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Abstract
Background: The association between cervical lordosis (sagittal alignment) and neck pain is controversial. Further,
it is unclear whether spinal manipulative therapy can change cervical lordosis. This study aimed to determine
whether cervical lordosis changes after a course of spinal manipulation for non-specific neck pain.
Methods: Posterior tangents of C2 and C6 were drawn on the lateral cervical fluoroscopic images of 29 patients
with subacute/chronic non-specific neck pain and 30 healthy volunteers matched for age and gender, recruited
August 2011 to April 2013. The resultant angle was measured using ‘Image J’ digital geometric software. The
intra-observer repeatability (measurement error and reliability) and intra-subject repeatability (minimum
detectable change (MDC) over 4 weeks) were determined in healthy volunteers. A comparison of cervical
lordosis was made between patients and healthy volunteers at baseline. Change in lordosis between baseline
and 4-week follow-up was determined in patients receiving spinal manipulation.
Results: Intra-observer measurement error for cervical lordosis was acceptable (SEM 3.6°) and reliability was
substantial ICC 0.98, 95 % CI 0.962–0991). The intra-subject MDC however, was large (13.5°). There was no
significant difference between lordotic angles in patients and healthy volunteers (p = 0.16). The mean cervical
lordotic increase over 4 weeks in patients was 2.1° (9.2) which was not significant (p = 0.12).
Conclusions: This study found no difference in cervical lordosis (sagittal alignment) between patients with
mild non-specific neck pain and matched healthy volunteers. Furthermore, there was no significant change in
cervical lordosis in patients after 4 weeks of cervical spinal manipulation.
Keywords: Neck pain, Spinal manipulation, Cervical lordosis, Sagittal alignment

Background
Neck pain is a common complaint that will affect three
quarters of people at some point in their lives [1]. It is
one of the most commonly reported reasons for ambulatory health care visits with 12 month prevalence rates
ranging from 30 to 50 % [2]. At the societal level, neck
pain significantly impacts economically in terms of work
absenteeism and health care expenditure [3–5].
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In general, despite technological advancements, an
accurate diagnosis of neck pain remains elusive [6], but it
has been proposed that the amount of lordosis (sagittal
alignment) in the cervical spine is important for treatment
and prognosis [7, 8]. However, the importance of cervical
lordosis in relation to neck pain is controversial and has
yet to be substantiated by high quality prospective
research.
It has been suggested that lordosis can change following trauma or due to disc degeneration [9] and reduced
cervical lordosis has been associated with neck pain in
acute and chronic neck pain patients [7, 10–12]. However, one study used retrospective data from radiographs
ranging from 1988 to 2003 [12], giving rise to concerns
about measurement standardisation. Given the time

© 2015 Shilton et al. Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Shilton et al. Chiropractic & Manual Therapies (2015) 23:33

frame, it seems reasonable to suggest that positioning may
not have been standardised across time. In addition,
others [13–18] found no association between lordosis and
neck pain, and in a literature review Gay [16] concluded
that the curve of the cervical spine had little prognostic
significance. Further, a more recent systematic review concluded that an association between cervical lordosis and
spinal pain was not supported by the epidemiological evidence, albeit much of the research reviewed was found to
be of low methodological quality [19].
Harrison et al. [7, 11] reported increases in cervical
lordosis after treatment (consisting of spinal manipulative therapy (SMT) and cervical traction) in 30 neck pain
patients and found this to be consistent with a reduction
in pain. However, the authors [7] conceded that their
study design fell short of allowing them to suggest that
one has caused the other. In addition, if a systematic
change in lordosis after treatment is found, this change
cannot be attributed to the treatment intervention if
there is a lack of (i) a control group with which to compare differences in change or (ii) an estimate of measurement error.
Closer inspection reveals further design problems with
these studies [7, 11]. Although they incorporated a standardised radiographic positioning protocol consisting of
obtaining two flexion and extension positions reached
with eyes closed, this may involve a considerable repositioning error due to patients not being re-positioned
in exactly the same way as for the first measurement.
Furthermore, one study [11] involved only patients with
a reduced lordosis at baseline and in the other [7] subjects were excluded if they had a cervical kyphosis, either
segmentally or throughout the neck. This calls into
question the generalisability of the findings.
According to Cooperstein and Gleberzen [20], there is a
paucity of evidence investigating the ability of SMT to
alter the shape of spinal curves and to our knowledge, no
one has established a mimimum detectable change
(MDC) to allow one to distinguish real changes from natural variation. Although the Cobb angle analysis has been
the method of choice for measurement of overall lordosis
and kyphosis of the sagittal spinal curves on lateral radiographs, it has been claimed that the posterior tangent
method is superior in terms of measurement error (standard error of measurement) and face validity by avoiding
over or under-estimation of lordosis [7, 11, 21].
This present study aimed to explore the effects of
cervical manipulation on lordosis as measured using the
posterior tangent method.
The study objectives were:
1. To determine the intra-observer and intra-subject
repeatability (measurement error and reliability) for
cervical lordosis measurement in healthy volunteers
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2. To determine whether cervical lordosis changes
(change equal to or larger than the MDC calculated
from untreated healthy volunteers) after a course of
spinal manipulation for non-specific neck pain.

Methods
Study design

The data for this study were collected as part of a prospective cohort study [22] (the ‘parent study’) investigating the effect of spinal manipulation on inter-vertebral
motion. In that study, fluoroscopic imaging sequences of
cervical flexion/extension were recorded at baseline and
4-week follow-up in neck pain patients receiving SMT
and healthy volunteers not receiving any treatment using
a standardised positioning protocol (Fig. 1). From those
sequences, initial static neutral images were extracted as
Audio Video Interleaved (AVI) files from which to measure cervical lordosis in this present study.
The sample size of 30 in each group was a realistic
recruitment target given time and resource constraints
and would allow adequate opportunity for normal distributions of interval data if present [23]. The sample provided a 90 % power to detect a 6° (SD 10) change in
cervical lordosis in patients at the 95 % level of significance, hence the possibility of detecting changes far
smaller than those previously reported in response to
manual treatment in the literature [7]. Figure 2 provides
an overview of the study design.
An intra-observer repeatability study was undertaken to
test the repeatability (measurement error and reliability)
of the measurement instrument in healthy volunteers (n =
30) [24]. The cervical lordoses of non-specific neck pain
patients were compared at baseline with healthy volunteers and a baseline to follow-up comparison in healthy
volunteers was used to calculate the MDC. Changes in
cervical lordosis at follow-up in patients were then identified with respect to the MDC. The acquisition set up of
the parent study is shown in Fig. 3.
Measurements of the positioning apparatus at baseline
were taken and recorded (Figs. 3 and 4) so that the configuration could be faithfully replicated at 4-week follow-up.
Participants

All participants were recruited from August 2011 to
April 2013. Data were collected from 30 patients (21
female) attending the Anglo-European College of
Chiropractic (AECC) out-patient clinic with a new
episode of non-specific neck pain of at least 2 weeks’
duration and 30 pain-free healthy volunteers age and
gender-matched with the patients and recruited from
staff and students of AECC and the Faculty of Health
and Social Sciences (formerly the School of Health &
Social Care), Bournemouth University. One patient’s
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Fig. 1 Fluoroscopic image acquisition protocol
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Fig. 2 Study flow diagram

Fig. 3 Image acquisition set-up
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to the posterior surface of the vertebral bodies of C2 and
C7 (Fig. 5).
The image measurement was facilitated by importing the fluoroscopic images into ‘Image J’ digital geometric
software (available from: http://imagej.nih.gov/ij/ [Accessed
June 2013]). As C7 was not visualised in six of the patients
and two of the healthy volunteers the vertebral bodies
chosen for this measurement throughout the study
were C2 and C6. The image used was reduced to 75 %
of the original size before marking. Using the program’s drawing tool, a line was drawn posteriorly to
the vertebral bodies of C2 and C6 and the protractor
tool was then used to measure the angle between
them. Kyphotic and lordotic angles were recorded as
negative and positive values, respectively.
Interventions

Fig. 4 Stabilisation and motion frame with aspects that are measured
indicated. Key to Fig. 4: 1. Height of motion frame, 2. Height of stool, 3.
Position of stool base, 4. Position of stool base, 5. Horizontal distance of
face-rest, 6. Distance from motion-frame to face-rest, 7. Position of
participant’s face on face-rest 8. Height of face-rest

imaging sequence was not available due to a technical
error which reduced the patient sample to 29.
The inclusion criteria for patients were: non-specific
neck pain (reproducible by neck movement/provocation
tests), of at least two weeks' duration, a self-reported
pain rating of 3 or more on a 11 point numerical rating
scale (NRS) and no suspected pathology.
The inclusion criteria for the healthy volunteers were
that they should not have any current neck pain, dizziness or vertigo or any neck pain that limited activity for
more than 24 h in the last 12 months.
Image measurement

For this study, the method of Gore was used for
image measurement to be consistent with other
studies [7, 8, 11, 14] for comparison and because Harrison et al. [21] found it to be superior to the Cobb method
in terms of the measurement error (SEM). This method
involves measuring the angle between lines drawn parallel

The intervention involved SMT of the cervical region
twice per week for 4 weeks. Manipulation was a high
velocity low amplitude thrust (HVLA) using diversified
techniques [25] as clinically indicated (based on patient history and exam findings including segmental
pain/restriction as identified by static and motion palpation) and delivered by a chiropractor of at least 5 years’
clinical experience. Patients received a mean of 1.3
cervical manipulations per visit (SD 0.4) and 10.7 over the
course of the study (SD 3.5) [22]. Final year chiropractic
interns also administered trigger point therapy and light
massage (both received at least once by 27 patients) to the
neck as clinically indicated. Seven patients reported using
hot or cold packs during the study period, and 18 used
over the counter pain-relieving medication [22]. The
outcome measure for this present study was the angle of
cervical lordosis.
Data analysis

Analysis was carried out using IBM SPSS Statistics
(V210 and Stats Direct (V2.7.7). Baseline and follow-up
lordoses for both patients and healthy volunteers were
assessed for normality using the Shapiro-Wilk test. Provided the data were normally distributed, an unpaired
two-tailed t-test was used to evaluate whether there was
a statistically significant difference (significance level
α = 0.05) in mean cervical lordosis at baseline between
patients and healthy volunteers. Baseline to follow-up
comparisons in patients were performed using paired
two-tailed t-tests (significance level α = 0.05).
Repeatability encompasses measurement error
(agreement) and reliability [24]. Measurement error
was quantified by the SEM and repeatability coefficients
were calculated to represent the MDC [26]. The SEM and
MDC in healthy volunteers were calculated using the
following formulae:
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Fig. 5 Posterior tangent method of measuring cervical sagittal alignment

pﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
SEMagreement ¼ MSW ¼ Sw
pﬃﬃﬃ
MDC ¼ Sw : 2 : 1:96

Here, sw and MSW denote the within-subject standard
deviation and within-subjects mean square, respectively.
For the intra-observer repeatability study, one observer
repeated two measurements of cervical lordosis per
healthy volunteer from one fluoroscopic image, at least
24 h apart. For the intra-subject repeatability study, calculations were based on baseline and follow-up lordosis
measurements from each healthy volunteer as obtained
by one observer.
Intraclass correlation coefficients (ICC) were used to
quantify intra-observer reliability [24]. Generally ICCagreement (A) is the better option over ICCconsistency (C) as
the first is sensitive to proportional and fixed bias while
the later only to proportional bias [27]. Since measurements per subject could potentially differ in a systematic
manner, a 2-way analysis of variance (ANOVA) was used
to estimate the various components of the ICC parameters. The type of ICC calculated was ICC (3A,1) single
measures as each target or object of measurement is
rated by each of the same k observers, where k = 1, and
it was assumed that this was the only observer of interest [28, 29]. Using SPSS, ICCs (3A, 1) and 95 % confidence intervals (CI) were obtained.

Results
Baseline and follow-up measurements of lordoses for
both patients and healthy volunteers were normally
distributed.

Participant baseline characteristics

Table 1 shows the baseline characteristics of the healthy
volunteers and patients. There were no statistically significant differences between the groups in terms of their
gender, age or cervical lordosis, although patients tended
to have greater lordotic curves.

Repeatability (measurement error and reliability) of
cervical lordosis measurement

Table 2 shows the intra-observer and intra-subject
repeatability in healthy volunteers.
An intra-observer MDC of 9.9° indicates that two
measurements performed by one observer within 24 h
and using one radiograph are expected to differ by no
more than 9.9° in 95 % of subjects [24]. Similarly, an
intra-subject MDC of 13.5° indicates that over a 4-week
period subjects’ lordosis measurements are expected to
change no more than 13.5°. Only changes greater than
Table 1 Baseline characteristics of participants
N

Patients

Healthy volunteers

29

30

Significance (p)

Female

21

21

Age, years

39.6 (12.8)

40.5 (12.7)

0.72*

NRS score/10

5.1 (1.4)

NDI score/50

12.7 (6.6)

Cervical lordosis,
degrees

9.5 (13.5)

4.4 (14.0)

0.16*

Mean (SD) unless otherwise stated; NRS 11-point numerical rating scale;
NDI neck disability index
*
p-values for unpaired two-tailed t-tests
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Table 2 Intra-observer and intra-subject repeatability in healthy
volunteers
Intra-observer repeatability

Intra-subject repeatability

SEMagreement

3.6°

4.9°

MDC

9.9°

13.5°

ICC (3A,1),
(95 % CI)

0.98 (0.962–0991)

0.87 (0.743–0.936)

SEM standard error of measurement; MDC minimum detectable change;
ICC (3A, 1) intra-class correlation coefficient two-way single measures
mixed effects model (agreement)

13.5° can, at least in part, be confidently associated with
a factor (such as treatment) to which the healthy volunteers have not been exposed.

Changes to cervical lordosis in patients

Patients’ lordoses increased, on average, from +9.5° (SD
13.5°, 95 % CI 4.6°–14.5°) to +11.6° (SD 11.8°, 95 % CI
7.3°–15.9°). These changes were not statistically significant (p > 0.05). The change in cervical lordosis was
highly variable (range = 0.1–24.9°). In only 14 % (4/29) of
patients was cervical lordosis increased by at least the
MDC.

Discussion
Many researchers have suggested that a loss of cervical
lordosis, as measured using plain-film radiographs,
might be a cause of neck pain [7, 8, 10–12]. This has led
some practitioners to place emphasis on the restoration
of the lordotic curve as an important outcome measure
for their treatment [8, 11, 30]. However, other researchers have suggested that a lack of lordosis is a normal variant and therefore not a cause of symptoms for
neck pain [14–18].
In order to determine whether cervical lordosis
changes because of treatment, a measurement tool of
high repeatability is required to detect small differences.
No studies were discovered in this review of the literature that found patients with neck pain to have a different cervical lordosis from asymptomatic subjects using a
methodology that does not involve exclusion based on
pre-existing cervical spine alignment or with highly standardised positioning.
The present investigation used images in which the
cervical lordoses of clinically presenting neck pain patients matched with healthy volunteers were measured
under highly standardised positioning at baseline and
4 week follow-up. In this way it was possible to more
confidently investigate the association between cervical
lordosis and pain and to test the repeatability of measuring cervical lordosis.
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Intra-observer repeatability

The ICC (3A,1) of 0.981 (0.962–0991) indicates substantial reliability [31]. However, the intra-observer study
demonstrated only modest levels of agreement with an
SEM of 3.6°. This is higher than that reported by Gwinn
et al. [32] and three times higher than that reported by
Jackson et al. [33]. However, Jackson et al. [33] did not
report which type of SEM was calculated (SEMconsistency
or SEMagreement). Further reasons for their lower SEM
could be having better image quality (plain film as opposed to fluoroscopic images) and/or more experienced
observers.
Cervical lordosis in non-specific neck pain patients versus
healthy volunteers

There was a non-statistically significant baseline difference (mean = 5.1°) in lordosis between patients and
healthy volunteers, with the patients having the greater
lordosis. However, this difference was not detectable in
the current study. Based on a standard deviation of 14°
(see Table 1, healthy volunteers), a sample size of at least
166 patients and 166 healthy volunteers would be
required in order to detect a difference of 5° in lordosis
with a statistical power of 90 % and significance level of
0.05. Thus, the non-significance for the difference may
have been due to a type 2 error. Furthermore, while significant differences might be detected at the group-level
with a sufficiently large sample size the large individual
variability in cervical lordotic angles (−18–32° in patients
and −22–36° in healthy volunteers) means that this is
not a feasible technique for the evaluation of individual
patients.
Cervical lordosis of patients at baseline and 4 week
follow-up

The results from this study showed a mean increase in
cervical lordosis in the patient group of 2.1° (SD 9.2°).
This was not statistically significant and well below the
natural variation in the healthy volunteers (MDC 13.5°).
To attain a statistical power of 90 % with a 0.05 significance level, a sample size of at least 437 patients would
be required to detect a mean difference of 2.1° in lordosis between baseline and follow-up, however this difference is not likely to be clinically meaningful. Two
studies in the literature have attempted to measure
change in cervical lordosis and have reported mean
increases above 13.5°.
Harrison et al. found a 14.2° [11] and 17.9° [7] change
in neck pain patients. In both of these studies the
authors reported an increase in cervical lordosis coupled
with a reduction in pain, but did not report the MDC or
present a power calculation. The treatment groups
received SMT for three weeks [11] and four weeks [7]
and then a further traction period of nine weeks [11]
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and 14 weeks [7]. As the results from our study suggest
that there is no association between cervical lordosis
and pain it appears initially at odds with the Harrison
studies. However, any changes in cervical lordosis that
were achieved in those studies were perhaps due to traction rather than SMT [7] but that remains unknown. In
the absence of randomisation or a control group there is
also the possibility that these changes were due to natural variation (independent of treatment).
Strengths, limitations and suggestions for further
research

A strength of this investigation lies in its use of prospective data of clinically presenting patients of all cervical sagittal alignments to be radiographically imaged
under highly standardised conditions. In addition, the
present study measured and reported both the measurement error and reliability of the method.
The MDC that was calculated from the healthy volunteers in this study, which provides information on the
natural fluctuation of cervical lordosis over time, does
not appear to have been previously reported. This suggests that small intervention effects on cervical lordosis
will be difficult to detect. An MDC derived from a
symptomatic cohort rather than asymptomatic subjects
would give greater confidence in determining whether a
change in treated symptomatic subjects could be attributed in part to the treatment, although this would
present the ethical and practical challenges of recruiting
patients who would consent to receiving no manual
treatment.
While no significant difference in cervical lordosis was
found between patients and healthy volunteers that does
not preclude such a difference being detected in a study
with a sufficiently large sample size. A further limitation
of this study is that its design does not allow us to establish a causal relationship between cervical lordosis and
pain, nor did it address other clinical outcomes. In
addition, because six of the patients and two of the
healthy volunteers had images where C7 could not be
visualised, the study used C2-6 throughout, unlike previous studies [7]. However, this was thought not to be
critical as the angle difference between C6 and C7 is
considered to be very small [33].
Finally, it is noted that the width of the line drawn and
decisions regarding accommodating osteophytes require
interpretation and practice to develop consistency. This
may be a further important source of variability in
measurement.

Conclusions
This study found no difference in cervical lordosis (sagittal alignment) between patients with mild non-specific
neck pain and matched healthy volunteers. Furthermore,
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there was no significant change in cervical lordosis in
patients after 4 weeks of cervical SMT.

Consent
Written informed consent was obtained from the
participant in Fig. 3 for the publication of this report
and any accompanying images.
Competing interests
The authors declare they have no competing interests.
Authors’ contributions
This article is based on a question generated by AB and JB. All fluoroscopic
data were collected by JB assisted in part by AB and all cervical angles were
measured by MS. Analysis was conducted by BPV and MS. All authors
contributed to the paper. All authors read and approved the final
manuscript.
Author details
1
Anglo-European College of Chiropractic, 13-15 Parkwood Road,
Bournemouth BH5 2DF, UK. 2Faculty of Health and Social Sciences,
Bournemouth University, Bournemouth House, Bournemouth BH1 3LH, UK.
3
Institute of Musculoskeletal Research and Clinical Implementation,
Anglo-European College of Chiropractic, 13-15 Parkwood Road,
Bournemouth BH5 2DF, UK.
Received: 2 March 2015 Accepted: 4 November 2015

References
1. Fejer R, Kyvik KO, Hartvigsen J. The prevalence of neck pain in the world
population: a systematic critical review. Eur Spine J. 2006;15(6):834–48.
2. Hogg-Johnson S, van der Velde G, Carroll LJ, Holm LW, Cassidy JD, Guzman
J, et al. The burden and determinants of neck pain in the general
population: results of the Bone and Joint Decade 2000–2010 Task Force on
Neck Pain and Its Associated Disorders. Spine. 2008;33(4 Suppl):S39–51.
3. Linton SJ, Hellsing AL, Hallden K. A population-based study of spinal pain
among 35-45-year-old individuals. Prevalence, sick leave, and healthcare use.
Spine. 1998;23(13):1457–63.
4. Cote P, van der Velde G, Cassidy JD, Carroll L, Hogg-Johnson S, Holm L, et
al. The burden and determinants of neck pain in workers: results of the
bone and joint decade 2000–2010 task force on neck pain and its
associated disorders. Spine. 2008;33(4 Suppl):S60–74.
5. Cote P, Kristman V, Vidmar M, Van Eerd D, Hogg-Johnson S, Beaton D, et al.
The prevalence and incidence of work absenteeism involving neck pain: a
cohort of Ontario lost-time claimants. Spine. 2008;33(4 Suppl):S192–8.
6. Nordin M, Carragee EJ, Hogg-Johnson S, Weiner S, Hurwitz E, Peloso P, et al.
Assessment of neck pain and its associated disorders: results of the Bone
and Joint Decade 2000–2010 task force on neck pain and its associated
disorders. J Manipulative Physiol Ther. 2009;32(2 Suppl):S117–40.
7. Harrison DE, Harrison DD, Betz JJ, Janik TJ, Holland B, Colloca CJ, et al.
Increasing the cervical lordosis with chiropractic biophysics seated
combined extension-compression and transverse load cervical traction with
cervical manipulation: nonrandomized clinical control trial. J Manipulative
Physiol Ther. 2003;26(3):139–51.
8. McAviney J, Schulz D, Bock R, Harrison DE, Holland B. Determining the
relationship between cervical lordosis and neck complaints. J Manipulative
Physiol Ther. 2005;28(3):187–93.
9. Hardacker JW, Shuford RF, Capicotto PN, Pryor PW. Radiographic standing
cervical segmental alignment in adult controls without neck symptoms.
Spine. 1997;22(13):1472–80.
10. Gore DR. Roentgenographic findings in the cervical spine in asymptomatic
persons: a ten-year follow-up. Spine. 2001;26(22):2463–6.
11. Harrison DE, Cailliet R, Harrison DD, Janik TJ, Holland B. A new 3-point
bending traction method for restoring cervical lordosis and cervical
manipulation:
a nonrandomized clinical controlled trial. Arch Phys Med Rehabil. 2002;83(4):
447–53.

Shilton et al. Chiropractic & Manual Therapies (2015) 23:33

Page 9 of 9

12. Harrison DD, Harrison DE, Janik TJ, Caillet R, Ferrantelli JR, Haas JW, et al.
Modeling of the sagittal cervical spine as a method to discriminate
hypolordosis. Spine. 2004;29(22):2485–92.
13. Kumagai G, Ono A, Numasawa T, Wada K, Inoue R, Iwasaki H, et al.
Association between roentgenographic findings of the cervical spine and
neck symptoms in a Japanese community population. J Orth Sci. 2014;19(3):
390–7.
14. Grob D, Frauenfelder H, Mannion AF. The association between cervical
spine curvature and neck pain. Eur Spine J. 2007;16(5):669–78.
15. Borden AG, Rechtman AM, Gershon-Cohen J. The normal cervical lordosis.
Radiology. 1960;74:806–9.
16. Gay RE. The curve of the cervical spine: variations and significance.
J Manipulative Physiol Ther. 1993;16(9):591–4.
17. Okada E, Matsumoto M, Ichihara D, Chiba K, Toyama Y, Fujiwara, et al. Does
the sagittal alignment of the cervical spine have an impact on disk
degeneration? Minimum 10-year follow-up of asymptomatic controls. Eur
Spine J. 2009;18(11):1644–51.
18. Beltsios M, Savvidou O, Mitsiokapa EA, Mavrogenis AF, Kaspiris A,
Efstathopoulos N, et al. Sagittal alignment of the cervical spine after neck
injury. Eur J Orthop Surg Traumatol. 2013; 23 Suppl 1: S47–51.
19. Toftgaard ST, Hartvigsen J. Spinal curves and health: a systematic
critical review of the epidemiological literature dealing with associations
between sagittal spine curves and health. J Manipulative Physiol Ther.
2008;31(9):690–714.
20. Cooperstein R, Gleberzon B. Technique systems in chiropractic. Philadelphia:
Churchill Livingstone; 2004.
21. Harrison DE, Harrison DD, Cailliet R, Troyanovich SJ, Janik TJ, Holland B.
Cobb method or Harrison posterior tangent method: which to choose for
lateral cervical radiographic analysis. Spine. 2000;25(16):2072–8.
22. Branney J, Breen AC. Does inter-vertebral range of motion increase after
spinal manipulation? A prospective cohort study. Chiropr Man Therap. 2014;
22:24.
23. Field A. Discovering statistics using SPSS. 3rd ed. London: Sage; 2009.
24. de Vet HC, Terwee CB, Knol DL, Bouter LM. When to use agreement versus
reliability measures. J Clin Epidemiol. 2006;59(10):1033–9.
25. Peterson DH, Bergmann TF. Chiropractic Technique: Principles and
Procedures. 2nd ed. St Louis: Mosby Inc; 2002.
26. Bland JM, Altman DG. Measurement error. BMJ. 1996;313(7059):744.
27. Weir JP. Quantifying test-retest reliability using the intraclass correlation
coefficient and the SEM. J Strength Cond Res. 2005;19(1):231–40.
28. Shrout PE, Fleiss JL. Intraclass correlations: uses in assessing rater reliability.
Psychol Bull. 1979;86(2):420–8.
29. McGraw KO, Wong SP. Forming inferences about some intraclass correlation
coefficients. Psychol Methods. 1996;1(1):30–46.
30. Katsuura A, Hukuda S, Saruhashi Y, Mori K. Kyphotic malalignment after
anterior cervical fusion is one of the factors promoting the degenerative
process in adjacent intervertebral levels. Eur Spine J. 2001;10(4):320–4.
31. Shrout PE. Measurement reliability and agreement in psychiatry. Stat
Methods Med Res. 1998;7(3):301–17.
32. Gwinn DE, Iannotti CA, Benzel EC, Steinmetz MP. Effective lordosis: analysis
of sagittal spinal canal alignment in cervical spondylotic myelopathy. J
Neurosurg Spine. 2009;11(6):667–72.
33. Jackson BL, Harrison DD, Robertson GA, Barker WF. Chiropractic
biophysics lateral cervical film analysis reliability. J Manipulative Physiol
Ther. 1993;16(6):384–91.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

