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Anatomical Parameters of the Rectus Capitis Posterior Minor
Muscle Based on a New Magnetic Resonance Scan Method
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SUMMARY: The past findings confirm that the Rectus Capitis Posterior minor (RCPmi) is connected to the cervical spinal dura
mater via the Myodural Bridge (MDB) through the posterior antlanto-occipital interspace. It is hypothesized to performcsioms fun
Furthermore, some clinical studies found that the pathology of RCPmi might be related to chronic headaches. But few studies wer
related to the morphological parameters of the RCPmi. It would be conducive to performing clinical researches on the RCPmi and
MDB. To explore the optimal section for measuring the RCPmi by MRI and provide imaging anatomy parameters of the RCPmi for
clinical research. The RCPmi was measured in the dissection of 10 formalin-fixed cadaver specimens. The morphological parameter
the RCPmi were obtained. Based on these parameters, T2-weighted images of the RCPmi were collected from 109 healthy adults by
using the MRIs with different oblique sagittal scanning angles. The parameters of length and area of the RCPmi on theestiansing
were measured using MRI workstation and Mimics software. The length of RCPmi reached a maximum at 30 degrees scanning leaned
from the posterior median line through the dens of the axis in oblique sagittal section. At this scanning section, thél€Rgtt was
21.2+ 2.6 mm in males and 19432.4 mm in females and the area of RCPmi was 912%.2 mni in males and 73.8 22 mn¥ in
females. These parameters of RCPmi were present with significant gender differences (P < 0.05) but was not age reldtegteddirty
leaned from the median line was suggested to be the optimum scanning angle to display the RCPmi in oblique sagittaksection. Th
reference values of length and area of the RCPmi were established for studies of hypertrophy or amyotrophy of the RCPmi.
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INTRODUCTION

The suboccipital region is a complex anatomicaknsion to the dura under (Chagigal; McPartlandet al;
structure with the rectus captis posterior major (RCPmaRuttenet al, 1997; Fernandez-de-Las-Peiasl, 2008;),
the rectus capitis posterior minor (RCPmi), and the obliquusaintaining the integrity of the subarachnoid space
capitis inferior (OCI) as part of an important anatomicaMcPartlancetal.; Fernandez-de-Las-Pefesl, 2008), and
structure in this region for connecting with the dura matevorking as a pump via the MDBs to provide power for CSF
via the myodural bridge (MDB) (Hack al, 1995; Pontell circulation (Suet al; Zhenget al; Yuanet al, 2016).
etal, 2013; Scalet al, 2013; Stet al, 2013; Zhengt al,  Furthermore, Some clinical studies found that the pathology
2014). In the past 20 years, it was proposed that through #fehe suboccipital muscles, for instance atrophy or swelling
MDBs the RCPmi might perform some physiologicabf the RCPmi, might be closely related to chronic cervical
functions, like protecting the spinal cord from dural enfoldineadaches (McPartlaetlal; Alix & Bates, 1999; Fernandez-
(Changet al, 1992; Hacket al; McPartlandet al, 1997; de-Las-Pefiast al, 2007; Ferndndez-de-Las-Pefesal,
Fernandez-de-Las-Pefetsl, 2008; Pontekt al), placing  2008). Although the RCPmi has been studied with emphasis
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on their physiological and pathological significance, there isiformed consent was obtained from all volunteers.

a paucity of data in the imaging anatomical parameters of this

muscles. Therefore, the purpose of this study was to provide A 0.35T MRI scanner (BTI-035, Shengzhen Basda

imaging anatomical parameters of the RCPmi by anatomiddledical Apparatus Co., Ltd.) was used with a neck coll

dissections and MRI imaging. phased array. The scanning sequence T2WI/FSE (TR/TE
3,200 ms/ 115 ms) was employed with a thickness of 5 mm,
interval of 1 mm, 256 X 279 matrix, 272 X 272 mm view

MATERIAL AND METHOD field, and two activations.

The left RCPmi was imaged by T2-weighted scanning
Approval for this study was obtained from the Ethicsvith seven kinds of scanning angles separately, including 0,
Committee for Research of Basic Medical College of Dalia®5, 30, 35, 40, 45, and 50 degrees. The 0 degree scanning
Medical University. section was five millimeters left to the median sagittal plane
and the others pivoted on the dens of the axis (C2) and turned
Measurement of the RCPmi in dissected necto left with 25, 30, 35, 40, 45, and 50 degrees respectively
specimens. Ten formalin -fixed adult male cadaveri@Fig. 2). The oblique sagittal plane T2-weighted images of
specimens were dissected at the suboccipital region. TREPmI according to scanning degrees were collected. After
superficial structures of the upper back were removed tioat, the length of RCPmi was measured by MR workstation.
expose RCPmi from their point of origin to insertion; theiThe section with the longest RCPmi was selected as the
morphological parameters of the RCPmi were measured. Ttigtimal one to show. And then in this section, the area of
measurements include the length of medial and laterCPmi was measured by Mimics software 16.0 (Belgium),
margins of RCPmi and the angle between them, and the widihd the whole length of the RCPmi from origin to insertion
of the origin and insertion of RCPmi (Fig. 1). Based on theas measured as well (Fig. 3).
angle value, the length of the RCPmi along the angle bisector
was measured (Fig. 1). Analysis of data.The range, 95 % confidence interval, mean,
and standard deviation of the morphological parameters of
MR imaging measurement of the RCPmi inthe RCPmi were calculated. Comparisons between the
volunteers. One hundred and nine healthy adults (47 mabajacent angles, sexs or age groups were tested using One-
and 62 females, age range from 19 to 70 years with an aVéay ANOVA analysis and a paired sample T-test. A p value
rage of 39.2t 14.1 years) were included in the study. N@f less than 0.05 indicated a statistically significant
pathological changes were found in the necks of volunteemifference.

r

Fig. 1. Measurements of the
RCPmi in a case of the
specimens (dorsal and inferior
view). The a was an angle
between the medial and lateral
margins of the RCPmi. The LL
showed the length of the lateral
margin, and the ML showed the
length of the medial margin of
the RCPmi. The BL showed the
length of the RCPmi along its
angle bisector. The OW showed
the width of the origin of RCPmi,
and the IW showed the width of
the insertion of the RCPmi.
OCC, the occipital bone. RCPmi,
the rectus capitis posterior
minor. s, the inferior nuchal
line, the insertion of the RCPmi.
PT, the origin of the RCPmi, the
posterior tubercle of the atlas
arch. PA, the posterior arch of the
atlas. TP, the transverse process
of the atlas. C1, the atlas.
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/

Fig. 2. Definition of MR scanning reference lines, a case of 3
degree scanning., showing the 30 degree scanning line throug
the dens of axis. *, the dens of axis.the atlas[d, the axis. In

each scanning, the T2 weighted image, which passed through i§g 3. A case of T2WI image of the RCPmi with thirty-degree bias

dens of the axis, was collected for measurements. from the oblique sagittal plane. The RCPmi (?) is presented in the
region of low signal. The L showed the length of the RCPmi and
RESULTS the range of its area measurement was outlined by the dotted line.

OCC, occipital bone. C1, the atlas.

Anatomical parameters of RCPmi measured iwas exposed from the posterior tubercle of the atlas to the
dissected specimen. In the suboccipital region, the RCPmierior nuchal line of the occipital bone. It was found to be

Table I. Anatomical parameters of the RCPmi in male adult cadaver specimens (n=17 sides).

Value Angle (degree)  ML(mm) LL (mm) BL (mm) OW (mm) IW (mm)
rangs 55.0-72.0 20.5-39.2 18.6-42.2 15.8-36.2 5.5-11.0 17.7-34.9
95% confidence intervals 58.5-62.9 24.4-29.6 2128 25.2-30.3 7.2-8.7 24.9-29.6
Mean+SD 60.7+4 .4 27.04£5.0 24.546.8 27.8+£5.0 7.9+1.4 27.244.6

Note: the LL showed the length of the lateral margin, and the ML showed the length of the medial margin of the RCPmi.dedheskength of
the RCPmi along its angle bisector. The OW showed the width of the origin of RCPmi, and the IW showed the width of thefrtherfRCPmi.

Table 1. Length of the RCPmi with different oblique sagittal sections (mm).

Rang 95% confidenc Mean+SD Rang 95% confidence Mean+SD
¢ intervals intervals

15.2-27.1. 18.7-20.3 19.5+2.7 12-22.5 17-18.2 17.6+£2.3
13.6-25.3 18.9-20.4 19.7£2.6 12.4-234 17.3-18.4 17.9+£2.2
15.7-26.7 20.5-22 21.2+£2.6 12.4-24 18.7-19.9 193+£24
1524.3 18.8-20.2 19.4+2 .4 11.6-23.3 16.9-18.1 17.5+2.3
14.1-23.3 17.7-19 184+22 10.7-22.5 15.9-17.1 16.5+£2.3
13.9-22.4 17-18.2 17.6 +2.1 10.2-21.4 15.1-16.3 15722
12.4-23.3 159-17.2 16.6 £2.2 7.320.3 14.2-15.4 148+2.3

Note: *there were statistical significances in the length of the RCPmi between adjacent scanning angles (P< 0.05) except that
between the 0 and 25-degree groups (P>0.05).
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a fan shaped muscle with 68.4.4 degrees. The medialthe length of RCPmi reached a maximum. Consequently,
margin of the RCPmi lateral to the posterior median linthis oblique sagittal scanning angle could be regarded as the
was 27.@ 5.0 mm long and the lateral margin was 24.8optimum to reveal the RCPmi. At this angle, its length was
6.8 mm long. The length of the RCPmi along the angl.2+ 2.6 mm in males and 19432.4 mm in females with
bisector was 2785.0 mm. And the widths of the origin a significant sex difference (p< 0.05). In addition, the length
and insertion of the RCPmi were #4 and 27.24.6 of the RCPmi from its origin to insertion was 26323 mm
respectively. The anatomical parameters of the RCPmi aremales and 23#2.6 mm in females with a significant sex
summarized in Table I. In addition, RCPmi was absent afifference (P < 0.05) (Table IlI).

either sides of one of the subjects. Consequently, the RCPmi
of only 17 specimens were accounted for. Furthermore, the sectional area of the RCPmi at 30
degrees scanning was measured with 2129.2 mm2 in
Imaging anatomical parameters of the RCPmiBased on males and 73.83 22.0 mm2 in females. The sex difference
the multi-angles scanning, Length of the RCPmi wawas statistically significant (P < 0.05) (Table 1V). In order
measured in variation scanning sections and shown in Talbbeexplore age changes in the RCPmi, the male and female
II. It was found that the length of RCPmi varied accordingroups where further divided into two age groups, greater
to variation of the scanning angles. The length of RCPrifian 45 years old and less than or equal to 45 years old
was significantly different between adjacent scanning anglesspectively. There were no age changes in the length and
except between the 0 and 25 degrees. At 30 degrees scanrangg of the RCPmi in males and in females (Tables V, VI).

Table Ill. The whole length from origin to insertion of the RCPmirable IV. The sectional area of the RCPmi with 30-degree oblique
with 30-degree oblique sagittal plane. sagittal plane.

Value Male (n=47)  Female (n = 62) Value Male (n =47) Female (n = 62)
Ranges 18.3-33.3 16.5-29.8 Rangs 41.7-156.2 30.8-128.3
95% confidence 25.2-27.1 22.5-23.8 95% confidence 84.0-99.9 67.8-78.9
Mean+SD 26.243.3 23.14£2.6 intervals
F value 29.629 Mean+SD 91.9+27.2 73.3+22.0
P value 0.000 F value 15.581
P value 0.000

Note: the unit of the area was rhm

Note: the unit of the area was rhm

Table V. Aging change of the length from origin to insertion of the RCPmi with 30-degree oblique sagittal

plane.
Value Male (n =47) Female (n = 62)
<45 years old >45 years old <45 years old >45 years old
(n=32) (n=15) (n=40) (n=22)

Ranges 18.3-33.3 21.9-29.4 16.6-29.8 16.5-26.8
95% confidence intervals 24.9-27.5 24.8-27.4 22.4-24.1 21.7-23.8
Mean+SD 26.2+3.7 26.1£2.3 23.3£2.7 22.842.4

F value 0.002 0.545

P value 0.961 0.463

Note: the unit of the area was mm

Table VI. Aging change of the sectional area of the RCPmi with 30-degree bias from the sagittal plane.

Value Male (n=47) Female (n = 62)
<45 years old >45 years old <45 years old >45 years old
(n=132) (n=15) (n =40) (n=22)

Ranges 45.8+158.2 41.7+132.1 34.1£109.6 30.8+128.3
95% confidence intervals 86.3+105.4 68.2+98.7 66.94+80.6 62.2+83.0
Mean+SD 95.8426.5 83.5+27.5 73.8+21.5 72.6+23.4
F value 2.172 0.038

P value 0.147 0.847

Note: the unit of the area was rhm
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DISCUSSION measurement of the RCPmi was developed and a reference
value of imaging anatomical parameters of the RCPmi was
set up. The results of this study lay basis for basic and clinical

In the past 20 years, the findings confirm that theesearch on the RCPmi and its MDB.

RCPmi is connected to the cervical spinal dura mater via

the MDB through the posterior antlanto-occipital interspace

(Hacket al; Scaliet al, 2013; Ponteket al; Suetal; Zheng ACKNOWLEDGMENTS

et al). It is hypothesized to perform some physiological
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Furthermore, Some clinical studies found that the pathology

of RCPmi for instance atrophy or swelling, might be closely

related to chronic cervical headaches (McParttadi; Alix

& Bates; Fernandez-de-Las-Pef@sl, 2007; Fernandez-

de-Las-Pefiast al., 2008).
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the posterior atlanto-occipital interspace and was fan-shaped

with a (60.7+ 4.4)-degree central angle. It presented with RESUMEN: Hallazgos previos confirman que el mascu-
significant length variations according to the variation db rector posterior menor de la cabeza (mRPMC) esta conectado a
the scanning angles by the MRI. As a result, it was suggest@dluramadre cervical por medio del puente miodural (PMD) a
that the 30-degree scanning angle in T2-weighted imagr&"és d.el,esp_acio intermedio_ antlanto-occipital posterior. Se plan-
might be optimum for showing the RCPmi because the len Ia’hlpote5|§ de su capacidad para realizar algupas funciones.
of the RCPmi was the longest in this oblique sagittal sectic emas, estudios clinicos encontraron que la patologia del mRPMC

hi d f | fi . . podria estar relacionada con dolores de cabeza crénicos. Sin em-
In this study, a reference value of imaging anatomic Iargo, pocos estudios se relacionaron con los parametros

parameters of the RCPmi was set up on the basis of {igfologicos delmRPMC. Se buscara realizar investigaciones cli-
scanning section of 30-degree angle: the length of the RCRiltias sobre el mMRPMC y el PMD, ademas de explorar la seccién
was 21.22.6 mm in male and 1%2.4 mm in female, and éptima que permita medir el mMRPMC por resonancia magnética
the area of the RCPmi was (9427.2) mm2 in male and (RM)y que permita obtener laimagen adecuada para la identifica-
(73.3:22.0) mm2 in female. The length and area parametéjgn de los parametros anatémicos del mRPMC en la investiga-

of the RCPmi were found with significant sex difference§ion clinica. Se midi6 el mRPMC durante la diseccion de 10
and without any age difference. especimenes, correspondientes a cadaveres fijados con formalina.

Se obtuvieron los parametros morfolégicos del mRPMC. Baséan-

. dose en estos parametros, se estudiaron imagenes ponderadas en
Furthermore, the Wh(_)le Igngth Of_ RCF_)m'_WaSI'Z del mMRPMC de 109 adultos sanos, utilizando las resonancias

26.2£3.3 mm, measured from its origin and insertion in 3Qnagnéticas con diferentes angulos de exploracién sagital oblicua.

degree MRI images. It was similar to the length with 27.8 | os parametros de longitud y drea del mMRPMC en las secciones de

5.0 mm measured along the angle bisector of the RCPmieixploracion se midieron utilizando la estacién de trabajo del equi-

dissected specimen. This showed that the method of MR1 de RMy el software Mimics. La longitud del mRPMC alcanz6

measurement of the RCPmi was appropriate in this studyn méximo de 30 grados de exploracion, inclinado desde la linea
mediana posterior, a través del eje en la seccidn sagital oblicua. En

%sta seccion la longitud del mMRPMC fue 2%,2,6 mm en los

. .. . . hombresy 19,2 2,4 mm en las mujeres, y el area del mMRPMC fue
connections qf RCPmiin th? past (Hatlal; Rutteret al; 91,9+ 27,2 mni en los hombres y 73;822 mnt en las mujeres.
Yuanet al; Alix & Bates; Elliottet al, 2005; Zumpanet Se observaron diferencias significativas de sexo en estos parametros
al., 2006; Hallgren, 2014; Hallgrest al, 2014; Scaletal,  gel mRPMC (P <0,05) sin embargo estos no estaban relacionados
2015), while few studies were related to the morphologicabn la edad. Se sugirieron 30 grados inclinados a partir de la linea
parameters of the RCPmi. In this study, a quantitative MRiediana como el angulo éptimo de exploracion para mostrar el
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mRPMC en la seccién sagital oblicua. Los valores de referen@beng, N.; Yuan, X. Y,; Li, Y. F.; Chi, Y. Y,; Gao, H. B.; Zhao, X.; Yu, S. B.;

de longitud y area del mRPMC se establecieron para estudios deSui, H. J. & Sharkey, J. Definition of the to be named ligament and

hipertrofia o amiotrofia del MRPMC. vertebrodural ligament and their possible effects on the circulation of
CSF.PL0S One, 9(8$103451, 2014.

Zumpano, M. P.; Hartwell, S. & Jagos, C. S. Soft tissue connection between
rectus capitus posterior minor and the posterior atlanto-occipital

membrane: a cadaveric stu@lin. Anat., 19(6)622-7, 2006.

PALABRAS CLAVE: Region suboccipital; Musculo
recto posterior menor de la cabeza; Parametros de anatomia
de imagen; Resonancia magnética.
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