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Abstract

Objective: This study examined the anatomical assumptions underlying multiplanar
alar ligament stress testing. The alar ligament has been described as occurring in
one of three planes; caudocranial, horizontal and craniocaudal. This has been stated
to result from variation in dens height. Stress testing in all three planes is suggested,
with increased translation present in all positions to infer instability.

Methods: CT scans with no diagnosed bony or ligamentous abnormally were
prospectively and sequentially analysed. The height of the dens relative to the
occipital condyles was measured using McRae’s line and the bimastoid line. The
orientation of the alar ligament was measured relative to the vertical axis of the dens
as well as a vertical line defined by specified occipital and spinal bony landmarks.
These results were correlated with dens height.

Results: Following exclusions, forty-two individual CT studies were analysed yielding
sixty-four clearly discernable ligaments. A vertical line derived from the digastric line
provided the smallest variation in results. The mean ligament orientation given by
this measure was 110.06° (85°-127°). There was no correlation between measured
dens height relative to the occiput and ligament orientation.

Conclusion: Our findings reinforce the existence of normal anatomical variation in
dens height and alar ligament orientation. However, variation in dens height as a

cause of variation in ligament orientation is not supported.

Key Words: Cervical vertebrae, Odontoid process, Ligament, Magnetic resonance

imaging
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INTRODUCTION

The alar ligaments in the upper cervical spine pass from the lateral aspect of the
dens of the second cervical vertebra to the margins of the foramen magnum.* These
ligaments are reported to serve as a primary restraint to axial rotation®’ and lateral
flexion® > in the occipito-atlanto-axial complex. Trauma and degenerative diseases
may compromise the integrity of the alar ligaments, impacting on the stability of the
upper cervical spine® and creating the potential to damage sensitive neurological and

vascular structures in this region.®

Stress testing of the alar ligaments has been recommended prior to any end range
mobilisation or manipulation procedure in the upper cervical region.®° Clinical
testing is described by Aspinall® as performed in multiple planes; flexion, neutral and
extension as a result of variation in sagittal plane orientation of the alar ligaments.
This variation has been stated to be a function of the height difference between the
tip of the dens and the occipital condyles.? *° Increased joint translation is required to

be present in all three planes to infer the presence of pathology.®

Based on dissectional review, Dvorak and Panjabi? describe the alar ligament
orientation along its course from dens to occiput as variably craniocaudal, horizontal
or caudocranial. The assumption of underlying variance of the height of the dens
was suggested to account for observed variation in ligament orientation.? Dvorak et
al** measured the orientation of the alar ligament with a hand-held goniometer by
defining the angle formed between the ligaments in a horizontal dissectional section

and using undescribed reference points in the frontal plane. The orientation was



65

66

67

68

69

70

71

72

73

74

75

76

7

78

79

80

81

82

83

84

85

86

87

88

89

reported as primarily horizontal.**

To date, radiological measures of the orientation of the alar ligament have relied
primarily on either general impression or basic comparison to the axis of the dens
using goniometry or basic angular measures.** No clearly outlined protocol for the
measurement of alar ligaments in coronal section using computerised tomography
(CT) or magnetic resonance imaging (MR) has been specified, despite many studies

reporting orientation.

Previous imaging studies have considered the orientation of the alar ligament in the
context of radiological assessment. Daniels et al** used CT scans which were
compared with cadaveric specimens to show the efficacy of CT as a medium for
examining the alar ligaments. The ligament orientation in this study was reported as
caudocranial from the lateral aspect of the tip of the dens to the medial inferior

aspect of the occipital condyles.*® Pfirrmann et al**

used MR, reporting
approximately equal numbers of caudocranial and horizontal orientations in fifty
asymptomatic subjects. Asymmetry of the dens as indicated by asymmetry of the
odontoid-atlantal lateral mass interspaces was reported in twenty three of these fifty

subjects.** Krakenes et al*®

also used MR, reporting horizontal ligament orientation
in twenty two of thirty healthy subjects. The major limitation in radiological studies to
date is a lack of use of validated clinical radiological measures or described
protocols for determining the orientation of the alar ligament relative to bony anatomy
which will influence the radiological relationships. The application of a standardized

and explicitly described approach would reduce the uncertainty in estimates of alar

ligament orientation.
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The aim of this study was to examine the assumptions underlying multiplanar
assessment of alar ligament stress test by describing the relationship between dens
height and ligament orientation, as well as reporting the range of variation present

within a normal population sample.

METHODS

This study was a morphological examination using prospectively collected CT
images. Approval for this study was granted by Hunter New England Research

Ethics Committee, Newcastle, Australia.

Participants

Fifty de-identified CT studies of the cervical spine were prospectively and
sequentially collected over a three month period from a teaching hospital in
Newcastle, Australia; using a Philips Brilliance 16 slice CT scanner (Philips Medical
Systems, Cleveland). All images included in the study were derived from skeletally
mature individuals. The studies were examined by a specialist musculoskeletal
radiologist to exclude bony abnormality, rupture of the alar ligament, congenital or
inflammatory disorders of the region which may alter the anatomical relationships
visualised on CT. Exclusion criteria included identified bony or alar ligament
pathology. Bone weighted images were used in occipitodental measurement and

soft-tissue weighted images were used to measure ligament orientation.
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CT data was analysed using Amicas Viewer 6.0.1.53291 (Amicas, Boston, MA).
Data analysis included measurement of the height of the dens relative to the occipital
condyles using previously published accepted and standardised clinical radiological
measures. Inter-rater and intra-rater reliability of measurements were each
established using a pilot sample of ten CT studies. Intra-rater reliability was
examined using the sample of ten studies examined on two separate occasions one-
week apart by one rater. Each reviewer of CT data had undergone instruction by the
specialist musculoskeletal radiologist and received ongoing assessment and support

from a senior academic radiographer.

Calculation of dens height relative to the occipital condyles was established in
sagittal section using McRae’s line.'® This was given by a line drawn between the
anterior (basion) and posterior (opsithion) margins of the foramen magnum (Figure
1). In normal individuals the inferior margin of the occipital bone should lie at or
below this line.!” As a comparison, a modified bimastoid line, defined by a line
extending from the tips of the left and right mastoid processes in coronal view was
used to define the dens height relative to the occiput (Figure 2a and 2b).!” These
measures provide a baseline indication of the position of the dens relative to the

occipital condyles.*’

The orientation of the alar ligament was measured in the coronal plane according to
the following clearly defined protocol. The relative orientation of the midsubstance of
each alar ligament was calculated in three ways with respect to 1) a line running
along the vertical axis of the dens process; 2) a line positioned orthogonally to the

digastric line and passing through the tip of the dens (Figure 3a); 3) a line orthogonal



139

140

141

142

143

144

145

146

147

148

149

150

151

152

153

154

155

156

157

158

159

160

161

162

163

to a line drawn between the most lateral aspects of the inferior articular processes of

the atlas (Figure 4).*’

The initial measurement of alar ligament orientation was taken from an image
aligned in coronal section along the breadth of the atlas defined by the anterior most
point of the left and right transverse foramina. A coronal image at this point, including
the left and right alar ligaments was selected for measurement. The axis of the dens
was plotted and the angle calculated with respect to a line drawn along the

midsubstance of the alar ligament. This measure is considered to reproduce that
used by Krakenes et al* and Daniels et al'®.

A modified digastric line was used to measure the orientation of the alar ligament
relative to true vertical as defined by the skull. The digastric line connects the
superior points of the digastric grooves located medial to the base of the mastoid
process.*” '8 Once the digastric line was defined in coronal section, this line was
maintained as a plane while the CT reconstruction was followed anteriorly to define
the dens (Figure 3a). A line perpendicular to the digastric line and bisecting the tip of

the dens provided a measure of vertical from which the alar ligaments were

measured (Figures 3a and b).

The third image for analysis used a line orthogonal to spinal landmarks. It was
determined using a coronal slice sectioned along the anterior margin of the vertebral
foramina of the atlas and orthogonal to a sagittal line from the anterior midpoint of
the dens process to midpoint of the posterior arch of the atlas at the level of the

atlas. In this section, a line between the inferior articular processes of the atlas was
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used to define an orthogonal line bisecting the mid-point of the dens (Figure 4). The

relative angle of the alar ligaments was measured from this line.

As each ligament was considered a separate entity for measurement, coronal
asymmetry of the dens was considered as a potential source of measurement error
in ligament orientation. A vertical axis through the dens was defined by a line
extrapolated from the midpoint of the base of the dens and a point 7mm superior to
this. The angle formed by the intersection of this vertical axis and the digastric line
was correlated with ligament orientation relative to the atlas (Figure 5). This assured
that our protocol for measuring ligament orientation compensated for normal

asymmetry, hence each ligament could be considered independently.

Statistical Analysis
All statistical analysis was completed using STATA 11.0 (STATA Corporation,

Texas)

Inter-rater and intra-rater reliability of measurements were assessed using intra class
correlation coefficients (ICC). ICCs were interpreted using the classification system

outlined by Shrout.*

The mean and range of distances from the dens process to McRae'’s line and from

the dens process to the bimastoid line were reported.

The measurement of the orientation of the alar ligament was summarised as the

mean and range in each measurement protocol described. Left and right ligaments
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were pooled for analysis as they were considered independent due to normal
anatomical variability. Correlation of dens height and ligament orientation, using the
measure derived from the atlas, tested the association between dens height and

ligament orientation hypothesised by Dvorak and Panjabi.?

RESULTS

Forty-two of the 50 CT studies were analysed. Two were excluded due to skeletal
immaturity, 2 due to fractures, 1 due to rotational subluxation and 4 due to extreme
positioning or image quality impeding the ability to take skeletal measures. The
sample analysed had a mean age of 41.6 years (16.5 to 94.4 years) and consisted of

30 males and 12 females.

Sixty-four alar ligaments were measured using the initial and digastrics measure and
63 ligaments were measured using the C1 alignment method. The remaining
ligaments were classified as ‘undefinable’ as we were unable to clearly define both
an upper and lower edge. As reconstructions were rotated around multiple axes to
locate anatomical landmarks, ligaments were not necessarily definable for all three

measures.

The mean distance from the occipital condyles to the tip of the dens process using
McRae'’s line and the bimastoid line is given in Table 1. Ligament orientation is given
in Table 2. The greatest variation in measurement was given by the initial measure

of ligament orientation relative to the dens. The least variation was produced by the
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measure relative to the digastric line. The mean angle ranged from 109.09 to 110.06

degrees.

There was no significant correlation between dens height defined by McRae’s line-
dens interval and ligament orientation, defined by a line relative to inferior articular

processes of the atlas, with Spearman rho=0.12 (p=0.36) (Figure 6).

Asymmetry of the dens when viewed in the coronal plane was evident with deviation
of up to 11° from a line orthogonal to the digastric line. There was no significant
correlation between coronal asymmetry and ligament orientation relative to the atlas,

with Spearman rh0=0.04 (p=0.74) (Figure 7).

Inter-rater and intra-rater ICCs were demonstrated to be fair to substantial using the
classification scheme given by Shrout™® (Table 3), indicating reliability of the

measurement methods used.

DISCUSSION

Seventy-six percent of ligaments were visualised in this study. This rate of

identification is comparable to the limited number of previous imaging studies

15
|

describing the alar ligaments. Krakenes et al™ reported 100% of ligaments were

14
|

defined with 1.5 T MR imaging and Pfirrmann et al™ reported visible alar ligaments in

80% of specimens using 1.0 T MR. In the only comparable study to use CT, Daniels

13
|

et al™” provide a descriptive study of the radiological features of alar ligaments but do

not give any indication of the proportion of ligaments visualised using this modality.
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CT was chosen over MR for this study due to the superior bony definition. This
allowed accurate ascertainment of structure and ligament attachment sites. It also

provided the best modality for measurement using modified plain film measures.?

The two measures of occipitodental distance reflected a range of normal variation
within this sample, supporting variation of dens height as a normal phenomenon.
The McRae’s line showed that all dens’ examined were below its plane. The
limitation of this measure is that the alar ligaments attach on the posterolateral
surface of the dens and insert more laterally on the occipital condyles than shown in
this sagittal section. The bimastoid line showed that a number of dens’ examined
were above the level of the occipital condyles as defined by the bimastoid measure.
This finding may explain the range of craniocaudal measurements of the alar
ligament reported in previous studies. However, the alar ligament does not originate
from the tip of the dens, rather its lateral aspect,® implying that ligament orientation

may not be directly affected by the position of the tip of the dens.

The orientation of each ligament included in this study was measured using three
techniques. The greatest variability in measurements came from the initial measure
of ligament orientation relative to the axis of the dens. As this replicated previously
published methodology, it may contribute to the amount of variability described in the
estimates of angles in the literature to date. A caudocranial orientation is described
by Daniels et al*® in their descriptive study of alar ligaments on CT. Other radiological
studies reviewed used MR as their imaging modality. Pfirrmann et al** described

43.7% of the ligaments being caudocranial and 50% horizontal while Krakenes et



263  al'® describes twenty-two of thirty ligaments as horizontal and of the remaining

264  ligaments an even number of craniocaudal and caudocranial ligaments were

265 reported. Such results need to be treated with caution as ligament orientation is not
266  described quantitatively, but rather as a subjective judgement which may potentially
267  be influenced by a number of factors including patient positioning in the scanner.
268  There is no established classification scheme for range of caudocranial, horizontal
269  and craniocaudal classification using recognised methods of measurement. Nor is
270 there an indication of the reliability of classification used in these studies.

271

272  The mean and range of results for ligament orientation between skeletally derived
273 methods were comparable when measured relative to either the occiput or to the
274  atlas. The measure relative to the atlas was preferred as the digastric method

275 presented a greater margin for error as planes were maintained while panning

276  through reconstructed images to locate the ligaments.

277

278  The rationale for multiplanar alar ligament testing assumes that an individual’s

279 ligaments may be placed under tension in some ranges of sagittal plane positioning
280 and not in others as a result of their orientation. This assumption necessitates

281 electing to test in three positions to increase the likelihood of stressing the ligament
282 effectively and achieving a valid screening result. Our findings confirm the variation
283  in orientation of the alar ligaments. However, measured orientation appears not to be
284 related to dens height as proposed by Dvorak.” ° Despite some textbooks and

285  published journals descriptions of the alar ligaments attaching to the tip of the dens,®

286 " our finding reflects the more accurate anatomical descriptions of previous
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authors in characterizing the alar ligaments as taking attachment from the lateral

aspect of the upper one-third of the dens rather than its tip.** %’

Coronal asymmetry was present within this sample supporting the findings of

Pfirrmann et al.**

There is no quantitative data available for comparison. As there
was no correlation between asymmetry and ligament orientation measured relative
to the atlas, our measurement protocol appears to compensate for normal

asymmetry allowing each ligament to be considered independently.

The bimastoid line was considered as a core measure of occipitodental distance as it
is designed to bisect the vertical axis of the dens at the level of the occipital
condyles.'” As a measure of basilar invagination, the bimastoid line has been
superceeded by the digastric line.!” This is mostly due to the variability of the length
of the mastoid processes. We elected to use the digastric line in preference to the
bimastoid line to generate our estimates of a reference vertical line. This was due to

its previously demonstrated superior accuracy and reliability.*”

Some limitations exist in interpreting the findings of this study. Firstly, this study
considers the ligament in the neutral position. Future clarification of joint mechanics
considering the vertical displacement of the occipital condyles in craniocervical
sagittal motion would further inform the value of multiplanar testing. The use of CT
as a modality suitable for imaging measurement of ligament orientation also imposes
limitations upon the study due to the fact that not all ligaments and their boundaries

can be clearly identified and delineated.
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CONCLUSION

There was no statistically significant association between dens height and ligament
orientation as previously hypothesised. This study provides quantitative data on
ligament orientation in the neutral position. These results refute the underlying
assumption that dens height is associated with alar ligament orientation. Whilst not
supporting the proposal that variation in dens height is directly associated with
orientation of the alar ligaments, our findings continue to reinforce the existence of
normal anatomical variation in alar ligament orientation upon which the presumption
of ligament testing in three planes is based. Further investigation on the effect of
sagittal motion at the occipito-atlantoaxial joint complex and its influence on alar
ligament orientation and tension will provide further clarification of the value of

multiplanar clinical stress testing for the alar ligament.



326

327

328

329

330

331

332

333

334

335

336

337

Acknowledgements

We would like to acknowledge Mr Tony Buxton, Senior Lecturer in Medical Radiation

Sciences, The University of Newcastle, Australia for his invaluable assistance during

the analysis of our data.

Funding sources and conflicts of interest

No external funding was used in the conduct of this study. No conflicts of interest

exist in the conduct of this study.



338

339

340

341

342

343

344

345

346

347

348

349

350

351

352

353

354

355

356

357

358

359

360

361

REFERENCES

10.

Mercer S. Structure and function of the bones and joints of the cervical spine. In:
Oatis CA, ed. Kinesiology The mechanics and pathomechanics of human movement.
Philadelphia: Lippincott Williams and Wilkins; 2004. p. 451-69.

Dvorak J, Panjabi MM. Functional anatomy of the alar ligaments. Spine 1987;12:183-
9.

Panjabi MM, Oxland TR, Parks EH. Quantative anatomy of cervical spine ligaments.
Part I. Upper cervical spine. J Spinal Disord Tech 1991;4:270-6.

Kim H-J, Jun B-Y, Kim WH, Cho YK, Lim MK, Suh CH. MR imaging of the alar
ligament: morphologic changes during axial rotation of the head in asymptomatic
young adults. Skeletal Radiol 2002;31:637-42.

Werne S. Studies in spontaneous atlas dislocation. Acta Orthop Scand Suppl
1957,23:1-150.

Driscoll DR. Anatomical and biomechanical characteristics of upper cervical
ligamentous structures: a review. J Manipulative Physiol Ther 1987;10:107-11.
White AA, Panjabi MM. Clinical biomechanics of the spine. 2nd ed. Philadelphia:
J.B. Lippincott Company; 1990.

Aspinall W. Clinical testing for the craniovertebral hypermobility syndrome. J Orthop
Sports Phys Ther 1990;12:47-54.

Beeton K. Instability in the upper cervical region; clinical presentation; radiological
and clinical testing. Manipulative Physiotherapist 1995;27:19-32.

Dvorak J, Dvorak V, Gilliar W, Schneider W, Spring H, Tritschler T. Musculoskeletal

manual medicine. Diagnosis and treatment. Stuttgart: Theime; 2008.



362

363

364

365

366

367

368

369

370

371

372

373

374

375

376

377

378

379

380

381

382

383

384

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Dvorak J, Schneider E, Saldinger P, Rahn B. Biomechanics of the craniocervical
region: The alar and transverse ligaments. J Orthop Res 1988;6:452-61.

Dvorak J, Froehlich D, Penning L, Baumgartner H, Panjabi MM. Functional
radiographic diagnosis of the cervical spine: flexion/extension. Spine 1988;13:748-55.
Daniels DL, Williams AL, Haughton VM. Computed tomography of the articulations
and ligaments at the occipito-atlantoaxial region. Radiology 1983;146:709-16.
Pfirrmann CWA, Binkert CA, Zanetti M, Boos N, Hodler J. MR morphology of alar
ligaments and occipito-atlantoaxial joints: Study in 50 asymptomatic subjects.
Radioligy 2001;218:133-7.

Krakenes J, Kaale BR, Rorvik J, Gilhus NE. MRI assessment of normal ligamentous
structures in the craniovertebral junction. Neuroradiology 2001;43:1089-97.

McRae DL, Barnum AS. Occipitalization of the atlas. Amer J Roentgenol Ra
1953;70:23-46.

Hinck VC, Hopkins CE, Savara BS. Diagnostic criteria of basilar impression.
Radiology 1961;76:572-85.

Keats TE. Atlas of roentgenographic measurement. 1990,

Shrout PE. Measurement reliability and agreement in psychiatry. Stat Methods Med
Res 1998;7:301-17.

Lee JHE. Section 1. Imaging modalities. In: Johnson TR, Steinbach LS, eds.
Essentials of Musculoskeletal Imaging. Rosemount: American Academy of
Orthopaedic Surgeons; 2007. p.

Gardner E, Gray DJ, O'Rahilly R. Anatomy. A regional study of human structure. 4th

ed. Philadelphia: W.B. Saunders Company; 1975.



385

386

387

388

389

390

391

392

393

394

395

396

397

398

399

400

22,

23.

24,

25.

26.

27.

Panjabi M, Dvorak J, Crisco JJI, Oda T, Wang P, Grob D. Effects of alar ligament
transection on upper cervical spine rotation. Journal of Orthopaedic Research
1991;9:584-93.

Romanes GJ, ed. Cunninghams textbook of anatomy. 11th ed. London: Oxford
University Press 1972.

Wood Jones F, ed. Buchanan's manual of anatomy. 8th ed. London: Bailliere Tindall
and Cox 1953.

Panjabi MM, Oxland TR, Parks EH. Quantitative anatomy of the cervical spine
ligaments. Part 1. Upper cervical spine. Journal of Spinal Disorders 1991;4:270-6.
Moore KL, Dalley AFI. Clinically oriented anatomy. 5th ed. Philadelphia: Lippincot
Williams and Wilkins; 2006.

Poirier PJ, Nicolas A, Charpy A. Traite d'Anatotomie Humaine. 3rd ed. Paris:

Massan; 1911.



401

402

403

404

405

406

407

408

409

410

411

412

413

414

415

416

417

418

419

420

421

422

TABLE AND FIGURE LEGENDS

Table 1. Dens height relative to occipital condyles
Table 2. Orientation of the alar ligament relative to dens midline and specified bony
landmarks

Table 3. Reliability of inter-rater and intra-rater measurement

Figure 1. Dens height relative to McRae'’s line. Calculated as the interval (b)
projected above a line bisecting the dens (a).

Figure 2a. Alignment of bimastoid line

Figure 2b. Measurement of bimastoid to dens interval. (a) Transposed bimastoid
line. (b) Interval from tip of the dens to the bimastoid line.

Figure 3a and b. Alar ligaments relative to line drawn orthogonal to the digastric line
(b). (a) indicates the digastric line. Alar ligaments are indicated by arrows. Measured
angle indicated by 6.

Figure 4. Alar ligaments relative to the alignment of inferior transverse processes of
the atlas. Alar ligaments are indicated by arrows.

Figure 5. Measurement of coronal asymmetry. (a) indicates the digastic line. (b)
indicates a line bisecting the dens.

Figure 6. Scatter plot diagram of dens height and ligament orientation

Figure 7. Scatter plot diagram of coronal asymmetry and ligament orientation
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TABLE 1.
Mean Range Std. Dev.
Distance from tip of dens to McRae'’s line 5.61 3.16-9.85 1.69
(mm)
Distance from tip of dens to bimastoid line 5.17 -3.00- 4.14
(mm) 13.04%

*Negative values indicate that the tip of the dens was located below the bimastoid

line
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TABLE 2.
Mean angle Range Std. Dev.
(degrees) (degrees)

Angle relative to longitudinal axis of 109.09 77-129 10.30
dens

Angle relative to orthogonal line relative 109.38 81-132 8.91
to alignment of the atlas

Angle relative to orthogonal line derived 110.06 85-127 8.00

from digastric line
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TABLE 3.

ICC SEM
Inter-rater reliability
Distance dens to McRae’s Line 0.84 0.15
Distance dens to bimastoid 0.99 <0.01
Angle of alar ligament relative to dens 0.68 0.23
Angle of alar ligament relative to digastric 0.69 0.27
Angle of alar ligament relative to the atlas 0.42 >0.01
Intra-rater reliability
Distance dens to McRae’s Line 0.56 0.33
Distance dens to bimastoid 0.90 0.23
Angle of alar ligament relative to dens 0.76 0.21
Angle of alar ligament relative to digastric 0.62 0.29
Angle of alar ligament relative to the atlas 0.94 0.09
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Figure 6

Distance from McRaes line to dens (mm)
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