
 

Radiology Case. 2016 Sep; 10(9):13-25 

Musculoskeletal 

Radiology: 

Impact of Isometric Contraction of Anterior Cervical Muscles on Cervical Lordosis Fedorchuk et al. 

Jo
u

rn
al

 o
f 

R
ad

io
lo

g
y

 C
as

e 
R

ep
o

rt
s 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

     

  

     

w
w

w
.R

ad
io

lo
g

y
C

ases.co
m

 

13 

Impact of Isometric Contraction of Anterior Cervical 

Muscles on Cervical Lordosis 

Curtis A Fedorchuk1*, Matthew McCoy2, Douglas F Lightstone1, David A Bak1, Jacque Moser3, Brett 

Kubricht4, John Packer5, Dustin Walton6, Jose Binongo7 

1. Private Practice, Cumming, GA, USA 

2. FVS Non-Profit, Kennesaw, GA, USA 

3. Private Practice, Pittsburgh, PA, USA 

4. Private Practice, Charlotte, NC, USA 

5. Private Practice, Atlanta, GA, USA 

6. Private Practice, Peachtree City, GA, USA 

7. Emory University, Atlanta, GA, USA 

* Correspondence: Curtis A. Fedorchuk, D.C., 425 Peachtree Parkway, Suite 315, Cumming, GA 30041, USA 

(  cfedorchuk@comcast.net) 

 

Radiology Case. 2016 Sep; 10(9):13-25    ::    DOI:  10.3941/jrcr.v10i9.2885 

 

ABSTRACT 

Objective: This study investigates the impact of isometric contraction of 

anterior cervical muscles on cervical lordosis. Methods: 29 volunteers were 

randomly assigned to an anterior head translation (n=15) or anterior head 

flexion (n=14) group. Resting neutral lateral cervical x-rays were compared 

to x-rays of sustained isometric contraction of the anterior cervical muscles 

producing anterior head translation or anterior head flexion. Results: Paired 

sample t-tests indicate no significant difference between pre and post anterior 

head translation or anterior head flexion. Analysis of variance suggests that 

gender and peak force were not associated with change in cervical lordosis. 

Chamberlain's to atlas plane line angle difference was significantly 

associated with cervical lordosis difference during anterior head translation 

(p=0.01). Conclusion: This study shows no evidence that hypertonicity, as 

seen in muscle spasms, of the muscles responsible for anterior head 

translation and anterior head flexion have a significant impact on cervical 

lordosis. 

 

 

ORIGINAL RESEARCH 

 

 

 

 

Proper cervical curves in the sagittal plane have been 

shown to be an important clinical outcome of health [1-3]. 

Recent surgical and non-surgical studies have emphasized that 

patients with less cervical lordosis have statistically significant 

increases in neck, upper thoracic, and shoulder pain, as well as 

overall inferior health outcomes [4-8]. As cervical lordosis 

decreases from normal, so to does this increase the risks of 

continuous abnormal stress and strain loads on the vertebrae 

and intervertebral discs (IVD) resulting in bone remodeling, 

arthritis, and IVD and ligament damage; tensile stresses in the 

nervous system resulting in various neuromusculoskeletal 

conditions; and stress and strain variations of vascular tissue 

resulting in ischemia, reduced perfusion of the spinal cord and 

surrounding tissues, and nerve conduction failure [9].  

 

Claims have been made in radiology texts, papers, and 

reports that cervical kyphosis and hypolordosis can be caused 

by muscle spasms or hypertonicity in the anterior cervical 
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muscles that produce anterior head translation and anterior 

head flexion, particularly when there has been a sustained 

trauma [6-8,10-18]. Gehweiler, et al. [10] and Clark, et al. [11] 

claim that cervical kyphosis is the result of muscle spasm. 

Kettner and Guebert [12] and Deltoff and Kogon [13] make the 

same claim without providing data.  Pederson [14] and 

Yochum and Rowe [15] reference Jugl, et al. [16] in support of 

this claim. Rechtman, et al. stated that “flattening of a cervical 

lordosis should be evaluated, carefully, especially in 

medicolegal problems, before being attributed to muscular 

spasm, as has been mentioned so commonly in radiological 

reports.  The muscular response associated with loss of 

cervical lordosis remains for further clarification” [17]. 

Helliwell, et al. found no relationship between muscle spasm 

and loss of cervical lordosis. They suggested that muscle 

spasm would cause an increased lordosis due to the larger 

volume and larger moment arms of the posterior extensor 

muscles of the cervical spine [18]. However, to date there have 

been no published data that show the impact of anterior 

cervical muscle spasms on the cervical curve. 

 

Muscle spasm is the “involuntary sustained contraction of 

muscle that prohibits joint motion in the direction opposite the 

afflicted muscle’s action” [19]. The muscles producing anterior 

head translation include the sternocleidomastoid (SCM) and 

cervical scalene (anterior, medius, and posterior) muscles [19]. 

Activation of these muscles produces lower cervical flexion 

and upper cervical extension producing the anterior translation 

of the head [19]. The muscles producing anterior head flexion 

include the SCM and cervical scalene muscles. Activation of 

these muscles produces upper and lower cervical flexion 

producing the anterior flexion of the head [19].  

 

This pilot study employs a pre-post design and is the first 

using isometric contraction of the anterior cervical muscles 

producing anterior head translation and anterior head flexion 

to determine the effects on cervical lordosis. The objective of 

this study is to provide objective measurements quantifying 

any changes in cervical lordosis associated with these 

isometric contractions.   

 

 

 

 

The anterior cervical muscles were activated by 

contracting the muscles involved in anterior head translation 

(+TzH) or anterior head flexion (+RxH). These actions were 

tested independently of each other.  The subjects that met the 

inclusion criteria were able to be weight-bearing for the 

radiographic imaging and able to forcibly contract the muscles 

that produce anterior head translation or anterior head flexion 

in a sustained isometric contraction for 15 seconds. 

 

Anterior Head Translation: 

Fifteen subjects volunteered to perform anterior head 

translation. A resting neutral lateral cervical (NLC) radiograph 

(Figure 1A) was followed by a NLC radiograph while the 

subjects performed isometric anterior head translation without 

causing displacement of their head from its original position 

(Figure 1B).  The subjects were instructed to stand in a natural, 

resting posture for the first radiograph and to maintain their 

posture until completion of the second radiograph. For the 

second radiograph, the subjects raised both arms and placed 

the Hoggan Health microFET handheld dynamometer (Salt 

Lake City, UT, USA) (Figure 2A & 2B) against their forehead 

with both hands and were instructed to forcibly perform 

anterior head translation with maximum effort for 

approximately 15 seconds while providing enough counter-

pressure with the dynamometer to maintain their posture. The 

microFET handheld dynamometer is a force evaluation and 

testing (FET) device. It provides objective, valid, and reliable 

peak force and duration of force measurements. Prior to 

radiographs, CLA Insight™ Surface Electromyography 

(sEMG) sensors (Bethany Beach, DE, USA) were placed over 

the SCM and cervical scalene muscles to record the muscle 

activity. Surface EMG assesses muscle activity by measuring 

amplitude and is used as an objective, quantifiable measure of 

the changes in muscle activity [20]. Amplitude refers to the 

signal level measured in microvolts. Increased microvolts 

represent increased muscle activity [20]. The sEMG was used 

to ensure activation of the SCM and scalenes muscles. The 

second film was taken and the anterior head translation force 

was recorded from the dynamometer.  

 

Head Flexion: 

Fourteen subjects volunteered to perform anterior head 

flexion. A resting NLC radiograph (Figure 1A) was followed 

by a NLC radiograph while the subjects performed isometric 

anterior head flexion without causing displacement of their 

head from its original position (Figure 1C). The subjects were 

instructed to stand in a natural, resting posture for the first 

radiograph and to maintain their posture until completion of 

the second radiograph. For the second radiograph, the subjects 

raised both arms and placed the Hoggan Health microFET 

handheld dynamometer (Salt Lake City, UT, USA) (Figure 2A 

& 2B) under their chin with both hands and were instructed to 

forcibly perform anterior head flexion with maximum effort for 

approximately 15 seconds while providing enough counter-

pressure with the dynamometer to maintain their posture. The 

sEMG sensors were placed over the SCM and cervical scalene 

muscles to record the muscle activity.  The second film was 

taken and the anterior head flexion force was recorded from 

the dynamometer. 

 

Radiograph Analysis: 

Radiographic analysis is an evidence-based, valid way to 

assess spinal alignment and postural abnormalities. Spinal 

radiographs were taken with the subjects in a normal, neutral, 

weight-bearing position. Spinal radiographs were used to 

analyze cervical spinal structure to quantify cervical alignment. 

 

The subjects’ NLC radiographs were analyzed using the 

Harrison Posterior Tangent Method. The Harrison Posterior 

Tangent method is a valid and reliable x-ray line drawing 

method [21-24] in accordance with the Harrison Spinal Model, 

which is a valid geometric spinal model [25-28]. From NLC x-

rays, cervical angles are measured by drawing a line at the 

posterior of each vertebral body from C2 to C7. Measurements 

of a spinal region provide the absolute rotation angle (ARA). 

Cervical ARA is measured using the posterior tangent of C2 

and C7. Global anterior or posterior translations of the spine 

can be measured by drawing a vertical line from an inferior 

MATERIALS & METHODS 
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landmark and measuring the distance to a superior landmark 

perpendicular to the vertical line. Anterior or posterior 

translation of the cervical spinal region is measured using the 

posterior, inferior body of C7 as the inferior landmark and the 

posterior, superior body of C2 as the superior landmark.  

 

Spinal radiographic analysis involved the right-hand 

Cartesian coordinate system to “describe translations and 

rotations of the head around x, y, and z-axes, in the coronal, 

sagittal, and transverse planes” [29]. A shorthand method is 

used for documenting spinal alignment. In these spinal listings, 

the positive or negative sign indicates the direction of 

translation in or rotation around the x, y, and z-axes in the 

frontal, sagittal, and horizontal plane, respectively. The first 

letter denotes translation (T) or rotation (R). The second letter 

denotes the axis per the Cartesian coordinate system in or 

around which the T or R takes place. The third letter denotes 

the body region (head is H, thoracic cage is T, and pelvis is P) 

with respect to the body region below.  

 

Radiographs were digitized and then analyzed with 

PostureRay® X-Ray Electronic Medical Records (EMR) 

Software (Trinity, FL, USA) using the Harrison Posterior 

Tangent Method according to the Harrison Spinal Model to 

provide spinal mensuration and comparison analyses. The pre 

and post radiographs for the isometric anterior head translation 

group (Figure 3) and the anterior head flexion group (Figure 4) 

were assessed for cervical ARA from C2 to C7 (ARA C2-C7), 

anterior or posterior head translation from C2 to C7 (TzH C2-

C7), and Chamberlain’s to atlas plane line (APL) angle. 

Chamberlain’s to APL angle was measured to compare pre and 

post films to determine whether any significant head extension 

took place between pre and post films. Harrison et al. found 

that cervical extension of 14 degrees or less has no significant 

effect on ARA C2-C7 [30]. The clinicians marking the films 

were blinded from whether the film being marked was either 

the pre or post film. Each measurement was then entered into a 

spreadsheet by another clinician and sent off for statistical 

analysis. 

 

Statistical Methods: 

Resting NLC radiographs were analyzed and compared 

with NLC radiographs with isometric anterior head translation 

for ARA C2-C7 and TzH C2-C7 (Table 1A) and 

Chamberlain’s to APL angle (Table 1B). Resting NLC 

radiographs were analyzed and compared with NLC 

radiographs with isometric anterior head flexion for ARA C2-

C7 and TzH C2-C7 (Table 2A) and Chamberlain’s to APL 

angle (Table 2B). The difference in the ARA C2-C7 between 

the pre and post radiographs was calculated and assessed for 

statistical significance. Summary statistics for patient 

characteristics were calculated using means or proportions, as 

appropriate (Table 3).  In order to address whether there was a 

significant difference between pre and post ARA C2-C7, 

unadjusted paired t-tests were performed for the anterior head 

translation and anterior head flexion groups (Table 4). The 

tests were conducted against a null hypothesis that the 

difference in pre and post ARA C2-C7 was 0 degrees. Simple 

linear regression models were developed for each group to 

determine whether peak force, TzH C2-C7, gender, or 

Chamberlain’s to APL angle had an affect on any difference in 

ARA C2-C7 (Table 5).  If any variable was found to be 

significant, a follow-up analysis for ARA C2-C7 adjusted for 

the significant variable(s) was performed. The correlation 

between the difference in ARA C2-C7 and the difference in 

TzH C2-C7 was determined (Table 6). Additionally, the effects 

of different values of Chamberlain’s to APL angle difference 

on the mean ARA C2-C7 for the anterior head translation 

group was assessed (Table 7). All tests of hypotheses were 

two-tailed and conducted at a significance level of 0.05. In 

addition to p-values, 95% confidence intervals (CI) were 

determined. 

 

 

 

 

Among the 15 participants in the anterior head translation 

group, 9 (60%) were male with a mean age of 28.27 years. 13 

(86.7%) were Caucasian, and the mean difference in ARA C2-

C7 was 2.13 degrees. The mean isometric anterior head 

translation peak force was 11.80 lbs, the mean difference in 

TzH C2-C7 was 3.84 millimeters (mm), and the mean 

difference in Chamberlain’s to APL angle was -2.11 degrees. 

Among the 14 participants in the anterior head flexion group, 5 

(35.7%) were male with a mean age of 27.50 years. 11 (78.6%) 

were Caucasian, and the mean difference in ARA C2-C7 was -

4.37 degrees.  The mean isometric anterior head flexion peak 

force was 15.00 lbs, the mean difference in TzH C2-C7 was 

5.07 mm, and the mean difference in Chamberlain’s to APL 

angle was -0.11 degrees (Table 3).  

 

In the anterior head translation group, 4 of the 15 subjects 

had an increase in lordosis and 1 of the 15 subjects went from 

a lordosis to kyphosis (Figure 5). In the anterior head flexion 

group, 9 of the 14 subjects had an increase in lordosis and 1 of 

the 14 subjects went from lordosis to kyphosis (Figure 6). 

 

The paired sample t-tests indicated that there was not a 

significant difference between pre and post mean ARA C2-C7 

for the anterior head translation and anterior head flexion 

groups (Table 4). Analysis of Variance (ANOVA) suggested 

that gender and peak force were not associated with ARA C2-

C7 difference in either of the two groups.  However, the 

Chamberlain’s to APL angle difference was significantly 

associated with ARA C2-C7 difference in the anterior head 

translation group (Chamberlain’s to APL angle 

difference=10.40°, p=0.01) (Table 5). 

 

A further analysis of the effect of TzH difference 

suggested that when the difference was positive (post TzH 

value was greater than the pre TzH value) there was a 

significant mean difference in ARA C2-C7.  When the TzH 

C2-C7 difference was 20.0 mm, the estimated mean ARA C2-

C7 difference was 6.24 degrees (95%CI: 1.43, 11.05), and 

when the TzH C2-C7 difference was 10.0 mm, the estimated 

mean ARA C2-C7 difference was 5.72 degrees (95% CI: 0.85, 

10.60) (Table 6). Finally, Chamberlain’s to APL angle 

difference showed a significant correlation with ARA C2-C7 

(r=-0.67, p=0.01). When the Chamberlain’s to APL angle 

difference became more negative (increased posterior head 

extension) the ARA C2-C7 difference became more positive 

(increased cervical lordosis) (Table 7). 

RESULTS 
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This study is the first using objective measurements and 

statistical data to determine whether hypertonicity of anterior 

cervical muscles can have a structural impact on the cervical 

spine. These data do not show evidence that hypertonicity of 

anterior cervical muscles elicited from anterior head translation 

and anterior head flexion have a significant impact on cervical 

spinal alignment. 

 

Proposed Mechanisms of Cervical Hypolordosis or 

Kyphosis: 

There are various proposed mechanisms of cervical 

hypolordosis or kyphosis that are supported by significant 

data. Thakar et al. found that patients with hypolordosis 

showed significant atrophy and dysfunction of deep neck 

flexors and extensors and concluded that spinal ligamentous 

laxity supersedes the influence of spinal musculature [31]. 

Cervical spinal ligament injury may contribute to cervical 

hypolordosis. Hyperflexion-hyperextension injuries, such as 

whiplash associated disorders (WAD), of the cervical spine 

result in such injuries. Tominaga et al. found that “for all 

whiplash-exposed ligaments, the average failure elongation 

exceeded the average physiological elongation and the 

whiplash-exposed ligaments had significantly lower failure 

force” [32]. Weaker, lax ligaments decrease cervical spine 

stability resulting in structural abnormalities. Cervical 

hypolordosis, kyphosis, or anterior head translation can create 

a cascade of weakened cervical ligaments and discs yielding 

further increased hypolordosis, kyphosis, or anterior head 

translation. Harrison et al. concluded that “spinal arthritis and 

disc disease (SADD) is commonly found at areas of altered 

stress and strain [and] translations of the cervical spine posture 

is an unhealthy position as it will accelerate the development 

or progression of SADD due to altered and increased spinal 

loads experienced by the spine tissues, up to 4.25 times greater 

compared to the normal, healthy lordosis of the cervical spine” 

[33]. In addition to the cervical spine, other spinal regions can 

affect cervical alignment. In a review of literature, Ames et al. 

concluded that “cervical sagittal alignment is related to 

thoracolumbar spinal alignment and T1 slope, regional 

disability, and general health” [34]. 

 

Strengths and Limitations: 

The dynamometry provided valid data of force output from 

anterior head translation and anterior head flexion and the 

sEMG provided valid data of activation of the SCM and 

cervical scalene muscles responsible for anterior head 

translation and anterior head flexion.  

 

Muscle spasm is the “involuntary sustained contraction of 

muscle that prohibits joint motion in the direction opposite the 

afflicted muscle’s action” [19] While this study examined the 

effects of voluntary muscle contraction, the physiological 

effect of muscular contraction or hypertonicity does not change 

with respect to a voluntary or involuntary mechanism of action.  

 

In clinical scenarios, the head can move. People with 

muscle spasms of anterior cervical muscles that produce head 

flexion and anterior head translation will move accordingly. 

However, antalgic spinal posture is different than normal 

spinal posture. The purpose of this study was to determine 

whether muscle hypertonicity could structurally change spinal 

alignment. As such, muscle hypertonicity was isolated. 

Additionally, sagittal posture is not a valid assessment tool for 

spinal alignment. Clinically, patients may present with the 

same sagittal cervical posture, but may differ in hyperlordotic, 

hypolordotic, straight, buckling, and kyphotic sagittal cervical 

spinal alignment. As such, maintained sagittal posture between 

pre and post radiographs does not predict sagittal spinal 

alignment. 

 

The method of having the subjects raise their arms to hold 

the dynamometer against their heads for the isometric 

contraction could pose an argument for a source of error 

contributing to unintentional movement in the subjects’ spinal 

postures between radiographs. A significant anterior or 

posterior head translation would affect cervical lordosis. 

However, any significant change in head flexion and 

translation was measured and accounted for. Statistical 

analyses determined that there was no significant difference in 

pre and post ARA C2-C7 in the anterior head translation and 

anterior head flexion groups. 

 

Additionally, the sample size is modest. Future studies 

can improve upon this pilot by including larger groups of 

people and creating an apparatus to fix the body in space so 

that any isometric contraction is ensured to have a net zero 

effect on sagittal posture. 

 

 

 

 

The results of this study are in direct conflict with over 

fifty years of radiographic reports, physiological texts, and 

articles stating that the loss or reversing of the cervical lordosis 

are caused by cervical muscle spasms. No other quantitative 

study has been performed to date to confirm or deny these 

claims. This study provides evidence that may be beneficial to 

healthcare practitioners who wish to better understand the 

etiology and management of cervical spine. 

 

 

 

 

Hypertonicity of anterior cervical muscles may not decrease 

cervical lordosis as shown by the findings of this pilot study 

and the lack of supporting evidence in the literature. 
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Figure 1 (right): A) is an image depicting a subject positioned 

for the resting neutral lateral cervical (NLC) x-ray. The subject 

is standing in a comfortable, weight-bearing position 

perpendicular to the x-ray Bucky. The subject is holding the 

Hoggan Health microFET handheld dynamometer (Salt Lake 

City, UT) anterior to his head to account for the posture during 

isometric anterior head translation or anterior head flexion. 

CLA Insight™ Surface Electromyography (sEMG) sensors are 

attached to the anterior aspect of the neck to determine activity 

of the sternocleidomastoid (SCM) and cervical scalene 

muscles, which are responsible for anterior head translation 

and anterior head flexion.  

B) is an image depicting a subject positioned for the NLC x-

ray while performing isometric anterior head translation. The 

subject is standing in a comfortable, weight-bearing position 

perpendicular to the x-ray Bucky. The subject is holding the 

Hoggan Health microFET handheld dynamometer (Salt Lake 

City, UT) against the anterior aspect of his forehead to produce 

isometric anterior head translation. CLA Insight™ sEMG 

sensors are attached to the anterior aspect of the neck to 

validate activity of the SCM and cervical scalene muscles, 

which are responsible for anterior head translation and anterior 

head flexion. 

 

 

 
 

C) is an image depicting a subject positioned for the NLC x-

ray while performing isometric anterior head flexion. The 

subject is standing in a comfortable, weight-bearing position 

perpendicular to the x-ray Bucky. The subject is holding the 

Hoggan Health microFET handheld dynamometer (Salt Lake 

City, UT) against the inferior aspect of his chin to produce 

isometric anterior head flexion. CLA Insight™ sEMG sensors 

are attached to the anterior aspect of the neck to validate 

activity of the SCM and cervical scalene muscles, which are 

responsible for anterior head translation and anterior head 

flexion. 
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Figure 2:  

A is the Hoggan Health microFET handheld dynamometer (Salt Lake City, UT). The microFET handheld dynamometer is a Force 

Evaluation and Testing (FET) device. It provides objective, valid, and reliable peak force and duration of force measurements. 

B is the Hoggan Health microFET handheld dynamometer (Salt Lake City, UT). The microFET handheld dynamometer is a FET 

device. It provides objective, valid, and reliable peak force and duration of force measurements. 

 
 

Figure 3: Resting NLC (left) and NLC with isometric anterior head translation (right) x-ray views of subject 14A (a 21-year-old 

female weighing 131 pounds). Radiographic settings include: 30 mAs, 200 mA, 68 kVp with a 72 inch focal-film distance (FFD), 

central ray (CR) at C4, and 7 inch by 10 inch cropping. Chamberlain's line is the blue line originating at the posterior aspect of the 

hard palate and ending at the opisthion of the skull. The atlas plane line (APL) is the blue line drawn through the anterior aspect 

of the anterior aspect of the atlas (C1) and the vertical center of the posterior arch of C1. The red lines represent the actual 

posterior tangent of the cervical vertebral bodies from C2-C7 of the subject. The green line represents the ideal spinal curvature as 

defined by the Harrison Spinal Model. The artifacts located anterior to C3-C6 bodies are the sEMG sensors. 
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Figure 4: Resting NLC (left) and NLC with isometric anterior head flexion (right) x-ray views of subject 7B (a 24-year-old female 

weighing 101 pounds). Radiographic settings include: 30 mAs, 200 mA, 68 kVp with a 72 inch FFD, CR at C4, and 7 inch by 10 

inch cropping. Chamberlain's line is the blue line originating at the posterior aspect of the hard palate and ending at the opisthion 

of the skull. The APL is the blue line drawn through the anterior aspect of the anterior aspect of C1 and the vertical center of the 

posterior arch of C1. The red lines represent the actual posterior tangent of the cervical vertebral bodies from C2-C7 of the 

subject. The green line represents the ideal spinal curvature as defined by the Harrison Spinal Model. The artifacts located anterior 

to C3-C5 bodies are the sEMG sensors. The artifact located inferior and anterior to the chin is the dynamometer. 
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Figure 6: ARA C2-C7 Pre and Post Anterior Head Flexion 

Presented is a scatter plot graph of the ARA C2-C7 for the 14 subjects in the anterior head flexion group. Subjects' assigned ID 

numbers are represented on the x-axis and ARA C2-C7 () is represented on the y-axis. The blue plots represent the resting NLC 

ARA C2-C7 values prior to isometric anterior head flexion. The red plots represent the NLC ARA C2-C7 values during a 

sustained maximum isometric anterior head flexion. 

 
 

Figure 5: Absolute Rotational Angle from C2 to C7 (ARA C2-C7) Pre and Post Anterior Head Translation 

Presented is a scatter plot graph of the ARA C2-C7 for the 15 subjects in the anterior head translation group. Subjects' assigned 

identification (ID) numbers are represented on the x-axis and ARA C2-C7 () is represented on the y-axis. The blue plots 

represent the resting NLC ARA C2-C7 values prior to isometric anterior head translation. The red plots represent the NLC ARA 

C2-C7 values during a sustained maximum isometric anterior head translation. 
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  X-ray 1 Values X-ray 2 Values 

C0-C1 Chamberlain's to APL 6.8° 9.8° 

APL = Atlas Plane Line 

 

Table 1b: Cervical morphology of x-ray 1 (pre) and x-ray 2 (post) in terms of Chamberlain’s line to APL values (°) for subject 

14A (a 21-year-old female weighing 131 pounds). X-ray 1 and 2 values are compared to each other to determine whether any 

significant head extension (>14°) occurred between pre and post films that would produce a change in cervical sagittal spinal 

alignment. 

  Normal Values X-ray 1 Values Versus Normal X-ray 2 Values Versus Normal 

ARA C2-C7 -42.0° -2.4° 94.3% -8.5° 79.8% 

Translation C2-C7 0.0 mm 26.4 mm 26.4 mm 29.9 mm 29.9 mm 

ARA = Absolute Rotational Angle of Measurement 

 

Table 1a: Global analysis of x-ray 1 (pre) and x-ray 2 (post) ARA C2-C7 and translation from C2-C7 (TzH C2-C7) for subject 

14A (a 21-year-old female weighing 131 pounds). X-ray 1 and 2 values are compared to normal values as per the Harrison Spinal 

Model. 

  Normal Values X-ray 1 Values Versus Normal X-ray 2 Values Versus Normal 

ARA C2-C7 -42.0° -24.5° 41.7% -31.8° 24.3% 

Translation C2-C7 0.0 mm 17.8 mm 17.8 mm 20.5 mm 20.5 mm 

ARA = Absolute Rotational Angle of Measurement 

 

Table 2a: Global analysis of x-ray 1 (pre) and x-ray 2 (post) ARA C2-C7 and TzH C2-C7 for subject 7B (a 24-year-old female 

weighing 101 pounds). X-ray 1 and 2 values are compared to normal values as per the Harrison Spinal Model. 

  X-ray 1 Values X-ray 2 Values 

C0-C1 Chamberlain's to APL 12.5° 18.4° 

APL = Atlas Plane Line 

 

Table 2b: Cervical morphology of x-ray 1 (pre) and x-ray 2 (post) in terms of Chamberlain’s line to APL values (°) for subject 

7B (a 24-year-old female weighing 101 pounds). X-ray 1 and 2 values are compared to each other to determine whether any 

significant head extension (>14°) occurred between pre and post films that would produce a change in cervical sagittal spinal 

alignment. 
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Characteristic Anterior Head 

Translation Group (n = 

15) 

Anterior Head Flexion Group 

(n = 14) 

Sex 

     Male 

     Female 

 

9 (60.0%) 

6 (40.0%) 

 

5 (35.7%) 

9 (64.3%) 

Race, n (%) 

    Caucasian 

    African American 

    Pacific Islander 

    Puerto Rican 

 

13 (86.7%) 

1 (6.7%) 

1 (6.7%) 

0 (0%) 

 

11 (78.6%) 

1 (7.1%) 

0 (0%) 

2 (14.3%) 

Mean Age (years) 28.27 (+5.01) 27.5 (+2.62) 

Mean ARA C2-C7 () 

     Pre 

     Post 

     Difference (Post – Pre) 

 

 

-18.06 (+13.85) 

-15.93 (+18.60) 

2.13 (+9.41) 

 

 

-12.66 (+12.32) 

-17.04 (+13.20) 

-4.37 (+8.23) 

Mean Peak force (lbs.) 11.80 (+6.91) 15.00 (+10.01) 

Mean Chamberlain’s to APL Angle 

() 

     Pre 

     Post 

     Difference (Post-Pre) 

 

 

3.48 (+6.77) 

1.37 (+6.73) 

-2.11 (+4.84) 

 

 

4.41 (+4.21) 

4.30 (+6.39) 

-0.11 (+2.84) 

Mean TzH C2-C7 (mm) 

     Pre 

     Post 

     Difference (Post- Pre) 

 

16.90 (+11.41) 

20.74 (+13.04) 

3.84 (+3.31) 

 

13.88 (+9.39) 

19.95 (+9.31) 

5.07 (+6.62) 

 

Table 3: Statistics for patient characteristics calculated using means or proportions, as appropriate. 

Group Mean ARA C2-C7 

Difference () 

95% Confidence Interval (CI) Test Statisticsa p-value 

Anterior Head Translation 2.13 (-3.08, 7.34) 0.88 0.39 

Anterior Head Flexion -4.37 (-9.12, 0.38) -1.99 0.07 

a Tested against null hypothesis that there is no difference between pre and post ARA C2-C7 

 

Table 4: Table summarizing whether there was a significant difference between pre and post ARA C2-C7. Unadjusted paired t-

tests were performed for the anterior head translation and anterior head flexion groups. The tests were conducted against a null 

hypothesis that the difference in pre and post ARA C2-C7 was 0 degrees. Tests of hypotheses were two-tailed and conducted at 

a significance level of 0.05. In addition to p-values, 95% CI were determined. 
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Group Variable Test Statistica p-value 

Anterior Head Translation 

      

Gender 

Peak Force (lbs.) 

TzH C2-C7 Difference (mm) 

Chamberlain’s to APL Angle Difference () 

0.05 

0.22 

2.03 

10.40 

0.82 

0.65 

0.18 

0.01 

Anterior Head Flexion Gender 

Peak Force (lbs.) 

TzH C2-C7 Difference (mm) 

Chamberlain’s to APL Angle Difference () 

0.82 

2.18 

0.81 

1.72 

0.38 

0.17 

0.39 

0.21 
 a Tested against null hypothesis that there is no linear association between the variable and ARA C2-C7 difference 

 

Table 5: Table summarizing simple linear regression models developed for each group to determine whether peak force, TzH 

C2-C7, gender, or Chamberlain’s to APL angle had an effect on any difference in ARA C2-C7. The tests were conducted 

against a null hypothesis that there is no linear association between any variable and ARA C2-C7 difference. Tests of 

hypotheses were conducted at a significance level of 0.05. 

Group Variable Pearson Correlation 

Coefficient 

p-value 

Anterior Head Translation TzH C2-C7 Difference 

Chamberlain’s to APL Angle Difference 

0.37 

-0.67 

0.18 

0.01 

Anterior Head Flexion TzH C2-C7 Difference 

Chamberlain’s to APL Angle Difference 

-0.25 

0.35 

0.39 

0.21 

 

Table 6: Correlation between the difference in ARA C2-C7 and the difference in TzH C2-C7 and Chamberlain’s to APL angle 

difference. 

Chamberlain’s to APL Angle 

Difference () 

Mean ARA C2-C7 Difference 

() 

95% CI 

2 -3.19 (-8.59, 2.22) 

1 -1.89 (-6.76, 2.98) 

0 -0.60 (-5.05, 3.86) 

-1 0.70 (-3.47, 4.87) 

-2 1.88 (-2.07, 6.05) 

 

Table 7: Effects of different values of Chamberlain’s to APL angle difference on the mean ARA C2-C7 for the anterior head 

translation group. 
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° – degree 

ANOVA – analysis of variance 

APL – atlas plane line 

ARA C2-C7 – absolute rotational angle from C2 to C7 

C1 – atlas 

CI – confidence interval 

CR – central ray 

EMR – Electronic Medical Records 

FET – force evaluation and testing 

FFD – film-focal distance 

ID – identification 

kVp – peak kilovolt 

mA – milliamp 

mAs – milliamp second 

mm – millimeter 

n – number of subjects 

NLC – neutral lateral cervical 

p – p-value 

r – Pearson coefficient 

SADD – spinal arthritis and disc disease 

SCM – sternocleidomastoid 

sEMG – surface electromyography 

TzH C2-C7 – anterior or posterior head translation from C2 to 

C7 

WAD – whiplash associated disorder 

Spinal Alignment Shorthand 

+/- _ _ _ – direction of movement per the Cartesian coordinate 

system 

T_ _ – Translation along an axis per the Cartesian coordinate 

system 

R _ _ – Rotation around an axis per the Cartesian coordinate 

system 

_x_ – x-axis (in the body’s frontal plane) per the Cartesian 

coordinate system 

_y_ – y-axis (in the body’s sagittal plane) per the Cartesian 

coordinate system 

_z_ – z-axis (in the body’s transverse plane) per the Cartesian 

coordinate system 

_ _ P – Pelvis (in relation to the feet) 

_ _ T – Thoracic cage (in relation to the pelvis) 

_ _ H – Head (in relation to the thoracic cage) 

+TzH – Anterior Head Translation 

+RxH – Anterior Head Flexion 

 

 

 

 

 
 

anterior head flexion; anterior cervical muscles; anterior head 

translation; forward head posture; hypolordosis; muscle 

spasm; cervical biomechanics; neutral lateral cervical 

radiograph; hypertonicity 
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