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LITERATURE REVIEW

A Systematic Review of the Soft-Tissue
Connections Between Neck Muscles and

Dura Mater

The Myodural Bridge

Luis Palomeque-del-Cerro, PT, PhD,* ¥ Luis A. Arréez-Aybar, MD, PhD,S Cleofas Rodriguez-Blanco, PT, PhD, "
Rafael Guzman-Garcia, PT,* Mar Menendez-Aparicio, PT,!l and Angel Oliva-Pascual-Vaca, PT, PhDY

Study Design. Systematic review.

Objective. To elucidate the existence of soft tissue connections
between the neck muscles and cervical dura mater.

Summary of Background Data. Several studies discuss the
existence of a cervical myodural bridge; however, conflicting
data have been reported.

Methods. Searches were conducted in the PubMed, Web of
Science, Cochrane Library, and PEDro databases. Studies report-
ing original data regarding the continuity of non-post-surgical
soft tissue between the cervical muscles and dura mater were
reviewed. Two reviewers independently selected articles, and a
third one resolved disagreements. Another two researchers
extracted the methodology of the study, the anatomical findings,
and evaluated the quality of the studies using Quality Appraisal
for Cadaveric Studies Scale. A different third researcher resolved
disagreements.

Results. Twenty-six studies were included. A soft tissue con-
nection between the rectus capitis posterior minor, the rectus
capitis posterior major, and the obliquus capitis inferior muscles
seems to be proved with a strong level of evidence for each one
of them. Controversy exists about the possible communication
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between the dura mater and the upper trapezius, rhomboideus
minor, serratus posterior superior, and splenius capitis by means
of the ligamentum nuchae. Finally, there is limited evidence
about the existence of a soft tissue connection between rectus
capitis anterior muscle and the dura mater.

Conclusion. There is a continuity of soft tissue between the
cervical musculature and the cervical dura mater; this might
have physiological, pathophysiological, and therapeutic implica-
tions, and going some way to explaining the effect of some
therapies in craniocervical disorders.

Key words: anatomy, cerebrospinal fluid, connective tissue,
dura mater, fascia, muscles, neck muscles, proprioception,
spine, superficial back muscles.
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raniocervical pain has a high prevalence with con-

siderable physical, psychological, and socioeco-

nomic effects?; however, the pathophysiology of
many of the disorders involving craniocervical pain are still
not completely understood.®> These disorders may relate to
issues as seemingly disparate as posture and muscle con-
dition* or the state of the cerebrospinal fluid,” making the
diagnosis of a patient with craniocervical pain a real
challenge.

For the treatment of these pathologies, the suboccipital
region has been commonly the target area of different
approaches®~® based on its anatomy, which has been studied
in depth recently. It has been described the existence of a
myodural bridge, which means a connection between dura
mater and muscles by means of soft tissue. According to this
structure, several changes to the classical anatomy have been
claimed, such as the inclusion of the rectus capitis posterior
minor (RCPmi) myodural bridge in the anatomy text-
books,'® but some findings seem to be contradictory, such
as the existence or not of a connection between cervical
muscles and the dura mater by means of ligamentum nuchae
(LN).'112 Besides, as a result of these new craniocervical
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Records after
removed, n=479

duplications
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Excluded due to language, n=11
Non-compliance with the study’s objective from
reading the title and/or summary, n=411

Records identified through cited articles, n=1

Full-text articles assessed for eligibility, n=58

Excluded, n=32

mater and the muscles, n=30

Not supplying original data, n=2
Not developping a connection between the dura

Studies included in the

n=26

review,

anatomic knowledge regarding the existence of a fascial
continuity between the cervical muscles and the dura mater,
several physiological,'® pathophysiological,'* diagnostic,"?
and therapeutic® consequences have been proposed related
to craniocervical disorders.

The aim of the present study is to systematically review
the recent anatomical findings regarding the existence of a
soft tissue bridge between the cervical muscles and the dura
mater in the upper cervical spine.

METHODS

This systematic review has been performed according to the
Preferred Reporting Item for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines.'®

Search Strategy

A systematic search of PubMed, Web of Knowledge, the
Cochrane Library, and PEDro was performed between 29
and 31 November 2015 with no limits on dates. In the first
three databases the specific search string used was ([liga-
ment™ OR musc*] AND [cervic® OR neck] AND [“dura
mater”> OR mening”]) OR “‘myodural bridge.” In the PEDro
database, the search terms were myodural, “dura mater,”
dura and duramater. We also reviewed “cited-by” articles to
ensure that every suitable study was included.

Study Selection
We included in this review any article published in scientific
journals in English, Spanish, Portuguese, or French which
report original data of a continuity of non—post-surgical soft
tissues between the cervical muscles and the dura mater.
Studies were excluded if the continuity described between
the cervical musculature and the dura mater was achieved
through intermediate bony elements. The study selection
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Figure 1. Flowchart diagram.

was undertaken independently by two members of the
research team (M.M. and A.O.) according to the inclusion
and exclusion criteria. If needed, a third member of the
research team (C.R.) resolved any disagreements. Figure 1
shows the flow diagram for the selection process.

Data Extraction

Once the studies had been selected the following infor-
mation was retrieved from each one: bibliographic refer-
ence, participating sample, methodology followed to allow
a description of the soft tissue that formed a continuity
between muscle tissue and the dura mater, and the anatom-
ical findings. These data were obtained by two researchers
(R.G. and L.P.) following a standardized form. Disagree-
ments were resolved by a third researcher (L.A.).

Methodological Quality

QUACS Scale (Quality Appraisal of Cadaveric Studies),
which is a highly reliable scale in assessing the methodo-
logical quality of observational dissection studies,'”'® was
used to evaluate the methodological quality of the selected
studies. This scale is conformed by a checklist of 13 dichot-
omous items, which can be pointed with zero (no/not stated)
or one (yes/clearly present). Percentage is used to score the
quality of the study. Eighty-one percent to 100% indicate
excellent, 61% to 80% substantial, 41% to 60% moderate,
21% to 40% fair, and 0% to 20% poor methodological
quality. These ratings were done by the same two research-
ers who performed data extraction, and disagreements were
also resolved by the third one. Finally, according to the
Cochrane Collaboration Back Review Group,'? the level of
evidence was considered not existent (no studies available),
conflicting (inconsistent findings among multiple studies),
limited (one low-quality study), moderate (consistent
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Methodology and Anatomical Findings in the Selected Studies

Study Sample Size Sample Type Method MB (Interspace)
1. Lazorthes et al, 1953°° 25 ND ND RCPmi (Occ-C1)
2. Kahn et al, 19922 8 Adult=New born Diss—Hist—MRI— RCPmi (Occ-C1); RCPma
scanography (C1-C2) OCI (C1-C2)
3. Hack et al, 1995'3 11 Adult Diss (emb—fresh) RCPmi (Occ-C1)
4. Hack et al, 1996** ND Cadaver—clinical MRI (T1 and T2) RCPmi (Occ-C1); Not
population defined muscle (C1-
C2)
5. Rutten et al, 19972 7 ND Diss (emb—fresh) RCPmi (Occ-C1) LN
(Occ-C1 and C1-C2)
6. Hack et al, 1997%* 1 ND Diss (emb) Suboccipital muscles
(C1-C2)
7. Mitchell et al, 1998%° 10 Adult Diss (emb) N (C1-C2) RCPmi
8. Koritzer and Harris, >30 Cadaver Diss—Hist RCA
2000%°
9. Johnson et al, 2000’ 8 Adult Diss—Plast (E12) No LN
10. Dean and Mitchell, 10 Adult Diss LN (Occ-C1 and C1-C2)
2002%8 RCPmi
11. Zhang and Lee, 6 Adult Plast (E12) No LN (Occ-C1 nor C1-
20022 C2)
12. Humghreys et al, 30 Cadaver Diss (emb)—MRI LN (C1-C2) RCPmi (Occ-
2003 C1)
13. Hack and Hallgren, 1 Clinical population MRI—surgery RCPmi (Occ-C1)
20048
14. Nash et al, 2005"" 22 Adult Diss (emb)—Plast (E12) | RCPmi No LN (Occ-C1)
15. Zum ;)ano et al, 75 ND Diss RCPmi
2006
16. Demetrious, 2007°* 1 Living adult MRI RCPmi
17. Scali et al, 2011°3 13 Adult Diss (emb) RCPmi RCPma (C1-C2)
OCI (C1-C2) No OCS
18. Kahkeshani and 1 ND Diss RCPmi
Ward, 2012'°
19. Scali et al, 2013%* 11 ND Diss (emb—fresh) RCPma (C1-C2) OCI (C1-
C2)
20. Scali et al, 2013"° 240 Clinical population MRI RCPmi (Occ-C1); RCPma
(C1-C2) OCI (C1-C2)
21. Pontell et al, 20133> 9 ND Diss RCPmi RCPma OCI (C1-
C2)
22. Pontell et al, 2013'* 8 Adult Diss (emb)—Hist RCPma OClI
(neuroanalysis)
23. Pimenta et al, 2014%° 11 Adult—fetus Diss (fresh)—Hist RCPmi (Occ-C1); RCPma
(C1-C2) No LN (Occ-
C1 nor C1-C2)
24. Zheng et al, 20142 30 Adult Diss—Plast (P45) LN (C1-C2)
25. Yuan et al, 2015% 19 Adult Diss—Plast (P45) (emb) | RCPmi (Occ-C1) (C1-C2)
26. Scali et al, 20158 23 Adult Diss—Plast (E12)—Hist— | RCPmi (Occ-C1); RCPma
Emb (C1-C2) OCI (C1-C2)
C1 indicates atlas; C2, axis; Diss, dissection; Dura, dura mater; Hist, histological analysis; ND, not defined; LN, ligamentum nuchae; MB, myodural bridge;
MRI, magnetic resonance imaging; Occ, occipital bone; OCl, obliquus capitis inferior; OCS, obliquus capitis superior; Plast, plastination; RCA, rectus capitis
anterior; RCPma, rectus capitis posterior major; RCPmi, rectus capitis posterior minor.

the study’s objectives from reading the title and/or the
summary, 422 studies were excluded. One more record
was included from the reference list of an article. After
full-text reading, 26 studies were finally included in this
review (Figure 1). Twenty of the selected articles correspond
to observational studies, with the original observational
data from one of them included within a review article.

findings among multiple low-quality studies or one high-
quality study), or strong (consistent findings among multiple
high-quality studies).

RESULTS

From the systematic literature search, 479 studies were
identified. Taking into account the exclusion criteria and
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Two selected articles were anatomical findings described in
case study reports, whereas another three articles included
in the review were letters that contained original observa-
tional data. Lastly, one of the articles selected related to
original observational data included in a summary of a
communication at a conference.

The majority of the studies approached the subject
through dissections, mainly of embalmed corpses, although
there were also studies of fresh cadavers. The techniques of
plastination were used in five investigations. Magnetic
resonance imaging of cadavers was performed in two stud-
ies, whereas in five investigations magnetic resonance imag-
ing was performed on live subjects. Histological analysis
was performed on tissue samples in six of the studies. Lastly,
one other study used CAT scans, whereas in another the
confirmation of the existence of the myodural bridge came
from a surgical procedure (Table 1).

Myodural bridges were found at the level of the occiput-
C1 and C1-C2 intervals, but with various degrees of evi-
dence to support their existence. There is strong evidence
about the existence of a soft tissue continuity between the
dura mater and three suboccipital muscles: RCPmi, rectus
capitis posterior major (RCPma) and obliquus capitis
inferior (OCI). On the contrary, there is conflicting evidence
about the existence of a continuity between the dura mater
and the LN, in which several muscles such as upper trapezius
(UT), splenius capitis (SC), rhomboideus minor (RM), and
serratus posterior superior (SPS) are attached. To finish
with, evidence about a bridge between the rectus capitis
anterior (RCA) is limited (Table 2).

DISCUSSION

The present systematic review provides important infor-
mation for professionals managing with people suffering
from several craniocervical disorders because direct
morphological continuity between cervical muscles and
the dura mater constitutes the empirical background to
extend diagnostic and therapeutic focus beyond one single
anatomical structure separately.'® The results of this review
confirm the existence of myofascial bridges with the dura
mater at a cervical level in relation to the RCPmi, RCPma,

and OCI muscles. With respect to the RCA, despite only one
study?® mentions the anterior myodural bridge, it confirmed
its existence in more than 30 cadavers dissected and sub-
sequent histological analysis. More research is, however,
needed to confirm the existence of this bridge. Finally,
regarding possible connection between the UT, SC, RM,
and SPS muscles with the dura mater through the LN, it
seems controversial. While several studies affirm the exist-
ence of this bridge (five studies that analyzed a total of 87
cases) a similar number of studies deny its existence (four
studies) although they only studied about half as many cases
(47 cases). A possible explanation for this disagreement can
be the fact that, despite some authors have described the
bridge between the LN and the dura mater to be a dense
fibrous band,** other authors have described the upper part
of the LN to be constituted by loose fatty connective tissue
so that they discard it as a connective junction, considering it
a fatty space.?” It must be taken into account that it is not
always easy to clearly identify the limit between two kinds of
tissue and the fact that there is no absolute criterion to
determine what “loose” means.”” Anyway, other authors
consider that even being thin loose connective tissue, it
might have a potential functional importance.''

An historical perspective can be helpful to understand the
results obtained in this systematic review. The first reference
encountered is that of Lazorthes et al*° from 1953, who only
described the myodural bridge of the RCPmi. This article
was published in French, which could have limited its
audience. Up until 1992 there were no other descriptions
of dural unions in the RCPma and OCIL*' Hack et al'® in
1995 affirm that they were the first to describe a myodural
bridge, specifically with the RCPmi. Their publication in
English and the consolidation of the bibliographic databases
in these dates has meant that they are considered to be the
first authors to discover the existence of a myodural bridge
and this may be the reason why there are many more studies
focusing on the RCPmi. The research into the bridges of the
RCPma and OCI muscles intensified from 2011.% It is also
interesting that the study by Koritzer and Harris*® regarding
the presence of an anterior myodural bridge with the RCA
has never been cited in the data available through the Web of

Number and Quality of Included Studies Reporting Soft Tissue Continuity Between

Cervical Muscles and the Dura Mater: Level of Evidence

Level of

Total Excellent Substantial | Moderate Fair Poor Evidence
RCPmi 19 1 9 6 2 1 Strong
RCPma 8 2 5 1 Strong
OcCl 7 2 4 1 Strong
LN 5 2 2 1

Conflictin

No LN 4 3 1 8
RCA 1 1 Limited
LN indicates ligamentum nuchae; No LN, ligamentum nuchae does not bridge to dura mater; OCl, obliquus capitis inferior; RCA, rectus capitis anterior;
RCPma: rectus capitis posterior major; RCPmi: rectus capitis posterior minor.
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Science. In addition, this study is only recorded in this
database and it relates to a summary of a communication
at a conference, which may go some way to suggesting why
there has not been more research into this anterior
myofascial bridge.

The fact that all of the investigations found the bridges in
every studied specimen or in a very high percentage of them
implies that these results are not incidental findings or
anatomic abnormalities. In this sense, the various authors
that have addressed the issue have suggested that these
myodural connections may have a functional meaning,
and pathophysiological and therapeutic implications.
Despite they seem to be important, none of them has,
however, been probed, so more research is needed to
elucidate them.

LIMITATIONS

QUACS Scale was designed to assess observational cadav-
eric studies, whose aim is mostly to get anatomical data. In
this review, five of the studies were performed on living
subjects as a sample. They were observational anatomical
studies and case reports in which the authors described
observational anatomical data. To our knowledge there
are no suitable scales to assess the methodological quality
of these types of study; however, we found no problem when
using QUACS Scale in these articles, because all of the items
included in the QUACS Scale could be easily applied on
these five investigations. Furthermore, some of the articles
reviewed had low quality. In them, the methodology used
for obtaining the reported original anatomical data has not
been fully explained as the studies were very old or from
scientific letters or in a summary of a communication at
a conference.

In conclusion, the present review provides first system-
atical evidence of the existence of a morphofunctional soft
tissue continuity between the neck muscles and cervical dura
mater. The existence of these myodural bridges has been
demonstrated for RCPmi, RCPma, and OCI muscles, but
not for RCA, RM, SC, UT, or SPS muscles. Clinicians may
consider the myodural bridge as a structural demonstrated
element but should be aware that more research is needed
about its meaning and possible pathophysiological and
therapeutic implications.

> Key Points

O This systematic review provides evidence of the
existence of physiological soft tissue connections
between dura mater and RCPmi, RCPma, and
OCI muscles.

O Controversy exists about the possible
communication between the dura mater and the
UT, RM, SPS, and SC by means of the LN.

O There is limited evidence about the existence of a
soft tissue connection between RCA muscle and
the dura mater.

O The myodural bridge may have a physiological
role.

@ It also might help to explain certain symptoms on
subjects suffering from craniocervical disorders,
and the mechanical and neurophysiological
effects of physical interventions such as
massage, exercise, manipulation, or surgical
section.
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