
Vol.:(0123456789)

Surgical and Radiologic Anatomy (2024) 46:125–135 
https://doi.org/10.1007/s00276-023-03279-5

ORIGINAL ARTICLE

Magnetic resonance imaging‑based classification of the myodural 
bridge complex and its influencing factors

Xiao Feng3 · Cong Liu1 · Dong‑Mei Hu4 · Jian‑Fei Zhang2 · Nan Zheng2 · Yan‑Yan Chi2 · Sheng‑Bo Yu2   · 
Hong‑Jin Sui2 · Qiang Xu1,3 

Received: 5 December 2022 / Accepted: 5 December 2023 / Published online: 9 January 2024 
© The Author(s) 2024

Abstract
Cerebrospinal fluid (CSF) circulation is considered the third circulation of the human body. Recently, some scholars have 
proposed the myodural bridge (MDB) as a novel power source for CSF flow. Moreover, the suboccipital muscles can exert 
a driving force on the CSF via the MDB. This hypothesis is directly supported by head rotation and nodding movements, 
which can affect CSF circulation. The MDB has been validated as a normal structure in humans and mammals. In addition, 
the fusion of MDB fibers of different origins that act in concert with each other forms the MDB complex (MDBC). The 
MDBC may be associated with several CSF disorder-related neurological disorders in clinical practice. Therefore, the mor-
phology of the MDBC and its influencing factors must be determined. In this study, T2-weighted imaging sagittal images 
of the cervical region were analyzed retrospectively in 1085 patients, and magnetic resonance imaging (MRI) typing of the 
MDBC was performed according to the imaging features of the MDBC in the posterior atlanto-occipital interspace (PAOiS) 
and posterior atlanto-axial interspace (PAAiS). The effects of age and age-related degenerative changes in the cervical spine 
on MRI staging of the MDBC were also determined. The results revealed four MRI types of the MDBC: type A (no MDBC 
hyposignal shadow connected to the dura mater in either the PAOiS or PAAiS), type B (MDBC hyposignal shadow connected 
to the dura mater in the PAOiS only), type C (MDBC hyposignal shadow connected to the dura mater in the PAAiS only), and 
type D (MDBC hyposignal shadow connected to the dura mater in both the PAOiS and PAAiS). The influencing factors for 
the MDBC typing were age (group), degree of intervertebral space stenosis, dorsal osteophytosis, and degenerative changes 
in the cervical spine (P < 0.05). With increasing age (10-year interval), the incidence of type B MDBC markedly decreased, 
whereas that of type A MDBC increased considerably. With the deepening of the degree of intervertebral space stenosis, 
the incidence of type C MDBC increased significantly, whereas that of type A MDBC decreased. In the presence of dorsal 
osteophytosis, the incidence of type C and D MDBCs significantly decreased, whereas that of type A increased. In the pres-
ence of protrusion of the intervertebral disc, the incidence of type B, C, and D MDBCs increased markedly, whereas that of 
type A MDBC decreased considerably, with cervical degenerative changes combined with spinal canal stenosis. Moreover, 
the incidence of both type C and D MDBCs increased, whereas that of type A MDBC decreased. Based on the MRI signal 
characteristics of the dural side of the MDBC, four types of the MDBC were identified. MDBC typing varies dynamically 
according to population distribution, depending on age and cervical degeneration (degree of intervertebral space stenosis, 
vertebral dorsal osteophytosis formation, simple protrusion of intervertebral disc, and cervical degeneration changes com-
bined with spinal canal stenosis, except for the degree of protrusion of the intervertebral disc and the degree of spinal canal 
stenosis); however, it is not influenced by sex.
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Introduction

Cerebrospinal fluid (CSF) circulation is considered the 
third circulation of the human body with physiological 
significance. The CSF is contributed by arterial pulsation 
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[10], ventricular diastolic activity [4, 6], ventricular choroid 
plexus dilation [29], postural changes [1], and ventricular 
morphology [2]. Sui et al. [28] proposed a new power source 
for the CSF for an inaugural time in the international arena, 
the myodural bridge (MDB). It may be a power source for 
CSF circulation; that is, the contraction of the suboccipital 
muscles may exert some driving force on the CSF through 
the connection between the MDB complex (MDBC) and 
spinal dura mater [26–28]. Head movements affect CSF 
flow, adding a direct line of evidence to this theory [22, 23]. 
Neurological disorders, such as Chiari malformation and 
syringomyelia, are associated with CSF circulation [7, 13], 
and the MDBC may play an essential role in the develop-
ment and progression of these disorders. Therefore, MDBC 
morphology and its influencing factors should be explored.

The MDBC fibers connecting the dura mater through the 
posterior atlanto-occipital interspace (PAOiS) are derived 
from the rectus capitis posterior minor muscle (RCPmi) and 
rectus capitis posterior major muscle (RCPma). The MDBC 
fibers connecting the dura through the posterior atlanto-axial 
interspace (PAAiS) originate from the RCPmi, RCPma, and 
obliquus capitis inferior (OCI) muscle. The MDBC acts on 
the dura mater through the PAOiS and PAAiS. The MDBC, 
a composite structure, is formed by the fusion of MDB fibers 
of different origins that act in concert with each other [27].

Studies on the magnetic resonance imaging (MRI) of 
the MDB have been conducted, and MRI-based MDB mor-
phological studies have been deemed feasible [8, 15–17]. 
Degenerative disc changes and spinal canal stenosis occur 
to varying degrees in the cervical spine during the aging 
process [12, 14, 20]. Morphological typing of MDBC and 
its modifications with age and degenerative changes in the 
cervical spine have not yet been reported. In this study, the 
imaging classification of the MDBC was classified using 
MRI. Moreover, the influence of sex, age, and degenera-
tive changes of the cervical spine on MDBC classification 
was retrospectively analyzed in a large sample to provide an 
imaging basis for functional studies and clinical applications 
of the MDBC.

Materials and methods

Study participants

The approval of the institutional review board was obtained 
and written informed consent was waived due to the retrospec-
tive nature of the study.Imaging data from adult participants 
who underwent neck MRI with routine examination findings 
(both normal cervical and age-related cervical degeneration) 
at our hospital between January 2017 and January 2022 were 
selected for retrospective analysis. The inclusion criteria were 
as follows: (1) patients aged 20–69 years, (2) without history 

of neck surgery, and (3) without head and neck deformities, 
trauma, or other conditions that may affect the structure of the 
head and neck. Additionally, the results of the first test were 
obtained for multi-trial candidates. Patients with incomplete 
imaging data were excluded from this study. Finally, 1085 (518 
men and 567 women; mean age, 43.3 ± 13.6 years) susceptible 
individuals (including those with degenerative cervical spine) 
were included. The patients were divided according to age 
into the 20–29-, 30–39-, 40–49-, 50–59-, and 60–69-year-old 
groups.

Study methods

Magnetic resonance imaging (MRI) scanning

MRI was performed using a 1.5-T scanner (Signa, HDxt, 
GE Healthcare, USA). The participants were scanned in the 
supine position using a cervical phased-array coil covering 
the occipital and suboccipital regions. The sagittal param-
eters of T2-weighted imaging (T2WI) imaging were as fol-
lows: repetition time, 2740.0 ms; echo time, 120.0 ms; num-
ber of layers, 11; layer thickness, 3 mm; matrix, 256 × 256; 
and field of view, 240 × 240 mm.

Criteria for the assessment of degenerative changes 
in the cervical spine

The criteria for selecting the indicators of cervical degen-
erative changes were as follows: Based on the findings by 
Fakhoury et al. [5], the four common degenerative changes 
in the cervical spine, namely, disc herniation, spinal stenosis, 
intervertebral space narrowing, and dorsal bone redundancy, 
were selected for assessment in this study.

The assessment criteria for the indicators of cervical 
degenerative changes were as follows: C2–T1 cervical 
degenerative changes were assessed based on the MRI clas-
sification system adopted by Wang et al.[21] and Daimon 
et al.[3] (Table 1). The presence and severity of degenerative 
changes in the six cervical vertebral segments were recorded 
for each participant, and only the most severe cases were 
considered for each cervical degenerative change. Coex-
istence of degenerative changes in the cervical spine was 
also observed. The MRI readings were performed by two 
radiologists. MRI images were evaluated separately by both 
readers, and the results were compared. In cases in which 
the assessments differed, the MRI images were read again 
and agreed upon.

MRI assessment criteria for myodural bridge complex 
(MDBC) staging

On T2WI images in the sagittal position, the MDBC was a 
linear or cord-like low-signal shadow originating from the 
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suboccipital muscle, nuchal ligament, and/or cervical ver-
tebral body, passing through the PAOiS and/or PAAiS, and 
eventually connected to the dura mater of the upper cervical 
spine. The PAOiS and PAAiS were observed for low-signal 
linear or cord-like hyposignal shadows in both spaces that 
were connected to the dura mater. Imaging classification of 
the MDBC was performed according to the location of the 
MDBC hyposignal shadow with the dura mater.

The imaging data of the 1085 enrolled participants 
were provided to two radiologists (both with experience 
in MDBC-related studies, who had been trained in typing 
methods), and the typing results were recorded. One month 
later, the original 1085 enrolled participants were renum-
bered and then typed again using the same method, and the 
MDBC typing of the participants in the dispute was finally 
determined by two observers after consultation.

Cautions for the typing process were as follows: (1) The 
typing process was independently completed by two observ-
ers independently; (2) basic data of the participants were 
concealed, and only cervical MRI images of the partici-
pants were available; and (3) the double-blind principle was 
adopted for both types.

Statistical analyses

The Statistical Package for the Social Sciences (SPSS) ver-
sion 26.0 (SPSS Inc., Chicago, IL, USA) was used for sta-
tistical analyses. Frequencies and rates were used to express 
counting data. Cohen’s kappa coefficient and mean kappa 
coefficient values were calculated to assess the MDBC 
imaging classification and concordance of two observations 
from two observers. Kappa values of 0–0.20, 0.21–0.40, 
0.41–0.60, 0.61–0.80, and 0.81–1 were considered poor, 
fair, moderate, good, and strong consistencies, respectively. 
The chi-squared test was used for univariate analysis, and a 

multi-factor logistic stepwise regression analysis was per-
formed. The inspection level was set at α = 0.05. Statistical 
significance was set at P < 0.05.

Results

The MDBC imaging classification

The MDBC was classified into four types, A, B, C, and D, 
based on the signal characteristics of the location of the 
MDBC connection to the dura mater (PAOiS, PAAiS).

Type A MDBC: No MDBC hyposignal shadow is con-
nected to the dura in either the PAOiS or PAAiS, with a 
fatty hypersignal in both spaces and some vascular flow in 
the space (Fig. 1A).

Type B MDBC: Only the PAOiS has an MDBC hyposig-
nal shadow connected to the dura mater, whereas the PAAiS 
has a fatty hypersignal and some vascular flow (Fig. 1B).

Type C MDBC: Only the PAAiS shows an MDBC 
hyposignal shadow connected to the dura mater, with a fatty 
high signal in the PAOiS (Fig. 1C).

Type D MDBC: The PAOiS and PAAiS both show 
MDBC hyposignal shadows connected to the SDM 
(Fig. 1D).

In total, 499 (46.0%), 213 (19.6%), 208 (19.2%), and 165 
(15.2%) patients had type A, B, C, and D MDBC, respec-
tively (Table 2).

Consistency analysis of MDBC classification

The classification method was used to image 1,085 subjects 
twice by the same observer, and the Kappa concordance 
results indicated a high level of consistency in retesting 
(Kappa = 0.984).

Table 1   Magnetic resonance 
imaging-based classification 
system for the indicators of 
degenerative changes in the 
cervical spine

Protrusion of the intervertebral disc

Grade 0: No herniated disc
Grade 1: Herniated disc beyond the posterior border of the vertebral body without spinal cord compression
Grade 2: Herniated disc beyond the posterior border of the vertebral body with spinal cord compression
Spinal canal stenosis
Grade 0: Normal or mild subarachnoid stenosis
Grade 1: Anterior subarachnoid stenosis ≥ 50% without spinal cord compression
Grade 2: Spinal stenosis ≥ 50% with spinal cord compression
Stenosis of the intervertebral space
Grade 0: > 75% upper healthy disc height
Grade 1: 50%–75% upper healthy disc height
Grade 2: < 50% upper healthy disc height
Dorsal osteophytosis formation
Grade 0: None
Grade 1: Evident dorsal osteophytosis
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Two observers used this classification method to type 
1085 subjects, and the Kappa concordance results showed a 
very high level of agreement between them (Kappa = 0.873). 
The concordance rates were 88.38% (441/499) for type 
A MDBC, 92.96% (198/213) for type B MDBC, 91.83% 
(191/208) for type C MDBC, and 95.76% (158/165) for type 
D MDBC.

The inconsistency rate between the two observers was 
11.62% for type A MDBC, with 29 cases of type B MDBC, 
25 cases of type C MDBC, and 4 cases of type D MDBC. 
For type B MDBC, the inconsistency rate was 7.04%, with 
8 cases of type A MDBC and 7 cases of type D MDBC. For 
Type C MDBC, the inconsistency rate was 8.17%, with 4 
cases of Type A MDBC and 13 cases of Type D MDBC. 

Finally, for Type D MBCD, the inconsistency rate was 
4.24%; one case was classified as Type A, two were identi-
fied as Type B, and another four were categorized as Type C.

Univariate analysis of factors influencing MDBC 
imaging classification

The results showed that the MRI typing of the MDBC was 
influenced by sex, age, degree of intervertebral space steno-
sis, dorsal osteophytosis, and a combination of degenera-
tive changes in the cervical spine (P < 0.05), but not by the 
degree of protrusion of the intervertebral disc and spinal 
canal stenosis (P > 0.05) (Tables 3, 4, and 5).

Fig. 1   The T2-weighted imag-
ing image of the occipital and 
cervical portions (sagittal view) 
1, occipital bone; 2, posterior 
atlanto-occipital interspace 
(PAOiS); 3, posterior arch of 
atlas; 4, posterior atlanto-axial 
interspace (PAAiS); 5, spinous 
process of axis; 6, upper cervi-
cal dura mater. Arrows indicate 
the myodural bridge (MDB). 
Figure A: Type A MDB 
complex (MDBC): no MDBC 
low-signal shadow connected 
to the dura mater in either 
the PAOiS or PAAiS, Figure 
B: Type B MDBC: MDBC 
low-signal shadow connected 
to the dura mater in the PAOiS 
only (arrow), Figure C: Type 
C MDBC: MDBC low-signal 
shadow connected to the dura 
mater in the PAAiS only 
(arrow), and Figure D: Type D 
MDBC: both the PAOiS and 
PAAiS show MDBC hyposignal 
shadow with dural connection 
(arrow)

Table 2   Results of myodural 
bridge complex (MDBC) 
imaging classification

Type Type A MDBC Type B MDBC Type C MDBC Type D MDBC

Number of patients (patients [%]) 499 (46.0) 213 (19.6) 208 (19.2) 165 (15.2)
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Multi‑factor analysis of factors influencing MDBC 
imaging classification

The sex, age (group), degree of intervertebral disc protru-
sion, degree of spinal canal stenosis, degree of intervertebral 
space stenosis, osteophytosis formation, and joint action of 
multiple degenerative changes were used as independent 
variables, and MDBC MRI typing was used as the depend-
ent variable. A multifactorial logistic regression model with 
type A MDBC as the reference was developed. Fakhoury 
et  al. [5] concluded that in the process of degenerative 
changes in the human cervical spine, intervertebral disc pro-
trusion was a result of the dysfunctional and unstable phases, 
whereas spinal canal stenosis was caused by osteophytosis 
and intervertebral space narrowing. Therefore, in this study, 
participants with multiple degenerative changes combined 

with or without protrusion of the intervertebral disc or spinal 
canal stenosis were divided into four groups: normal cervi-
cal spine, protrusion of the intervertebral disc, degenerative 
changes in the cervical spine (protrusion of the intervertebral 
disc, intervertebral space stenosis, and dorsal osteophyto-
sis) without spinal canal stenosis, and degenerative changes 
in the cervical spine (protrusion of the intervertebral disc, 
intervertebral space stenosis, and dorsal osteophytosis) with 
spinal canal stenosis.

The factors influencing MDBC imaging typing were age 
(group), degree of intervertebral space stenosis, osteophy-
tosis formation, and the combined action of multiple degen-
erative changes based on multifactorial analysis (P < 0.05).

The incidence of type B and A MDBCs decreased and 
increased, respectively, with increasing age (10 years per 
age group), and the probability of type B MDBC decreased 

Table 3   Univariate analysis of 
the influence of general data on 
the myodural bridge complex 
(MDBC) types

*Statistically significant difference (P < 0.05)

Influencing factors Type A MDBC 
(patients [%])

Type B MDBC 
(patients [%])

Type C MDBC 
(patients [%])

Type D MDBC 
(patients [%])

χ2 P

Sex
Male 220 (44.1) 103 (48.4) 98 (47.1) 97 (58.8) 10.804 0.013*

Female 279 (55.9) 110 (51.6) 110 (52.9) 68 (41.2)
Age (group)
20–29 73 (36.5) 39 (19.5) 49 (24.5) 39 (19.5) 29.551 0.003*

30–39 119 (42.8) 60 (21.6) 47 (16.9) 52 (18.7)
40–49 102 (46.2) 48 (21.7) 42 (19.0) 29 (13.1)
50–59 105 (50.0) 35 (16.7) 37 (17.6) 33 (15.7)
60–69 100 (56.8) 31 (17.6) 33 (18.8) 12 (6.8)

Table 4   Univariate analysis of the influence of degenerative changes in the cervical spine on the myodural bridge complex (MDBC) types

*Statistically significant difference with P < 0.05

Indicators Type A MDBC 
(patients [%])

Type B MDBC 
(patients [%])

Type C MDBC 
(patients [%])

Type D MDBC 
(patients [%])

χ2 P

Degree of intervertebral disc protrusion
Grade 0 105 (48.4) 38 (17.5) 39 (18.0) 35 (16.1) 2.713 0.844
Grade 1 294 (44.5) 136 (20.6) 133 (20.1) 98 (14.8)
Grade 2 100 (48.3) 39 (18.8) 36 (17.4) 32 (15.5)
Degree of spinal canal stenosis
Grade 0 243 (44.0) 115 (20.8) 108 (19.6) 86 (15.6) 2.599 0.857
Grade 1 157 (47.9) 61 (18.6) 64 (19.5) 46 (14.0)
Grade 2 99 (48.3) 37 (18.0) 36 (17.6) 33 (16.1)
Degree of intervertebral disc narrowing
Grade 0 231 (40.3) 118 (20.6) 111 (19.4) 113 (19.7) 30.702 0*

Grade 1 116 (55.0) 51 (16.9) 50 (16.6) 35 (11.6)
Grade 2 102 (48.6) 44 (21.0) 47 (22.4) 17 (8.1)
Dorsal osteophytosis formation
Grade 0 185 (37.5) 89 (18.1) 113 (22.9) 106 (21.5) 45.390 0*

Grade 1 314 (53.0) 124 (20.9) 95 (16.0) 59 (10.0)
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to 0.977 times that of type A MDBC with each 10-year 
increase in age (odds ratio [OR] = 0.977, P < 0.05).

There was an increase in incidence of type C MDBC 
and a decrease in the incidence of type A MDBC with 
the progression of cervical intervertebral space stenosis, 
and the probability of type C MDBC increased 1.586 
times that of type A MDBC for each grade of severity of 
intervertebral space stenosis (OR = 1.586, P < 0.05).

Following the appearance of dorsal osteophytosis, there 
was a decrease in the incidence of type C and D MDBCs 
and an increase in the incidence of type A MDBC. The 
probability of type C and D MDBCs decreased to 0.296 
and 0.297 times that of type A MDBC, respectively 
(OR = 0.296 and 0.297, respectively; P < 0.05).

In the protrusion of the cervical intervertebral disc, 
compared to the normal cervical vertebra, the incidence 
of type B, C, and D MDBCs increased, whereas that of 
type A MDBC decreased. The odds of type B, C, and D 
MDBC occurrence increased to 2.760, 2.821, and 2.582 
times that of type A MDBC, respectively (OR = 2.760, 
2.821, and 2.582, respectively; P < 0.05).

In the case of cervical degenerative changes combined 
with spinal canal stenosis, there was an increase in the 
incidence of type C and D MDBC and a decrease in the 
incidence of type A MDBC when compared with nor-
mal cervical vertebrae. The incidence of type C and D 
MDBCs increased to 2.207 and 4.112 times that of type A 
MDBC, respectively (OR = 2.207 and 4.112, respectively; 
P < 0.05) (Table 6).

Discussion

MDBC imaging classification methods

Previously, the morphology of MDB via MRI demon-
strated the feasibility of morphological studies of MDB 
based on MRI techniques [8, 15–17]. In this study, an 
MRI-based classification of the MDBC was developed, 
with the typical T2WI signal presenting as a low-signal 
band from the suboccipital muscle, nuchal ligament, or 
vertebral body ending at the dura mater through the PAOiS 
or PAAiS. Moreover, depending on where the low sig-
nal was attached to the dura mater (PAOiS, PAAiS), the 
MDBC was classified into four types: A, B, C, and D. The 
distribution of the four types of the MDBC among the 
1085 participants was statistically analyzed. Type A, B, C, 
and D MDBCs accounted for 46.0%, 19.6%, 19.2%, and 
15.2% of the participants, respectively.

In this study, the MDBC was simultaneously observed 
in the PAOiS and PAAiS for the first time. Previous stud-
ies have focused on the morphology of the MDBC in the 
PAOiS or PAAiS alone; however, it has not been described 
and studied as a functional whole, concurrently with mul-
tiple sources of the MDBC in the suboccipital region. 
Humphreys et al. [8] in a controlled study of anatomical 
specimens and magnetic resonance images showed that 
the connection between the RCPmi and dura mater was 
displayed on T1-weighted imaging as a low-signal band 

Table 5   Univariate analysis of the influence of multiple cervical degenerative changes acting together on MDBC types

*Statistically significant difference at P < 0.05

Indicators Type A 
MDBC 
(patients [%])

Type B 
MDBC 
(patients [%])

Type C 
MDBC 
(patients [%])

Type D 
MDBC 
(patients [%])

χ2 P

Joint action of multiple degenerative changes
Normal cervical vertebra 105 (48.4) 38 (17.5) 39 (18.0) 35 (16.1) 110.079 0*

Protrusion of the intervertebral disc only 47 (27.3) 41 (23.8) 46 (26.7) 38 (22.1)
Protrusion of the intervertebral disc + spinal canal stenosis 17 (27.0) 6 (9.5) 13 (20.6) 27 (42.9)
Protrusion of the intervertebral disc + intervertebral space 

stenosis
8 (42.1) 2 (10.5) 5 (26.3) 4 (21.1)

Protrusion of the intervertebral disc + dorsal osteophytosis 25 (48.1) 15 (28.8) 7 (13.5) 5 (9.6)
Protrusion of the intervertebral disc + spinal canal steno-

sis + intervertebral space stenosis
8 (34.8) 3 (13.0) 10 (43.5) 2 (8.7)

Protrusion of the intervertebral disc + spinal canal steno-
sis + dorsal osteophytosis

37 (53.6) 18 (26.1) 6 (8.7) 8 (11.6)

Protrusion of the intervertebral disc + intervertebral space 
stenosis + dorsal osteophytosis

58 (63.0) 19 (20.7) 11 (12.0) 4 (4.3)

Protrusion of the intervertebral disc + spinal canal steno-
sis + intervertebral space stenosis + dorsal osteophytosis

194 (51.3) 71 (18.8) 71 (18.8) 42 (11.1)



131Surgical and Radiologic Anatomy (2024) 46:125–135	

from the RCPmi across the PAOiS toward the dura mater. 
Moreover, this low-signal band was part of the imaging 
presentation of the MDBC in the PAOiS, which was pro-
posed as type B MDBC or part of type D MDBC in this 
study. Scali et al. [15] and Shao et al. [16] described a 
low-signal shadow of the MDB in the PAAiS connected to 
the dura mater, a part of the MDBC in the PAAiS, which 
was proposed as type C MDBC or part of type D MDBC 
for this study. Additionally, Sun et al. [17] characterized 
the connection between the to be named ligament (TBNL) 
of the PAAiS and RCPmi on T2WI images using three-
dimensional (3D) MRI, where the TBNL was involved in 
forming the MDBC in the PAAiS. The TBNL described 
in this study was also a manifestation of the PAAiS of the 
type C MDBC or part of type D MDBC in this study.

Previous anatomical studies have identified the MDBC 
as concurrently present in the PAOiS and PAAiS. Zheng 
et al. discovered that the MDBC coexisted with the MDB 
originating from the RCPmi, RCPma, and OCI muscle [27]. 
A portion of the MDB originates from the ventral side of the 
RCPmi and travels with the cranial segment of the RCPma 
through the PAOiS to connect with the dura mater. Another 
portion of the MDB fibers emanated from the dorsal aspect 

of the RCPmi and the ventral aspect of the caudal segment 
of the RCPma, and the ventral aspect of the medial segment 
of the OCI muscle entered the central portion of the PAAiS 
and fused with the vertebral dural ligament. In 2016, Yuan 
et al. [25] found that the RCPmi was connected to the PAAiS 
in addition to the PAOiS and dura mater through P45 plasti-
nated specimens combined with gross anatomy. In addition, 
they proposed four termination types of RCPmi, suggesting 
the morphological diversity of the suboccipital group. Their 
reported findings also offered an anatomical basis for partial 
imaging typing of the MBDC proposed in this study (Fig. 2). 
The results of this study, in conjunction with previous ana-
tomical studies of the MDBC, enabled us to conclude that 
the MBDC was morphologically diverse.

Factors influencing the MRI typing of the MDBC

In this study, age and cervical degeneration substantially 
contributed to MDBC imaging staging.

The population distribution of MDBC imaging classifi-
cation changed noticeably with age. The analysis indicated 
a decrease and increase in the incidence of type B and C 
MDBC, respectively, with aging. Additionally, the present 

Table 6   Multi-factor logistic regression analysis of factors influencing MDBC imaging typing

*Statistically significant difference at P < 0.05

Typing Factors B P OR OR 95% CI

Type B MDBC Age (group)  – 0.023 0.011* 0.977 0.959 0.995
Degree of intervertebral space stenosis 0.040 0.793 1.041 0.769 1.409
Formation of dorsal osteophytosis 0.501 0.196 1.651 0.772 3.530
Joint action of multiple degenerative changes
Protrusion of the intervertebral disc only 1.015 0* 2.760 1.561 4.880
Cervical degenerative changes with no spinal canal stenosis 0.073 0.869 1.076 0.450 2.572
Cervical degenerative changes with spinal canal stenosis 0.076 0.856 1.078 0.477 2.437
Normal cervical vertebra 0

Type C MDBC Age (group)  – 0.012 0.212 0.988 0.969 1.007
Degree of intervertebral space stenosis 0.462 0.006* 1.586 1.141 2.206
Dorsal osteophytosis formation  – 1.216 0* 0.296 0.158 0.555
Joint action of multiple degenerative changes
Protrusion of the intervertebral disc only 1.037 0* 2.821 1.611 4.939
Cervical degenerative changes with no spinal canal stenosis 0.464 0.237 1.590 0.737 3.431
Cervical degenerative changes with spinal canal stenosis 0.792 0.022* 2.207 1.123 4.339
Normal cervical vertebra 0

Type D MDBC Age (group)  – 0.011 0.295 0.989 0.969 1.010
Degree of intervertebral space stenosis  – 0.280 0.136 0.756 0.523 1.092
Dorsal osteophytosis formation  – 1.276 0* 0.279 0.148 0.527
Joint action of multiple degenerative changes
Protrusion of the intervertebral disc only 0.949 0.002* 2.582 1.435 4.645
Cervical degenerative changes with no spinal canal stenosis 0.669 0.126 1.953 0.829 4.603
Cervical degenerative changes with spinal canal stenosis 1.414 0* 4.112 2.118 7.983
Normal cervical vertebra 0
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study concluded that sex did not have a noticeable effect on 
MDBC typing.

Among the indicators of cervical degeneration included 
in the examination, the incidence of type A MDBC increased 
in the presence of dorsal osteophytosis, whereas the inci-
dence of both type C and D MDBC decreased. Aging and 
dorsal osteophytosis formation share similarities in their 
influence on the population distribution of MDBC imaging 
classification, and additional studies are warranted on their 
influence on MDBC type and whether they share common 
mechanisms.

The degree of intervertebral space stenosis is another 
factor affecting MDBC typing. The degree of interverte-
bral space stenosis intensifies, with more type C MDBC 
and fewer type A MDBC cases. A decrease in cervical disc 
height has been demonstrated to possibly lead to cervical 
instability and normal cervical curvature loss. In all changes 
in the cervical curvature, there is a compensatory C0–2 
angle to maintain a normal horizontally oriented view, with 
the RCPmi and RCPma playing a critical role in this process. 
This may be associated with an increase in the incidence of 
type C MDBC and a decrease in the incidence of type A 
MDBC [11, 19, 24].

The potential of MRI techniques in MDBC research

MRI techniques are widely used in clinical studies related 
to MDBC, providing both direct anatomical information 

and functional insights. Phase-contrast magnetic resonance 
imaging (PC-MRI) is an important tool for assessing cere-
brospinal fluid circulation dynamics. By using PC-MRI tech-
niques, Xu et al. [22, 23] discovered that head shaking and 
nodding motions dramatically altered the cerebrospinal fluid. 
Head movements further influenced the cerebrospinal fluid 
circulation. This provided strong evidence for the involve-
ment of the MDBC in the regulation of CSF circulation. On 
the other hand, new methods are being utilized more and 
more to study the cerebrospinal fluid circulation, such as 
4D Flow MRI, which can show the cerebrospinal fluid mov-
ing in several directions and has a greater spatial resolution 
that makes it easier to quantify pressure gradients. By pull-
ing on the dura mater through the MDBC and altering the 
morphology of the subarachnoid space in the corresponding 
region, the suboccipital muscles’ involvement in head move-
ments further influenced the cerebrospinal fluid circulation. 
This provided strong evidence for the involvement of the 
MDBC in the regulation of cerebrospinal fluid circulation. 
On the other hand, new methods are being utilized more and 
more to study the cerebrospinal fluid circulation, such as 4D 
Flow MRI, which can show the cerebrospinal fluid mov-
ing in several directions and has a greater spatial resolution 
that makes it easier to quantify pressure gradients. Heidari 
et al. [9] assessed the accuracy of 4D Flow MRI for cerebro-
spinal fluid dynamics and discovered that it was a reliable 
assessment of cerebrospinal fluid flow rate and distribu-
tion. Furthermore, MRI techniques can provide functional 

Fig. 2   P45 plasticized speci-
men in the suboccipital region 
(midsagittal images) (Yuan 
et al. [25]). Figure A: Sparse 
and scattered myodural bridge 
(MDB) fibers in the posterior 
atlanto-occipital interspace 
(PAOiS) and posterior atlanto-
axial interspace (PAAiS), 
consistent with type A MDB 
complex (MDBC), and Figures 
B, C, and D: MDB fibers aggre-
gated in bundles in the PAOiS 
and PAAiS, consistent with type 
D MDBC. 1, PAOiS; 2, poste-
rior arch of atlas; 3, PAAiS; 4, 
rectus capitis posterior minor 
muscle; 5, upper cervical dura; 
and 6, inferior nuchal line
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information on MDBC-related muscles, allowing for a more 
specific assessment of MDBC, which requires certain spe-
cial sequences or MRI techniques, such as magnetic reso-
nance spectroscopy (MRS), diffusion-weighted imaging 
(DWI), diffusion tensor imaging (DTI), and so on [18]. The 
more extensive examination of MDBC-related muscle tis-
sue allows for a better understanding of the pathophysiology 
of MDBC-related illness and the development of a more 
detailed treatment strategy. Unlike traditional MRI scans, 
which only give anatomical information, the use of func-
tional MRI imaging will uncover problems in some ‘normal’ 
structures, which will be a new trend in future functional 
research connected to MDBC.

Concluding remarks

Based on the MRI signal characteristics of the PAOiS and 
PAAiS, the MDBC consists of four imaging types, and the 
morphology of MDBC features population diversity.

MDBC MRI typing is influenced by age and degenerative 
changes in the cervical spine, and MDBC imaging classifica-
tion is distributed variably in the population.

Limitations of this study

The limitations of this study are as follows: (1) This was 
a single-center retrospective study. (2) Owing to the limi-
tations of conventional MRI in terms of clarity and layer 
thickness, some false-negative results for the MDBC may 
have resulted in the increased incidence of type A MDBC 
in this study. This may be due to the application of high-
resolution or 3D MRI. (3) The present study failed to quan-
tify the imaging indicators of the MDBC, and subsequent 
studies should be conducted to adopt special MRI sequences 
and corresponding post-processing techniques to quantify 
the MDBC. (4) The population selected in the present study 
did not include individuals aged < 20 and ≥ 70 years, and 
some limitations may be present in the description of the 
distribution of MDBC types in the entire population. (5) As 
this was not a natural history study on cervical degenerative 
changes, only the four most common and significant cervical 
degenerative changes were selected to determine the cervical 
degenerative changes without incorporating other degenera-
tive changes. Our results highlight that degenerative changes 
in the cervical spine might influence the MDBC type via 
some mechanisms. However, further studies are required to 
confirm the specific changes and mechanisms of influence 
of MDBC type throughout the progression of degenerative 
changes in the cervical spine.
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