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Abstract

There is a faction within the chiropractic profession passionately advocating against the routine use of X-rays in the diagnosis,
treatment and management of patients with spinal disorders (aka subluxation). These activists reiterate common false statements
such as “there is no evidence” for biomechanical spine assessment by X-ray, “there are no guidelines” supporting routine imaging,
and also promulgate the reiterating narrative that “X-rays are dangerous.” These arguments come in the form of recycled
allopathic “red flag only” medical guidelines for spine care, opinion pieces and consensus statements. Herein, we review these
common arguments and present compelling data refuting such claims. It quickly becomes evident that these statements are false.
They are based on cherry-picked medical references and, most importantly, expansive evidence against this narrative continues to
be ignored. Factually, there is considerable evidential support for routine use of radiological imaging in chiropractic and manual
therapies for 3 main purposes: |. To assess spinopelvic biomechanical parameters; 2. To screen for relative and absolute con-
traindications; 3. To reassess a patient’s progress from some forms of spine altering treatments. Finally, and most importantly, we
summarize why the long-held notion of carcinogenicity from X-rays is not a valid argument.
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Introduction Chiropractic anti-imaging activists reiterate common false
statements such as “there is no evidence” for biomechanical
assessment from X-rays, “there are no guidelines” supporting
routine imaging, and that “X-rays are dangerous.” These argu-
ments come in the form of recycled allopathic “red flag only”
medical guidelines for spine care,?**? opinion pieces**~* and

Despite radiography being a well-established cornerstone of
spine and pelvic biomechanical examination in the therapy
of spine disorders,''® there are pressures to reduce the use of
radiological imaging to assess spine structure and function
within the chiropractic profession.'’® This mounting pressure
is by a select faction of mostly academics who claim that
imaging is over-utilized within chiropractic. In 2017, this
movement culminated in a major chiropractic association join-
ing the Choosing Wisely program to denounce the use of
X-rays for routine assessment of acute low back pain (within  Received 24 November 2020; received revised 04 December 2020; accepted
the first 6-weeks of onset) and not to use X-rays for repeated 05 December 2020

use to monitor patient progress.'’ Th§se apti-imaging practice Corresponding Author:

strategies have been shown to lack evidential support and to be  pay A, Oakley, Private Practice, Newmarket, Ontario, Canada L3Y 8Y8.
antithetical to scientific reality.'®!?
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consensus statements.'” All of these claims are factually incor-
rect as has been extensively pointed out in several publica-
tions, '3-16:18:192330 X _rays are, in fact, the only practical way
to assess a patient’s essential biomechanical spinal parameters
(e.g. cervical hyper/hypo-lordosis/kyphosis, thoracic hyper/
hypo-kyphosis, lumbar hyper/hypo-lordosis, global/regional
sagittal balance, pelvic tilt, sacral slope, thoracic inlet angle,
pelvic morphology, etc.).!'? As well, there are indeed chiro-
practic guidelines®'* and rationale'*'®*> that support routine
imaging and, as we will discuss later, low-dose radiation expo-
sures from X-rays are now known to be harmless based on
updated information.>®*®

Problematically, the anti-imaging stance in chiropractic pro-
mulgates misinformation that confuses the public and contri-
butes to divisiveness within the profession between those who
practice specialty techniques that require routine spine imaging
(to guide treatment) and those who practice generalized gross
manipulation that, generally, do not use imaging. Further, the
anti-imaging narrative gets amplified when reiterated in the
literature, such as when mentioned in chiropractic clinical prac-
tice guidelines**! and when over-stated in low-quality
studies.>> It has also been thoroughly documented that the
anti-imaging stance such as by the American Chiropractor’s
Association’s participation in the Choosing Wisely campaign’s
Points 1 and 2 anti-imaging stance is fraught with misappro-
priated medical references (i.e. practice of medicine refer-
ences) and not supported by any legitimate chiropractic
disciplined evidence.'®'” Most problematically, this anti-
imaging stance has led to insurance companies capitalizing
on the opportunity to adopt policies that discriminate against
chiropractors who take X-rays based on these practice strate-
gies that are not representative of the profession, including
Blue Cross Blue Shield (BCBS) and others.'®

While we acknowledge that traditional “red flags” (malig-
nancy, fracture, inflammatory disorders, etc.) warrant radio-
graphic screening for suspected serious disease processes
(this is a concern for all primary care providers), our focus is
on the routine use of radiographic imaging for the purposes of
screening, assessment, patient management and monitoring of
spine and pelvis (spinopelvic) biomechanical parameters from
modern and contemporary chiropractic and manual therapy
treatment methods. The purpose of this discussion is to assess
the validity of common statements made against the use of
routine X-ray use in chiropractic practice. Specifically, we
show that routine X-ray use is an evidence-based tool to: 1.
Assess spinopelvic biomechanical parameters; 2. Screen for
relative and absolute contraindications to spine care; 3. Re-
assess a patient’s progress to some types of spine rehabilitative
treatments. Finally, we provide a synopsis of the most recent
evidence showing the long-held assumption of carcinogenicity
from X-rays is no longer a valid argument.

Assessing Spinopelvic Parameters

Recent statements made in the chiropractic literature include
Jenkins et al. (2018) who stated: “there is currently insufficient

evidence to recommend the use of routine spinal X-rays to
analyse spinal biomechanics,”* and Corso et al. (2020) who
stated: “We found no evidence that the use of routine or repeat
radiographs to assess the function or structure of the spine, in
the absence of red flags, improves clinical outcomes and ben-
efits patients.”> The former article has been critiqued ad nau-
seam,”® and the latter article was a “rapid review” that did not
include any literature published in the last 15 years! It must be
mentioned that specifically within the last 15 years (2005-
2020) the literature has become replete with high-quality evi-
dence correlating various spinopelvic parameters as measured
from X-rays to various health outcomes in the spine care
literature.' '

A simple PubMed search of systematic reviews (SR) of par-
ticular spine parameters shows unanimous conclusions favoring
significant relationships between altered spine parameters and
physiological dysfunction. Forward head posture (i.e. anterior
head translation), for example, is associated with headache,
altered muscle activity, altered proprioception, altered breath-
ing, pain and disability.>*>° Loss of lumbar lordosis, particu-
larly loss of distal lordosis is associated with and causative for
low back pain (LBP).>”-*® Osteoarthritis and spondylolisthesis
are linked to LBP.%®>° All of these spinal parameters are diag-
nosed by radiography and, again, these relationships are current
scientific consensus based on SRs.>*>°

As mentioned, despite factions within chiropractic claiming
the opposite, the routine assessment of a patient’s spinopelvic
biomechanical parameters is the standard for evaluating adult
spinal deformity (ASD) and subluxation/misalignment pat-
terns.'"'%%%-%2 The International Spine Study Group (ISSG) in
fact states: “accurate assessment of ASD requires a thorough
radiographic evaluation of both the spine and pelvis, including
concomitant assessment of the cervical, thoracic, and lumbar
spine, as well as the femoral heads and pelvis.”® One chiro-
practic guideline®! cites Hildebrandt®® who outlines what
radiographic images encompass a full spine radiographic eva-
luation, and these include full spine antero-posterior and lateral
views, images of the femur heads, sacral base, and upper cer-
vical specific views.

It is important to delineate why assessing spinopelvic para-
meters is so important to patient treatment. A monumental
study was published in 2015 by the European Spine Study
Group (ESSG) and a similar study in 2016 by the ISSG.®*¢°
Pellise et al. showed that the quality of life burden on a sample
of 766 ASD patients was significantly more detrimental com-
pared to a database of about 25,000 patients suffering from the
common ailments of self-reported arthritis, chronic lung dis-
ease, diabetes and congestive heart failure.* Similarly, Bess
et al. demonstrated that the physical component summary
scores from the SF-36 quality of life questionnaire in a sample
0f 497 ASD patients showed similar scores to patients suffering
from diabetes, heart disease and rheumatoid arthritis, and that
patients with more severe forms of symptomatic ASD
“reported physical limitations and health impact as patients
with limited use of arms and legs.”®> These studies taken
together provide compelling evidence that ASD can have
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Figure 1. Adult spine deformity specifically refers to the following
spine deformity (subluxation) types as assessed with radiographic
methods and present in any person |8 years and older: A, Thoracic
hyper-kyphosis with a magnitude greater than 60°, green is ideal curve
and red is patient kyphosis. B, Anterior (positive) sagittal balance of
the C7-S| plumb-line greater than 5 cm (pink line from centroid C7 to
horizontal offset of centroid Sl). C, Any frontal view scoliosis of
greater than 20°. D, Sagittal pelvic tilt angle (PA) greater than 25°.
Note, due to the inverse relationship between this PA measurement
and sagittal sacral base angle (SBA), PA is descriptive of a SBA being
decreased where normal SBA = 40°, and normal PA is approximately
I7-18°. Thus, this measurement represents lumbar hypo-lordosis in
the distal lumbar region.

devastating impacts on health that often exceeds the disease
burden from well recognized chronic ailments.

It is important to delineate what the ISSG and ESSG con-
sidered as ASD; the criteria in these 2 reported studies®*®° were
identical and included forward sagittal balance >5 c¢m, thoracic
kyphosis (T4-T12) >60°, pelvic tilt >25° (indicating a
decreased distal lumbar lordosis), and scoliosis >20° as mea-
sured from full-spine patient radiographs (Figure 1). One may
argue that an ASD patient presenting to a spine surgeon may
represent a different population than one presenting to a chir-
opractor or manual therapist and therefore, a surgeon has more
of a rationale to utilize X-ray. However, patients having spine
deformities exceeding these specific parameter thresholds have
been documented to be treated by chiropractors (e.g. anterior

sagittal balance >5 c¢m,**¢’ thoracic hyperkyphosis >60°,°%7°

pelvic tilt >25° indicating loss of lumbar lordosis,”' "> scoliosis
>20°7%8%) Indeed, the treatment of ASD patients who have
significant disease burden often overlaps between spine
surgeons and chiropractors/manual therapists.

In fact, many spine patients seek non-operative care prior to
surgery in attempts to avoid the invasive procedure®'* (surgi-
cal procedures are often viewed as “last resort”) and even after
surgical procedures, as there are high rates of surgical failures
(i.e. the surgery does not eliminate the pains).**®’ It is also
logical that more severe forms of spine deformities preclude
lesser forms of spine deformities that ultimately progresses
over time.**® Thus, chiropractors and manual therapists who
specialize in spine-altering treatment methods serve patients
who have a myriad of subluxated spine displacement patterns
(Figure 2°%°"). If spine patients and their instigating deformi-
ties can be treated successfully, this would prevent the later
need for surgical procedures from evolving spine deformities
(i.e. symptomatic ASD) which has been documented in the
literature.®'® Thus, manual therapists including chiropractors
definitively treat ASD patients, and of course, also treat
patients having less severe spine deformities.

There are many spine and pelvic parameters that can be
measured from standing X-rays (Figures 1 and 3).''® Cervical
lordosis, thoracic kyphosis and lumbar lordosis quantify the
sagittal regional curves (Figure 3). Sagittal anterior-posterior
displacement (translations) for forward head posture and of the
total spine are also typically measured (Figure 1B). Pelvic
position including the sacral inclination, pelvic tilt and pelvic
incidence are also common measurements (Figure 1D). The
scoliosis “Cobb angle” is also measured on the frontal view
(Figure 1C). All the mentioned spinopelvic parameters can be
easily quantified from radiographs using modern x-ray analysis
software, and are amenable to structural change (except pelvic
incidence and thoracic inlet angle which are stable morpholo-
gic measures in adults). Modern non-surgical spine rehabilita-
tion procedures are becoming popular (e.g. Chiropractic
BioPhysics® (CBP®), physiotherapy scoliosis specific exercise
(PSSE), etc.) and for providers who practice such methods, full
spine radiographic assessment is a necessity to quantify the
presenting spinopelvic alignment that in turn, guides patient-
specific treatment procedures.

Screening for Anomalies, Pathologies and
Contraindications to Manual Therapies

Since manual therapies are unavoidably “hands-on” that also
makes them patient-centric. In other words, manual treatments
are ideally applied in a fashion that is custom-tailored to meet
the unique needs of the patient and to also match their prefer-
ences. Case-in-point is that similar forces of thrusts during
spinal manipulation would not be used for infants, children and
frail seniors than would be used for healthy adults. More
specifically, it is known that congenital anomalies, common
pathologies, and relative and absolute contraindications to
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Figure 2. Rotations and translations of the head, thorax, and pelvis about the x, y, z-axis Cartesian coordinate system.”®" All postures have
corresponding spine coupling patterns; patients invariably present with multiple posture and spine alterations/deformities/subluxations (Cour-

tesy CBP seminars).

Figure 3. Harrison posterior tangent method used to quantify cervi-
cal, thoracic and lumbar lordosis as well as any other sagittal subluxa-
tion patterns including individual intersegmental rotation angles
(Courtesy CBP seminars).

2- .
manual treatments are common®>~® and should be known prior

to imparting forces into a patient’s spine and body.
Surprisingly there has been little study of the occurrence of
anomalies, contraindications, and certain pathologies that
would alter treatment approaches by manual therapists and
chiropractors.”*®® Although it has been argued that spinal
manipulation treatment is benign®® (i.e. safe to apply to a wide
population without comprehensive X-ray screening), mild
adverse events are common.’’”® Mild adverse events, although
not catastrophic, present real challenges in daily practice and
the avoidance of these occurring is important.® In contrast,
there are many popular chiropractic adjusting techniques that
are segment-specific (e.g. Atlas Orthogonal, Blair, Diversified,
Gonstead, Grostic, Kale, Logan Basic, NUCCA, Palmer upper
cervical specific, Toggle-recoil, etc.) and the thrust delivery is
based on the initial examination of patient X-rays to ascertain
3-dimensional “thrust vectors.” Further, as mentioned, more
recent patient-specific customized structural rehabilitation pro-
grams (CBP, PSSE, etc.) also require screening for precision
assessment by X-ray and bony anomalies and pathologies
including osteoarthritis that may alter treatment approaches
unrelated to the necessary spinopelvic parameter relationships.
Of the studies done within the chiropractic literature deter-
mining the incidence of bone anomalies, specific pathologies,
and contraindications to spinal manipulation, the overall evi-
dential consensus is that these findings are very common
(Table 1).°%%¢ After assessing 847 full spine patient X-rays,
for example, Beck et al. determined that 68% of the sample had
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Table . Incidence of Anomalies, Pathologies and Postural Changes That Could Alter Treatment, and Relative and Absolute Contraindications

to Provide Chiropractic Treatment.”>%¢

Contraindications

Age Postural Congenital ———  Serious Anomalies/
Author Region n Avg (SD) Sex Cohort/Setting  changes anomalies Relative Absolute pathology Pathologies
Jenkins Cervical 2814 n/r n/r Macquarie 28.5%
University
Thoracic 695 n/r n/r Chiro Clinic 0.7%
Lumbar 1052 n/r n/r 18.3%
Young Lumbar 262 >/<50 mix Chiro 94% 44%
Radiologist
Pryor Cervical 413 n/r n/r Chiro College 91%
Thoracic 403 n/r n/r Clinic 70%
Lumbar 402 n/r n/r 79%
Beck  Full 847 33 (12) mix New Zealand 68.1% 6% 0.6-6.6%
spine Chiro
College Clinic
Bull Full 1698 36 n/r Macquarie 33% 14% 66%
spine University
Chiro Clinic

congenital anomalies, 6% had absolute contraindications
(should not receive thrust manipulation), and 0.6-6.6% had
“serious” pathology warranting referral for urgent medical
assessment/intervention.”> Young et al. diagnosed serious
pathology in 44% of 262 patient lumbar radiographs.” Jenkins
et al. found congenital anomalies in 28.5% of 2814 patient
cervical X-rays and 18.3% of 1052 patient lumbar X-rays.”>
Other studies have found the combination of anomalies and
pathologies to range from 66-91% of patient samples.’**°

In one study reviewing the incidence of radiographic varia-
tions in 10,922 “healthy” German air force recruits, it was
determined that, amazingly, “In only 2.6% were there no patho-
logical findings.”” In a study of X-rays among 232 young,
healthy Norwegian air force candidates it was determined that
“many significant conditions are demonstrated among young
healthy individuals” and among the 66% having anomalies,
degenerative changes and deviations of posture, there was an
average of 3.5 diagnoses per spine X-rayed.'% They also stated
“Since the population is highly selected, the figures we present
may be minimum numbers in a western industrialized soci-
ety.”!% As seen, radiological studies of even so-called healthy
people show that bone and joint skeletal anomalies and pathol-
ogies that translate into relative and absolute contraindications
to spine manipulation, show these findings are extremely com-
mon and, again, can only be determined by routine X-ray
screening.

As a great detriment to the chiropractic profession, most
“X-ray guidelines” for chiropractors have dedicated little to
no emphasis on the unique aspects of manipulation of the spine
and have neglected to provide guidelines reflective of the
requirement to screen for important anomalies and relevant
pathologies, and only discuss “absolute” contraindications
(i.e. red flags).?*** Such “red flag” guidelines for chiropractic
are misleading those who strictly abide by them into having

faith in red flag screening. It was pointed out recently that many
red flags (i.e. signs of serious pathology) are based on little
evidence,'°'"1%7 and are not as reliable as has been the enthu-
siasm for their endorsement.'® Routine X-ray screening would
identify important aspects idiosyncratic to the individual
patient and allow for better care. We concur with Giles who
stated: “because spinal manipulation involves forces to the
spine and, in rare circumstances, may result in an adverse reac-
tion it seems justified to image a patient’s painful spinal area
when clinical trials involving spinal manipulation are
conducted.”'%(p130)

A comprehensive list of potentially relevant X-ray findings
that could alter treatment approaches has been given by the
Practicing Chiropractors’ Committee for Radiology Protocols
(PCCRP)*' (Table 2). It should be noted that patients present-
ing to a manual therapist typically have multiple indications.

Re-assessing Structural Alignment Changes

As discussed, the goal of structural-based treatment (as
opposed to symptom-based treatment) is to realign the global
and segmental morphological shape of the spine and how a
person stands relative to their center of balance. Repeating
radiological procedures to re-assess spinopelvic response to
treatment procedures is an essential practice that often leads
to a change in treatment.

Treatment course changes from repeated X-rays may either
take on 1 of 4 scenarios (Table 3). Possibilities include positive
changes, no change or a worsening of parameters; as can be
seen, each scenario has warranted treatment considerations.
Logically, continued treatment options for chiropractors utiliz-
ing spine altering methods depend on measurement of the spi-
nopelvic parameters as assessed from the follow-up (repeat)
X-rays. This is an evidence-based and patient-centered
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Table 2. Indications for Spine Radiography in Adults and Children Not Associated With “Red Flags.

»31

. Abnormal posture;
. *Spinal Subluxation;

Trauma, especially trauma to the spine;

. Restricted or abnormal motion;

. Abnormal gait;

. Axial pain;

. Radiating pain (eg, upper extremity, intercostal, lower extremity);
10. Headache;

I 1. Suspected short leg;

12. Suspected spinal instability;

OV ONO VA WN —

. Spinal deformity (eg, scoliosis, hyper-kyphosis, hypo-kyphosis, etc.. . );

Birth Trauma (eg, forceps, vacuum extraction, caesarean section etc...);

I 3. Follow-up for previous deformity, previous abnormal posture, previous spinal subluxation/displacement, previous spinal instability;

I 4. Suspected osteoporosis;
I5. Facial pain;

| 6. Systemic health problems (eg, skin diseases, asthma, auto-immune diseases, organ dysfunction);

I7. Neurological conditions;

I8. Delayed developmental conditions;

I9. Eye and vision problems other than corrective lenses;
20. Hearing disorders (eg, vertigo, tinnitus, etc...);

21. Spasm, inflammation, or tenderness;

22. Suspected abnormal pelvic morphology;

23. Post-surgical evaluation;

24. Suspected spinal degeneration/arthritis;

25. Suspected congenital anomaly;

26. Pain upon spinal movement;

27. Any “Red Flag Conditions” covered in previous guidelines.

Note: *Subluxation defined as | of 6 types: segmental subluxation, coupled spinal motions in the resting position, snap-through buckling, Euler buckling, slow-

loading buckling, and segmental instability.>"*"'

healthcare practice despite the reiteration of anti-imaging nar-
ratives from small factions within the profession to not perform
repeat imaging (e.g. ACA,'” Corso et al.*?).

As has been outlined recently, there are abundant high-
quality, randomized clinical trials (RCTs) that have definitively
shown that non-surgical spine rehabilitation procedures can
make significant improvements to the spine and posture in
those suffering from many different spinal subluxation pat-
terns.”?7>19%125 The spinopelvic parameters having the most
accumulated evidence of non-surgical improvements (i.e.
RCTs) include the treatment of forward head posture,'®''?
cervical hypolordosis/kyphosis,''*!!” thoracic hyperkyphosis
(hunchback),'"®'?! lumbar hypolordosis,’*””> and scolio-
sis.!??7'%% As can be seen, clinically significant magnitudes of
corrections/improvements can be achieved in relatively short
durations (e.g. weeks/months).

It must be mentioned that research for musculoskeletal treat-
ments are less developed than other facets of health care
research.'*® Therefore, the science is not complete, and in this
respect, lesser forms of evidence (i.e. case reports/series)
should be viewed as important and considered in guidelines
created for the manual therapies, particularly chiroprac-
tic.'?”'*® When considering the chiropractic and manual ther-
apy literature showing improvements in other spine and pelvis
deformities/subluxation types, there is evidence showing
reduction of anterior whole-spine sagittal balance,'**'*° reduc-
tion of cervical pseudo-scoliosis,'*'"'** reduction of lumbar

pseudo-scoliosis,'**'3* increase in thoracic hypokyphosis

(straight back syndrome),"**'*® reduction of thoracolumbar
kyphosis,'*® increase in lumbar kyphosis (flat back syn-
drome),®” reduction of lumbar hyperlordosis and pelvic tilt,'*’
reduction of cervical spondylolisthesis,'*''** and reduction of
lumbar spondylolisthesis.'*!44

Pressures to restrict the use of “repeat” (i.e. follow-up)
X-rays for assessing patient response to treatment shows a
complete disregard for the evidence discussed that definitively
illustrates how modern spine rehabilitation techniques and
practices successfully re-align the spine and pelvis for a wide
variety of presenting subluxation/deformity patterns. The con-
tinued anti-X-ray sentiment from “consensus” and opinion
within chiropractic needs to stop; it is antithetical to scientific
reality and to the practice of contemporary chiropractic prac-
tice. We reiterate a quote from the late Michael A. Persinger:
“what is happening in recent years is that facts are being
defined by consensus. If a group of people think that something
is correct, therefore it’s true, and that’s contradictory to
science.”'*

Synopsis of Why Low-dose Radiation Is Safe

The ubiquitous underpinnings of X-ray restriction campaigns
and other practice altering agendas discouraging X-ray use is
the prevailing belief in the linear no-threshold (LNT) radiation
carcinogenicity ideology.'*> Regarding radiation exposures
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Table 3. Differing Treatment Scenarios Based on Findings From Repeat X-rays Following Treatment Trials.

Scenario Radiological spinopelvic findings Treatment alteration

l. Improvement of parameters None, continue

2. Correction of parameters to within normal limits Transition to maintenance
3. No change in parameters Reconsider options

4. Worsening of parameters Stop/Reconsider options

from X-rays and the presumed fears of future untoward health
effects, the classic carcinogenicity narrative has been reiterated
loud and clear from a small faction within the chiropractic
literature, ' 7-2%-23-24-52

In a recent “rapid” review concluding no evidence for X-ray
use in chiropractic, Corso et al. state: “A known risk for ioniz-
ing exposure is the increased frequency of cancer beyond that
occurring spontaneously . . . ” and this statement is used to rein-
force their conclusions to not X-ray, “...and given the inher-
ent risks of ionizing radiation...”> In a recent “narrative”
review of X-ray use for chiropractic, Jenkins et al. state:
“Without definitive thresholds of safe levels of radiation expo-
sure, it should be assumed that some level of risk is associated
with the use of X-rays,”*° they go on to endorse the “As Low
As Reasonably Achievable” (ALARA) radiation protection
principle underpinned by LNT to keep exposures minimized.*°
The recent ACA declaration of their participation in Choosing
Wisely, their Points 1 and 2 both mention “exposing the patient
to radiation” as an additional point for making the case to not
X-ray patients.'”

We and many others have recently provided details of why
low-dose radiation exposures (<200 mGy), including those
from X-rays and CT scans are not harmful.'3-16:26-31:36-48 Tpe
issue of ionizing radiation carcinogenicity is the main under-
pinning for all anti-imaging rhetoric. Here we sum up many of
the arguments against LNT and related concepts that refute the
presumptive notion that X-rays cause cancer.

The LNT Model Is Not Valid for Low-Dose Radiation
Exposures

The Lifespan study (LSS) of the Hiroshima and Nagasaki sur-
vivor data is espoused to be the main evidential support for the
LNT model,146 however, the BEIR VII has been heavily criti-
cized for being based on faulty assumptions and analyses.'*’1%°
A recent analysis of the LSS data by Ozasa et al. was pub-
lished in 2012,'°° and, when corrected for a “likely negative
bias” in baseline cancer mortality, the data shows a non-linear
(quadratic) curve that represents a hormetic pattern rather than
the traditional assumed linear (LNT) pattern (Figure 4).'°""1>?
Thus, the persons exposed to the fallout outlived controls.
Further, others have questioned the validity of the LSS data to
support the LNT,'>*! for example, Socol et al. demonstrated
that after performing a Monte-Carlo simulation of possible
LSS outcomes, they determined that the LSS had insufficient
statistical power to support the LNT.'*3

153

On a more fundamental level, recent information has
emerged that shows that the LNT model that was first adopted
back in the 1950s was spawned based on scientific fraud and
misconduct.'**'>® The LNT model was adopted based on Her-
mann J. Muller’s original fruit fly experiments,'®® where very
high X-ray radiation doses were shown to produce transgenera-
tional phenotypic changes; these changes were claimed by
Muller to be gene mutations.'**'%° Significantly, the claimed
gene mutations were only gene deletions and other chromoso-
mal rearrangements; this misinformation misdirected the radia-
tion genetics research field for decades.'>® As it turns out, there
is good evidence suggesting that Muller’s nobel prize winning
research published in Science in 1927 evaded peer review, and
by doing so, he was able to claim primacy for discovering gene
mutation.'®

To this day, the major governmental and international radia-
tion regulatory bodies continue to support the LNT model for
risk assessment despite the exponential increase of evidence
showing its invalidity.'®'"'®® Recent reviews of available evi-
dence, not surprisingly, do not support the use of the LNT for
risk assessment from the low-dose exposure range. Vaiserman
et al., for example, concluded that the “LNT has certainly not
been proven to be true” and suggest that, due to the high eco-
nomic and human costs, the present regulatory burden should
be reduced.'®® Recently, the Society of Nuclear Medicine and
Molecular Imaging convened a task group to examine the
validity of the LNT and its applicability for use in risk assess-
ment and radiation protection. The group concluded “the evi-
dence does not support the use of LNT either for risk
assessment or radiation protection in the low-dose and dose-
rate region.”'®

Unfortunately, based on the dubious history surrounding
the origins of the LNT and the continued loyalty to the LNT
by the major governing bodies despite direct challenges to the
continued endorsement of the LNT by these bodies (e.g. BEIR
VII'*7149) "the LNT has evolved to be more political than
scientific.'®*'%> Many have presented possible alternatives to
the LNT that may be plausible moving forward.'®*'"! Indeed,
as Cardarelli and Ulsh argue, abandoning use of the traditional
LNT model for low dose low-dose rate radiation risk assess-
ment by incorporating updated science into the regulatory
process could be successful to ensure science remains the
underpinning of decision making, to educate the public on the
lack of risks from low-dose radiation exposures, and to
“harmonize government policies with the rest of the radiation
scientific community.”!"*(p1)
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Figure 4. Excess relative risk (ERR) correcting for a 20% bias in
baseline cancer mortality rate for all solid cancers in atomic bomb
survivors from the original data from Ozasa et al.'*® Error bars rep-
resent 95% confidence intervals. Threshold is at about 0.7 Gy
(700 mGy).'*"*?

ALARA Is an Obsolete Radiation Protection Concept

Since the LNT model is not valid for low dose radiation,
any concept borne by it is also invalid and obsolete.?”341
Many have pleaded for the termination of the ALARA
concept and anti-imaging campaigns as used in medical ima-
ging 37A-AITOITLITITS AT ARA and the anti-imaging cam-
paigns that endorse it including Image Gently (pediatrics),'’®
Image Wisely (adults),'”” and Choosing Wisely,'”® leads to no
benefits and ironically may cause more harm (Table 4).>”

Actual real harm (and presumed harm by increased radiation
exposures) by adhering to the ALARA principle include pro-
pagating radiophobia,'” which in turn, increases patient refu-
sal for medically warranted X-rays,'**'®! which in turn,
increases the burden to medical professionals attempting to
deliver high-quality medical care.’” Reduced image quality,
by attempting to reduce radiation to the patient,'®*'® increases
potential missed diagnoses.*'"'’* Other harms include
increased radiation exposures because of retakes (due to using
too little exposure or gonadal shielding covering targeted anat-
omy),>”" 82184185 increased use of alternate imaging methods
that presents other unique risks (e.g. sedation during
MRI),"#%%¢ and perhaps most importantly, increased liability
to physicians.*”

In short, the ALARA concept would only be valuable if
radiological medical imaging were proven to cause future can-
cers. However, this is not the case. In a recent study performing
a quantitative evaluation of the methodological quality of an
originally selected 4,382 studies in order to determine the evi-
dentiary strength either supporting or refuting a causal relation-
ship between low-dose radiation and cancer, it was determined
that the majority of articles(84%) having high-quality methods
found no increased risk of cancers from exposure less than
200 mSv."®” The authors concluded “The evidence suggests

Table 4. Synopsis of How ALARA Causes More Harm Than
Benefit.?’

Reluctance of doctors to prescribe diagnostic X-rays
Constrains practice
Adds malpractice risks
Delayed diagnosis
Missed diagnosis
Alternate imaging has harms
Reluctance of patients to receive X-rays
Shared decision-making leads to X-ray avoidance
Constrains medical management
Adds malpractice risks
Leads to more consultation time
Leads to more testing
Increased radiation exposures by aligning with ALARA
Repeated imaging
Missed diagnosis
Delayed medical procedures
Stifling of low-dose medical research & treatment
Ignoring the body’s innate mechanisms
Ignoring historic evidence of efficacy
Propagation of radiophobia
Circular reasoning for continued ALARA
Never ending radiophobia narrative

that exposure to multiple CT scans and other sources of
low-dose radiation with a cumulative dose up to 100 mSv
(approximately 10 scans), and possibly as high as 200 mSyv
(approximately 20 scans), does not increase cancer risk.”'®’

The Threshold of Carcinogenesis From Radiation
Exposures Is High

As mentioned, when a 20% correction for baseline cancer inci-
dence is accounted for in the Ozasa et al."*° updated analysis of
the LSS, the threshold for cancer incidence shows a value of
700 mSv (Figure 4).'3'!2 Cuttler has reassessed the 1958
UNSCEAR data and found that the threshold for leukemia is
at 1100 mGy (95% CI: 0.5-2.6 Gy), much higher than previ-
ously thought (Figure 5)."*%'%% It was also noted than even in
the persons who developed leukemia, they accounted for only
0.5% of the exposed cohort.'®® As Oakley and Harrison
recently stated: “even considering the lower threshold dose of
700 mGy, this represents about 2 to 3 orders of magnitude
greater than the amount of radiation given from medical
X-rays.”**® Thus, diagnostic X-rays cannot be expected to
cause cancers.

Low-Dose Radiation Upregulates the Adaptive Protection
Systems and Prevents Cancers

Although those that push to restrict routine and repeat X-rays
for spine care quickly dismiss the concept of radiation hormesis
(e.g. Kawchuk et al.?), in our opinion, this reason alone inva-
lidates X-ray fear-mongering from supposed future cancers.
The fact is, and as Cuttler astutely reminds us, that experience
over the last 120 years has shown that low doses of radiation
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Table 5. Body’s Multiple Adaptive Response Mechanisms That Prevent, Repair and Remove Damage Caused From Mostly Endogenous Reactive

Oxygen Species and H,O, From Aerobic Metabolism. 2%

e Overcompensation to a disruption in homeostasis by overshooting homeostatic feedback controls.

e Adaptive responses based on inducible repair processes.

e Enhanced defenses against oxidative stress.

e Activation of transcription factors and upregulation of genes for cytoprotective proteins, growth factors, cytokines, and enzymes
involved in various signaling pathways.

e Interaction of exogenous agents with stimulatory and inhibitory receptor subtypes of endogenous regulatory systems.

e Interactions among cell proliferation, cell-cycle delay, apoptosis, and DNA damage.

e Selective induction of apoptosis in transformed cells and death of cells predisposed to spontaneous transformation.

e Preferential induction of adaptive responses in normal cells relative to cancer cells.

e Enhancement of gap junction intercellular communication at low doses but inhibition at high doses.

e Enhanced immune responses.

Table 6. Human Diseases, Infections, and Conditions Successfully
Treated by Low-Dose Radiotherapy.'?%203-22%

Non-cancerous conditions: Cancers

Alzheimer’s disease Breast

Arthritis Colon

Bronchial asthma Hematological

Bursitis Liver cell

Carbuncles Lung

Cervical adenitis Non-Hodgkin’s lymphoma
Deafness Ovarian

Diabetes Type | Prostate

Diabetes Type Il Uterine

Furuncles

Gas gangrene
Necrotizing fasciitis
Otitis media
Parkinson’s disease
Pemphigus
Pertussis
Pneumonia
Rheumatoid arthritis
Sinus infection
Tendonitis
Ulcerative colitis

stimulate the innate protection systems, including the immune
system, and these processes involve more than 150 genes.'”°

Exposures to low-dose radiation incites multiple and multi-
hierarchical biopositive mechanisms that prevent, repair or
remove damage caused mostly by endogenous reactive oxygen
species (ROS) and H202 from aerobic metabolism.'?'"'%?
Indeed, non-radiogenic (i.e. naturally occurring) molecular
damage occurs daily at rates many orders of magnitude greater
than the rate of damage caused by low-dose radiation such as
diagnostic X-rays.'**'°® It is estimated that the endogenous
genetic damage caused on a daily basis from simply breathing
air is about one million times the damage initially resulting
from an X-ray.'> We concur that “it is factually preposterous
to have radiophobic cancer concerns from medical X-rays
after considering the daily burden of endogenous DNA
damage.”'3®7)
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Figure 5. 1958 UNSCEAR data indicates a threshold of about I.I Gy
(1100 mGy; assuming RBE = |) for radiogenic leukemia in 95,819
persons exposed to A-bomb radiation from Hiroshima.'®

Many have presented overviews of the physiological
mechanisms that lead to hormetic effects (Figure 6)'°72%* and
these redundant and efficient processes include DNA repair
systems, programed cell death, cell cycle delay, cellular senes-
cence, adaptive memory, bystander effects (exposed cells com-
municate to non-exposed cells), epigenetics, immune
stimulation and tumor suppression (Table 5). The irony is that
the stimulation and upregulation of innate protection mechan-
isms and immune status is what accounts for the curative
effects from low-dose irradiation therapies for the treatment
of many human ills including inflammatory and neurodegen-
erative conditions, infections and cancers (Table 6).'%2%-22

Historically, it is important to mention that many human
diseases were treated by X-rays, so-called “radiotherapy.”
Unfortunately, despite radiotherapy showing a 75%-90% effi-
cacy rate,””? the treatment fell out of favor due to the evolution
of antibiotics and also from fears of radiation following the
atomic bomb droppings during WWII. Radiotherapy was docu-
mented to successfully treat arthritis,”** bronchial asthma,?*>
carburlcles,206 cervical adenitis,207 de:afness,207 furuncles,206
gas gangrene,”’® necrotizing fasciitis,>*® otitis media,**” per-
tussis,>'° pneumonia,211 sinus infection,>'? and tendonitis/bur-
sitis.?!® These human ailments were treated using typical
radiation doses ranging from 30 to 100 roentgen (~0.3-1.0
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Figure 6. The adaptive response systems very efficiently prevent, repair or remove virtually all DNA alterations.'

mGy) which are fairly high doses, yet there are no reports of ill
health effects from these treatments.

Many different cancers have also been successfully treated
using radiotherapy.?'*??° The typical patient dosing involves
exposing the patient to 1.5 Gy over 5-weeks.”'*?!7 It is also
noteworthy that radiotherapy (whether given by X-rays or
radon) has been making a resurgence in the literature; recent
case reports have documented the successful treatment of can-
cers (e.g. prostate, colon, uterine, lung, and liver cell), ulcera-
tive colitis, rheumatoid arthritis, pemphigus, diabetes types I
and 11, Alzheimer’s disease and Parkinson’s disease.??!"2%°

The Total Collective Effective Dose (TCD) Concept
Is Invalid for Low-Dose Radiation

LNT ideology assumes all radiation is cumulative, that an
increase in one’s total collective effective dose (TCD) equates
to a linear increase in harm. Thus, dose is used as a surrogate
for risk.??® As just discussed, however, low-dose radiation
exposures upregulate the innate adaptive response systems,
which result in a net zero or less genetic damage (i.e. via
over-repair) than was present prior to the initial exposure. This
was proven to occur by Lobrich et al. who determined that
DNA double-strand breaks (DSBs) occur in human lympho-
cytes after CT scans; however, these DSBs were repaired
between 5 and 24 hours after the scan.”?’” Most importantly,
the endogenous repair mechanisms repaired more than the
damage that had initially occurred from the initial scan. Indeed,
the final DSB count was less than prior to the scan.

This illustrates how the simple mathematical addition of
low-dose exposures to increasing TCDs is theoretical risk and
not reflective of reality. A case example is for an adolescent

96

idiopathic scoliosis (AIS) patient, where repeat imaging is nec-
essary during the treatment and monitoring of his/her condi-
tion. If we assume the dose threshold for leukemia is 1100 mGy
as reported by Cuttler,' it has been stated: “Since the body’s
adaptive response will repair damage done at each X-ray event,
X-ray exposures of about 1 to 3 mGy will always remain at a
level that is 367 to 1100 times below the carcinogenic dose
threshold.”*’

It should be noted that even if the LNT were valid, “the
calculation of the number of cancer deaths based on collective
effective doses from trivial individual doses should be
avoided.”*?®

Risk remains a population-based metric; therefore, its
assignment to the individual should never be interpreted deter-
ministically.>*° This is because individual effective dose
effects have uncertainty, up to plus or minus 40% due to age,
gender, mass, etc.”***! Mitchel argues that the assumption of
dose additivity is not supported by the literature and states: “at
the low doses and dose rates typical of public and occupational
exposures, the radiation protection principle of dose additivity,
and the concept that risk can only increase as dose increases are
not justified. In general, the use of dose as a surrogate for risk
needs re-evaluation.”*?°®**”) The TCD concept is flawed and
not valid as a model for assessing cancer risk from low-dose
exposures, 26232

Aged Cohort Studies Purveying Radiogenic Cancers From
Prior Exposures Are Not Generalizable
LNT advocates quickly cite studies that show patient cohorts

exposed to radiation during childhood (e.g. CT scans) have also
been shown to have increased cancers in adulthood (e.g. Pearce
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et al.,*> Mathews et al.,”** Hong et al.*®). Although on the
surface it may seem plausible, this correlation could be causal.
The aphorism “correlation is not causation” applies. In fact, the
critical flaw to these types of studies is that healthy children do
not usually receive CT scans. Therefore, these studies suffer
from “reverse causation,” or that the reason for the CT scan in
the first place was due to underlying diseases that predisposes
one to develop cancer, or actual suspicions of malignancy
itself 236:237

Indeed, Journey et al. proved reverse causation after first
finding a statistical correlation of increased cancers in a cohort
of adults who were CT imaged in youth. When controlling for
the reasons for the scans, no statistical correlation prevailed.?®
Shibata et al. also determined that of 763 children receiving
CT scans, 32% had congenital anomalies.>*® Since the normal
incidence of congenital anomalies is only about 2.5%, they
concluded “the population of children undergoing CT is com-
pletely different from that not undergoing CT. The 2 groups
should not be compared.”*** Thus, the oft cited and heavily
amplified carcinogenic fears of future cancers from medical
imaging is not supported.

Conclusions

Routine and repeat X-rays in the nonsurgical treatment of
patients with spine disorders is an evidence-based clinical prac-
tice that is warranted by those that practice spine-altering meth-
ods. The evidence supporting such practices is based on
definitive evidence supporting the rationale to assess a patient’s
spinopelvic parameters for biomechanical diagnosis, to screen
for relative and absolute contraindications for specific spine
care methods, and to re-assess the spine and postural response
to treatment.

The traditional and underlying presumption of the carcino-
genicity from X-rays is not a valid notion because the LNT is
not valid for low-dose exposures. The ALARA radiation pro-
tection principle is obsolete, the threshold for harm is high,
low-dose exposures prevent cancers by stimulating and upre-
gulating the body’s innate adaptive protection mechanisms, the
TCD concept in invalid, and aged cohort studies assumed to
show cancers resulting from previous X-rays are not general-
izable to the wider population because they represent popula-
tions predisposed to cancers.

Red flags, or suspected serious underlying disease is a valid
consideration warranting screening imaging by all spine care
providers. We contend, however, that as long as the treating
physician or rehabilitation therapist is practicing evidence-
based methods, proven to improve spine and postural para-
meters in order to provide relief for the myriad of spinal
disorders, spinal X-rays are unequivocally justified. Non-
surgical spine care guidelines need to account for proven and
evolving non-surgical methods that are radiographically
guided, patient-centered, and competently practiced by those
specialty trained in such methods. This is over and above so-
called “red flag only” guidelines. The efforts to universally

dissuade chiropractors from routine and repeat X-ray imaging
is neither scientifically justified nor ethical.
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