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Abstract 

Background:  Facet tropism (FT) can be defined as the angular difference between the orientation of the right and 
left facet joints in axial or sagittal planes. Most studies discuss about the relationship with lumbar disc hernia and facet 
joint angle. However, little is known about the association of facet tropism with disc herniation in the cervical spine 
in multisports athletes. In this study, We aimed to investigate the relationship between cervical facet tropism and disc 
hernia in athletes of different branches between the ages of 20–40 from the cervical MR images of the cases.

Methods:  This is a retrospective study performed on athletes who applied our hospital between January 2014–2019 
with neck pain and have MR imaging of the cervical spine. Cervical MR images of the patients were evaluated by 
an experienced radiologist from the hospital system database and archives. 79 cases (52 men and 27 women) were 
included in the study.

Results:  No statistically significant difference was found between the facet joint angles of both groups at all levels 
(p˃0.05). Only left C6-7 disc angles of CDH group were measured as 92.99° ± 10.770 (620–1130) and 88.58° ± 7.65° (67°-
110°) for the normal group and this difference was found statistically significant (p = 0.007).

Conclusion:  In this study, we did not predict that cervical facet tropism may be a factor associated with cervical disc 
hernia in young athletes with CDH.
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Background
Facet joints play an important role in the posterior sta-
bilization of the vertebrae through the upper and lower 
joint faces. Facet joints carry about a third of the dynamic 
load on the vertebrae, preventing excessive rotation, flex-
ion and translation [1]. Facet tropism (FT) can be defined 
as the angular difference between the orientation of the 
right and left facet joints in axial or sagittal planes. Until 
now, mostly the relationship between the lomber FT and 
lumbar disc hernia, spondylolisthesis and degenerative 

disc disease has been investigated in different popula-
tions [2–5].

However, there were limited articles investigating cer-
vical facet joint tropism and the relationship between 
cervical disc hernia (CDH) [6, 7]. And also; There was no 
data regarding the relationship between the facet tropism 
and the CDH for the multi-sport athletes. Therefore, 
we aimed to investigate the relationship between cervi-
cal facet tropism and disc hernia in athletes of different 
branches between the ages of 20–40 from the cervical 
MR images of the cases.

Materıal and method
This is a retrospective study performed on athletes who 
applied our hospital; between January 2014–2019 with 
neck pain and have MR imaging of the cervical spine. A 
total of 79 cases, 41 of whom were cervical disc hernias 
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were included in our study. 33 of our cases were row-
ing, 17 were archery, 14 were fencing, 15 were gym-
nasts. CDH cases evaluated as bulging and protruding 
as a result of MR evaluations were included in the study. 
All cases aged 20–40 years with a diagnosis of CDH and 
bilateral facet joint angles at C4-5, C5-6 and C6-7 levels 
measured on cervical magnetic resonance imaging (MRI) 
tests. In the comparison of the two facet joint angles, a 
difference of < 7° was classified as no tropism, 7°-14° as 
moderate tropism and > 14° as severe tropism. Before 
the data collection, Instıtuonal review board (IRB) had 
taken by our hospital’s ethics Committee (07/01/2014–
41). Cervical MR images of the patients were evaluated 
by an experienced radiologist from the hospital system 
database and archives. 79 cases (52 men and 27 women) 
were included in the study. The cases were divided into 
two groups as CDH and Normal group. While the mean 
age of CDH cases was 32.49 ± 4.79 (23–40), the average 
age of the normal group cases was 32.42 ± 4.46 (22–40). 
Those with a history of spinal surgery, trauma, chronic 
inflammatory disease, recovery or presence of spinal 
malignancy and congenital vertebral anomalies were 
excluded. 41 (29 m, 12 f ) patients with a single or double 
level, and left or right side herniated posterolateral CDH 
at the C4-C5, C5-C6 or C6-C7 discs were included in this 
study as a CDH group. In the study, 38 participants (22 m 
and 16 f ) who came to the clinic for routine examination 
were included as a control group. The control group also 
consisted of randomly selected healthy individuals who 
applied to the clinic for routine examination from the 
hospital database and who had a cervical MRI as a result 
of the physical examination.

MR images
MRI of the cervical spine was performed using a 
3-dimensional (3D) spoiled gradient-echo sequence 
with 6 asymmetric echoes was used on a 1.5-T MRI sys-
tem (Signa HDxt; GE Healthcare, Milwaukee, Wis). And 
also the MR unit used an 8-channel phase array spine 
coil with the following imaging parameters: repetition 
time (TR), 12.8 ms; echo time (ET), 1.6 to 10.1 ms; slice 
thickness, 4 mm; 16 to 20 slices in 3D slab; flip angle, 5 
degrees; bandwidth, 125 kHz; field of view (FOV), 44 cm; 
matrix, 224 × 160; and total scan time, 12 s.

Cercival facet angle measurement
Measurements of axial facet joint angles at the level of 
C4-5, C5-6 and C6-7 were made according to the method 
previously described by Xu et al. [8]. Reference line (RL) 
was accepted as the line passing through the center of 
the disc and the middle of the processus spinosus. The 
facet line (FL) was defined as the line drawn between the 
anteromedial and posteromedial edges of the upper joint 
facets on both sides. The angle between the two lines was 
measured and defined as the facet joint angle on both 
sides (Fig. 1). A radiologist and a neurosurgeon measured 
the angles with an automatic goniometer in the system. 
The arithmetic average of two separate measurements 
was taken and the main angle was obtained.

Statistical analyses
As a statistical method in the analysis of data in the 
research; descriptive analysis (mean, standard deviation, 
minimum, maximum) were used. In the analysis of con-
tinuous data, compatibility to normal distribution was 

Fig. 1  Reference line (RL) was accepted as the line passing through the center of the disc and the middle of the processus spinosus. The facet line 
(FL) was defined as the line drawn between the anteromedial and posteromedial edges of the upper joint facets on both sides. The angle between 
the two lines was measured and defined as the facet joint angle on both sides
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found using the Kolmogorov–Smirnov test. Chi square 
test, t test and covariance analysis were applied due to the 
compliance with normal distribution. The results were 
evaluated within the 95% confidence interval and p < 0.05 
was considered significant.

Results
A total of 79 cases, 41 of whom were cervical disc her-
nias were included in our study. 33 of our cases were 
rowing, 17 were archery, 14 were fencing, 15 were gym-
nasts. 8 of the cases with cervical disc hernias were on 
the C4-5 disc, 22 were on the C5-C6 disc and 11 were on 
the C6-C7 disc level. CDH cases evaluated as bulging and 
protruding as a result of MRI evaluations were included 
in the study. Almost all the disc hernias of the patients 
were posterolateral as an anatomical location, 24 were on 

the right side and 17 were on the left side. Demographic 
features and facet joint angles of the CDH and normal 
groups are shown in Table 1 and Fig. 2. Table 2 shows the 
distribution of cases according to the gender. In terms of 
age, the distribution of the CDH group was 32.49 ± 4.79 
(23–40) and the distribution of the normal group was 
32.42 ± 4.46 (22–40). The difference between the two 
groups was not statistically significant (p = 0.933). In 
terms of height, the distribution of the CDH group was 
176.95 ± 5.66  cm (165–188) and the normal group dis-
tribution was 174.89 ± 6.54  cm (165–189), but the dif-
ference between the two groups was not statistically 
significant (p = 0.095). While the distribution of CDH 
cases in terms of weight was 77.12 ± 8.86 kg (56–90), the 
weight distribution of the normal group was found to be 
72.94 ± 9.97 kg (57–90). The difference between the two 
groups was statistically significant (p = 0.027). The aver-
age weight of the normal group was low.

No statistically significant difference was found 
between the facet joint angles of both groups at all 

levels (p˃0.05). Only left C6-7 facet joint angles of CDH 
group were measured as 92.99° ± 10.77° (62°-113°) and 
88.58° ± 7.65° (67°-110°) for the normal group and this 
difference was found statistically significant (p = 0.007). 
After the weight variable was taken under control, the left 
C6-7 value of the CDH group was found to be 92,673 kg 
and the normal group value was 88,916 kg (CDH group 
values without the weight control were 92.99 kg normal 
group value 88.58 kg) and the difference between the two 
groups was not statistically significant (p = 0.17). With-
out taking into account the weight (covariant), we see 
that the left C6-7 value has a significant effect between 
the two groups. But when the weight (covariant) is taken 
into account, we see that the left C6-7 value has no sig-
nificant effect between the two groups. In other words, 
left C6-7 values of the two groups are similar (Table 3).

Dıscussıon
The hyaline cartilage and facet joints above the subchon-
dral bone are the only synovial joints in the spine that 
help carry 16% of the vertical load on the intervertebral 
discs [9].

Facet joints provide rear mechanical support to protect 
the discs from excessive rotations in flexion and exten-
sion by fixing the movement segment. We evaluated 
that athletes in archery, fencing, rowing and gymnastics 
branches where cervical disc and facet joints are used 
more often, such as hyperflexion, hyperextension, lateral 
bending and cervical rotation, would be more suitable for 
our study.

Although facet joint tropism means asymmetry of the 
left and right facet joints, the criteria for defining it are 
very different. While Noren et al. defined facet asymme-
try as an angle difference of > 5° bilaterally [10], Huang 
et al. accepted the tropism at cervical facet level > 7° [11]. 
In other biomechanical studies, facet asymmetry was 
evaluated that facet joint angles greater than 1° –10°[12, 
13]. According to the study results available in the litera-
ture, there is no definitive consensus about the angle of 
servical facet joint tropism.

Unlike the lumbar spine, the facet direction of the 
cervical spine is more complex. While the facet joints 
are located more vertically in the lumbar spine, they are 
located more axially and coronal in the cervical region 
[14]. In previous studies, it has been mentioned that 

Table 1  Physical characteristics and bilateral facet angle degrees 
of CDH and normal groups

CDH Normal p

AGE 32,49 ± 4,79 (23–40) 32,42 ± 4,46 (22–40) 0,93

ANGLE 176,95 ± 5,66 (165–188) 174,89 ± 6,54 (165–189) 0,09

WEIGHT 77,12 ± 8,86 (56–90) 72,94 ± 9,97 (57–90) 0,03

BMI 24,61 ± 3,17 23,82 ± 2,93 0,53

C4_5R 88,5 ± 8,78 (73–113) 89,13 ± 6,79 (74–101) 0,59

C4_5L 91,63 ± 8,39 (77–115) 90,26 ± 7,28 (70–108) 0,66

C5_6R 89,28 ± 8,56 (68–107) 92,88 ± 7,68 (77–118) 0,09

C5_6L 90,41 ± 10,94 (61–117) 91,87 ± 8,62 (79–125) 0,50

C6_7R 87,81 ± 6,71 (69–100) 88,16 ± 8,06 (69–105) 0,90

C6_7L 92,99 ± 10,77 (62–113) 88,58 ± 7,65 (67–110) 0,01

Table 2  Gender distribution of cases

CDH group Normal group

n n% n n %

GENDER M 29 56,9% 22 43,1%

F 12 42,9% 16 57,1%
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facet tropism can cause unbalanced stress distribution 
in the disc, thus causing disc degeneration, and even 
disc herniation [4, 15, 16]. Literature studies mostly 
focus on the relationship between facet joint tropism, 
low back or neck problems, degeneration of the disc, 
facet joint, and spondylolysis [7, 8, 17–20]. In most of 
these studies, cases are older age, patients who do not 
exercise regularly and have a low back pain. As far as 
we know, our study will be the first with the control 
group evaluating the association of cervical facet joint 
tropism and cervical disc hernia in multisport athletes 
aged 20–40 in 4 different sports activity. In a study 
by Xin Rong et  al.; in patients over 50  years of age, it 
was evaluated that there was a relationship between 
disc degeneration and tropism, and it was shown that 
facet tropism was mostly at C2-3 level [16]. In the same 
study, it has been experimentally demonstrated that the 
facet joint and intervertebral disc with facet tropism 
are exposed to higher pressures than the symmetrical 
model.

Therefore, we aimed to investigate whether abnormal 
stress on joints and discs with facet tropism would be 
related to disc herniation. However; In a study con-
ducted by Okada et  al. on 223 asymptomatic healthy 
cases with a 10-year retrospective MRI study, no 

correlation other than age was found in the develop-
ment of disc degeneration [21]. However, anatomical 
factors related to the patients were not adequately shed 
lighted on this study. In individuals with asymmetrical 
facet tropism, has been shown an increase of 49.2% by 
flexion, 57.1% by extension and 30.6% by axial rotation 
[16]. Based on this study, it can be suggested that facet 
joint tropism may be an anatomical risk factor in the 
development of cervical disc herniation. In our study, 
when compared the cervical disc hernia group and the 
normal group, we could not find a statistically signifi-
cant facet tropism. In the literature, we could not find 
a study evaluating the correlation between facet tro-
pism and cervical disc hernia in athletes. Another study 
supporting ours by D. Y. Lee et  al. demonstrated that 
facet tropism has not played a role in the development 
of lumbar disc herniation in adolescents [22]. On the 
other hand, a retrospective study by Huang X et al. with 
96 cases over the age of 50  years, found a correlation 
between cervical disc hernia and tropism [6]. The cases 
in our study were in the younger (20–40) age range and 
consisted of athletes with regularly trained. We evalu-
ated the MRI findings with bulding and protrusion. In 
the mentioned study, it was not stated at which level 
disc cases were included. As cervical disc degeneration 
shows only age-related development, the association of 
facet tropism with cervical disc hernia may be in older 
ages [8].

This study had several limitations. First, we think the 
number of cases is insufficient. In addition, there is no 
clear consensus of what is the standard cervical ver-
tebral facet tropism. In the future, more studies with 
more patients and multicentre studies are needed to 
define the angle of facet tropism clearly.

Fig. 2  Representation of facet angle values of both groups

Table 3  Facet angle values between two groups when weight 
(covariant) is taken into account

Weight = 75,1127 Mean Std. Error 95% Confidence Interval

Lower Bound Upper Bound

CDH 92,673 1,477 89,731 95,615

Normal 88,916 1,536 85,857 91,975
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Conclusıon
In this study, we did not predict that cervical facet tro-
pism may be a factor associated with cervical disc her-
nia in young athletes with CDH. Therefore, evaluation 
of hernia development in young ages may be a separate 
study in the cases with facet tropism who makes regular 
sports and exercise.
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