other studies, the effect of age on the menisci lesions of national park
workers is relatively low because chronic injuries occur
mainly in those ≥65 years of age in the general population and degenerative changes become greater as age increases [28], but the proportion of older workers is low
as the mean age of national park workers is 45.5 years
and most of them retired at the age of 57.
The American Medical Association(AMA) has reported that overweight or obesity is also a strong predictor of the menisci lesions [29]. In the study of Baker
et al., in subjects aged 25–59 with tears of menisci
found on arthroscopy, the OR was 2.3 (95 % CI 1.5–
3.4) for a BMI of 24.1–27.0 kg/m2 and 1.7 (95 % CI
1.2–2.6) for a BMI of ≥27 kg/m2 [30]. In a study of subjects who had previous surgery of menisci, there was a
statistically significant positive correlation between
BMI and menisci lesions [31]. In the present study,
there was no significant difference in the incidence of
the menisci lesions according to BMI because the number of subjects with a BMI of ≥25 kg/m2 was small.
Furthermore, we considered that obese workers did not
participate as much in trekking owing to potential knee
pain or attempted to control weight by themselves to
reduce knee pain.
The menisci tears may be described by the factors
such as location, site, and type of the tear. In this study,
the medial menisci tear was the most part according to
the location of menisci. In previous study as well, the
medial menisci tear were more frequent than the lateral.
Because the medial meniscus is ‘C’ shaped while the lateral is a shorter incomplete circle with closer spaced
‘horns’, but also since its more secure attachments to the
tibia plateau make it susceptible to shear injury [32, 33].
Most menisci tear that occur in the young athletes is
longitudinal. This tear is associated with ACL injury,
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and the medial menisci is more commonly affected for
this tear [34]. However, in our study, the workers with
longitudinal tears were not found. Radial tear is known
to be more frequent in the lateral meniscus and can appear to be caused by athletic trauma [35]. While, in
other study, radial tears occurring in the posterior horn
of the medial meniscus were common [36]. The workers
who had frequently trekked in our study could be damaged on the menisci by some trauma during the trekking, and the radial tear may occur to them. Horizontal
tear is known as degenerative type and is more common
in middle-aged people [37]. The posterior horn of the
medial menisci is relatively no movable compared with
other parts, and it’s weak to tear. Consequently, the horizontal tear of the posterior horn in the medial meniscus
is the most emblematic of degenerative menisci tear
[38]. They can occur in all age groups but increase with
advancing years. On the other hand, the horizontal tear
in the lateral menisci can occur to some runners [39].
Despite the average age of the subjects in our study was
44.3 years old and they retired from the KNPS in 55-59
years old, the ratio of horizontal menisci tear for them
was the highest. We thought the menisci lesion by the
long-period hikes similar to runners caused the tears.
This study has the following limitations. First of all,
there was limitation to occur the bias in determining of
the ambiguous MRI signal grade since the orthopedic
surgeon directly carried out physical examinations to the
subjects. Although the knee MRI was taken to the subjects with knee symptoms and positive signs in McMurray test or Apley test, the occurrence of bias in the
readings of the reader who contacted to the workers directly was inevitable. In a further study, if the reader who
does not contact to the subjects will read for the MRI
signal grade, we think the study can increase the reliability of the readings.
Because this study was performed as a cross-sectional
study, it was challenging to infer a causal association,
and other results could be obtained given a different
study period. Moreover, a prevalence-incidence bias
could occur [40]. Additionally, because demographic and
work-related factors were investigated using a selfadministered survey, the intention of researchers and responders could be reflected. There was also a limitation
of analytical results because 124 workers who underwent
knee MRI were study subjects. A previous study evaluated not only the menisci lesions but also various diseases such as osteoarthritis of the knee, but our study
did not evaluate factors related to knee diseases other
than the menisci lesions. Another limitation could be
that the statistically significant risk factor for the menisci
lesions, the cumulative intensity of trekking, was estimated indirectly through trail distance as well as trail
difficulty.
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However, this was a unique study that was designed to
objectively approach and evaluate the menisci lesions of
workers in a specific environment, the national parks of
Korea. Because various factors including demographic
and work-related factors of national park workers were
considered and analyzed, we could identify the strongest
factor for increasing the risk of menisci lesions. Furthermore, in performing this study, reliability could be increased as an orthopedist visited workers individually,
performed the physical examinations, and systematically
classified the menisci lesions through the MRI high signals of the menisci. Regarding the evaluation of the cumulative intensity of trekking, not only trail distance but
also trail difficulty such as slope angle and surface conditions were included and suggested that trail difficulty
could affect the loading of the menisci.
Occupational musculoskeletal diseases occur owing to
various factors in various types of work. Therefore, it is
important to find and prevent risk factors at an early
stage. The work-related factor that increased the menisci
lesions in national park workers was the cumulative intensity of trekking in this study. Thus, to prevent the
menisci lesions in national park workers, it is important
to find a threshold of the cumulative intensity of trekking that causes injuries through a cohort study in the
future. If workers who currently have no menisci lesions
but a cumulative intensity of trekking that is greater
than the threshold can be identified and advised to avoid
trekking, the prevalence of menisci lesions of national
park workers can be lowered.

Conclusion
The factor that most affected the menisci lesions among
the workers in Korean national park was a high cumulative intensity of trekking. It is necessary to establish a
threshold of the cumulative intensity of trekking for
knee disease and notify the workers who exceed this
threshold and transfer them to other places with less
trekking.
Abbreviations
MRI: Magnetic resonance imaging; BMI: Body mass index; TSE: Turbo spin
echo; KNPS: Korea National Park Service; GPS: Global positioning system;
OR: Odds ratio; CI: Confidence interval; AMA: American Medical Association
Acknowledgements
This study was supported by Korea national park service (KNPS).
Funding
Not applicable.
Availability of data and materials
The datasets generated during and analysed during the current study are
not publicly available due to reasons why data are not public.
Authors’ contributions
DHS drafted this manuscript. KWY designed this study and corrected final
manuscript as corresponding author. DWK performed a physical examination
for the workers of Korea national park and selected the subjects needed a

Page 10 of 11

knee MRI shooting. DWK and EJL cross-read the images of the menisci using
a grading system based on the MRI signals. MJL and HMC conducted the
survey and contributed to the data collection. All authors read and approved
the final manuscript.
Competing interests
The authors declare that they have no competing interests.
Consent for publication
The subjects were consented to publish to report individual patient data.
Ethics approval and consent to participate
All study subjects were informed of the purpose of this study. The subjects
were consented to participate under the 'Ethics, consent & permissions'
heading and to publish to report individual patient data. This study was
approved by the Ethics Committee of Wonjin Institute for Occupational and
Environmental Health. The reference number is IRB-2016-001.
Author details
1
Department of Occupational and Environmental Medicine, Wonjin Green
Hospital, 568-1 Sagajeong-ro 49-gil 53, Jungrang-gu, Seoul, South Korea.
2
Department of Radiology, Wonjin Green Hospital, 568-1 Sagajeong-ro 49-gil
53, Jungrang-gu, Seoul, South Korea. 3Department of Orthopedics, Wonjin
Green Hospital, 568-1 Sagajeong-ro 49-gil 53, Jungrang-gu, Seoul, South
Korea.
Received: 6 May 2016 Accepted: 28 September 2016

References
1. Korea National Park Service. http://www.knps.or.kr. Accessed 5 Jan 2016.
2. Musa G, Hall CM, Higham JE. Tourism sustainability and health impacts in
high altitude adventure, cultural and ecotourism destinations: A case study
of Nepal's Sagarmatha National Park. J Sustain Tour. 2004;12(4):306–31.
3. Johnson RM, Huettl B, Kocsis V, Chan SB, Kordick MF. Injuries sustained at
Yellowstone National Park requiring emergency medical system activation.
Wilderness Environ Med. 2007;18(3):186–9.
4. Song DJ. Association between musculo-skeletal symptoms and work-related
risk factors among workers in the korea national park. Korea University:
Korea University: Graduate School of Public Health; 2011.
5. Lee YK, Yim SH. Association between changed working conditions and
musculoskeletal disorders among automobile assembly workers. J Korean
Soc Occup Environ Hyg. 2006;16(3):276–83.
6. Chae D-H, Kim J-H. Risk factors for musculoskeletal symptoms in aviation
maintenance technicians. Korean J Occup Environ Med. 2005;17(3):173–85.
7. Guo H-R, Chang Y-C, Yeh W-Y, Chen C-W, Guo YL. Prevalence of
musculoskeletal disorder among workers in Taiwan: a nationwide study.
J Occup Health. 2004;46(1):26–36.
8. Makris EA, Hadidi P, Athanasiou KA. The knee meniscus: structure–function,
pathophysiology, current repair techniques, and prospects for regeneration.
Biomaterials. 2011;32(30):7411–31.
9. Brown MJ, Farrell JP, Kluczynski MA, Marzo JM. Biomechanical effects of a
horizontal medial meniscal tear and subsequent leaflet resection. Am J
Sports Med. 2016;44(4):850. doi:10.1177/0363546515623782.
10. Crues 3rd J, Mink J, Levy T, Lotysch M, Stoller D. Meniscal tears of the knee:
accuracy of MR imaging. Radiology. 1987;164(2):445–8.
11. Viera AJ, Garrett JM. Understanding interobserver agreement: the kappa
statistic. Fam Med. 2005;37(5):360–3.
12. Kelly MA, Flock TJ, Kimmel JA, Kiernan HA, Singson RS, Starron RB, Feldman
F. MR imaging of the knee: clarification of its role. Arthroscopy.
1991;7(1):78–85.
13. Sproule J, Khan F, Rice J, Nicholson P, McElwain J. Altered signal intensity in
the posterior horn of the medial meniscus: an MR finding of questionable
significance. Arch Orthop Trauma Surg. 2005;125(4):267–71.
14. Kaplan P, Nelson N, Garvin KL, Brown D. MR of the knee: the significance of
high signal in the meniscus that does not clearly extend to the surface. AJR
Am J Roentgenol. 1991;156(2):333–6.
15. De Smet A, Norris M, Yandow D, Quintana F, Graf B, Keene J. MR diagnosis
of meniscal tears of the knee: importance of high signal in the meniscus
that extends to the surface. AJR Am J Roentgenol. 1993;161(1):101–7.

Shin et al. Annals of Occupational and Environmental Medicine (2016) 28:56

16. LaPrade RF, Burnett QM, Veenstra MA, Hodgman CG. The prevalence of
abnormal magnetic resonance imaging findings in asymptomatic knees
with correlation of magnetic resonance imaging to arthroscopic findings in
symptomatic knees. Am J Sports Med. 1994;22(6):739–45.
17. Korea Ministry of Environment. http://www.me.go.kr. Accessed 1 Nov 2015.
18. Schueller-Weidekamm C, Schueller G, Uffmann M, Bader T. Incidence of
chronic knee lesions in long-distance runners based on training level:
findings at MRI. Eur J Radiol. 2006;58(2):286–93.
19. Baker P, Coggon D, Reading I, Barrett D, McLaren M, Cooper C. Sports injury,
occupational physical activity, joint laxity, and meniscal damage.
J Rheumatol. 2002;29(3):557–63.
20. Schwameder H, Roithner R, Muller E, Niessen W, Raschner C. Knee joint
forces during downhill walking with hiking poles. J Sports Sci.
1999;17(12):969–78.
21. Kuster M, Sakurai S, Wood G. Kinematic and kinetic comparison of downhill
and level walking. Clin Biomech. 1995;10(2):79–84.
22. Andriacchi TP, Natarajan R, Hurwitz D. Musculoskeletal dynamics,
locomotion, and clinical applications. Basic Orthop Biomech. 1997;2:37–68.
23. Winter D, Eng J, Ishac M, Hanis G, Smith P. Threedimensional moments,
powers and work in normal gait. New York: IEEE Press; 1996. p. 71–83.
24. Coggon D, Croft P, Kellingray S, Barrett D, McLaren M, Cooper C.
Occupational physical activities and osteoarthritis of the knee. Arthritis
Rheum. 2000;43(7):1443–9.
25. Sandmark H, Hogstedt C, Vingård E. Primary osteoarthrosis of the knee in
men and women as a result of lifelong physical load from work. Scand J
Work Environ Health. 2000;26(1):20–5.
26. Anderson JJ, Felson DT. Factors associated with osteoarthritis of the knee in
the first national Health and Nutrition Examination Survey (HANES I)
evidence for an association with overweight, race, and physical demands of
work. Am J Epidemiol. 1988;128(1):179–89.
27. Jerosch J, Castro W, Assheuer J. Age-related magnetic resonance imaging
morphology of the menisci in asymptomatic individuals. Arch Orthop
Trauma Surg. 1996;115(3-4):199–202.
28. Brashear HR, Raney RB, Shands AR. Handbook of orthopaedic surgery. 10th
ed. St. Louis: CV Mosby; 1986.
29. Barron BA: Melhorn, JM and Ackerman, WE (eds): Guides to the Evaluation
of Disease and Injury Causation. J Occup Rehab. 2010;20(3):406.
30. Baker P, Reading I, Cooper C, Coggon D. Knee disorders in the general
population and their relation to occupation. Occup Environ Med.
2003;60(10):794–7.
31. Wearing SC, Hennig EM, Byrne NM, Steele JR, Hills AP. Musculoskeletal
disorders associated with obesity: a biomechanical perspective. Obes Rev.
2006;7(3):239–50.
32. Shiraev T, Anderson SE, Hope N. Meniscal tear: presentation, diagnosis and
management. Aust Fam Physician. 2012;41(4):182.
33. Vedi V, Spouse E, Williams A, Tennant S, Hunt D, Gedroyc W. Meniscal
movement. Bone Joint J. 1999;81(1):37–41.
34. Terzidis IP, Christodoulou A, Ploumis A, Givissis P, Natsis K, Koimtzis M.
Meniscal tear characteristics in young athletes with a stable knee
arthroscopic evaluation. Am J Sports Med. 2006;34(7):1170–5.
35. Dandy D. The arthroscopic anatomy of symptomatic meniscal lesions. Bone
Joint J. 1990;72(4):628–33.
36. Bin S-I, Kim J-M, Shin S-J. Radial tears of the posterior horn of the medial
meniscus. Arthroscopy. 2004;20(4):373–8.
37. Christoforakis J, Pradhan R, Sanchez-Ballester J, Hunt N, Strachan RK. Is there
an association between articular cartilage changes and degenerative
meniscus tears? Arthroscopy. 2005;21(11):1366–9.
38. Yim J-H, Seon J-K, Song E-K, Choi J-I, Kim M-C, Lee K-B, Seo H-Y. A
comparative study of meniscectomy and nonoperative treatment for
degenerative horizontal tears of the medial meniscus. Am J Sports Med.
2013;41(7):1565–70.
39. Greis PE, Bardana DD, Holmstrom MC, Burks RT. Meniscal injury: I. Basic
science and evaluation. J Am Acad Orthop Surg. 2002;10(3):168–76.
40. Levin KA. Study design III: Cross-sectional studies. Evid Based Dent.
2006;7(1):24–5.

Page 11 of 11

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

