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Repeat Radiography in Monitoring
Structural Changes in the Treatment
of Spinal Disorders in Chiropractic
and Manual Medicine Practice:
Evidence and Safety

Paul A. Oakley1 , Niousha Navid Ehsani1, and Deed E. Harrison2

Abstract
There is substantial evidence for normal relationships between spine and postural parameters, as measured from radiographs of
standing patients. Sagittal balance, cervical lordosis, thoracic kyphosis, lumbar lordosis, pelvic tilt, and the more complex
understanding of the interrelations between these essential components of normal stance have evolved to where there are
known, established thresholds for normalcy. These spinal parameters are reliably measured from X-ray images and serve as goals
of care in the treatment of spine and postural disorders. Initial and follow-up spinal imaging by X-ray is thus crucial for the practice
of contemporary and evidence-based structural rehabilitation. Recent studies have demonstrated that improvement in the spine
and posture by nonsurgical methods offers superior long-term patient outcomes versus conventional methods that only tem-
porarily treat pain/dysfunction. Low-dose radiation from repeated X-ray imaging in treating subluxated patients is substantially
below the known threshold for harm and is within background radiation exposures. Since alternative imaging methods are not
clinically practical at this time, plain radiography remains the standard for spinal imaging. It is safe when used in a repeated fashion
for quantifying pre–post spine and postural subluxation and deformity patterns in the practice of structural correction methods by
chiropractic and other manual medicine practices.
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Normal Spine Alignment as a Desirable
Treatment Outcome

A normal spine alignment and sagittal balance is critical for

optimal biomechanical function.1-12 Although some have ques-

tioned an ideal spine configuration,13 these views are anti-

quated and unscientific.12 A plethora of biomechanical

literature substantiates that an optimal spine configuration is

critical for normal activities of daily living, optimal sport per-

formance, optimal lifting, and injury prevention and is associ-

ated with a higher quality of life.14-20

An ideal biomechanical alignment is also apparent from

evolutionary considerations (lumbar lordosis essential for bipe-

dal gait21), anatomical considerations (ie, the backward wed-

ging of the discs create the cervical and lumbar lordosis9; the

forward wedging of the vertebra create the thoracic and sacral

kyphosis9; the orientation of the facet joints9 and sagittal spine

alignment determines spinal coupling patterns22,23; the essenti-

ality of sagittal balance4,24,25), the biomechanical considera-

tions of spine load-bearing capabilities,9,26,27 and injury

mechanisms.9,26-30 For these reasons, an ideal spine alignment

is the outcome goal for those who treat and correct spine defor-

mity (subluxation), including specifically spine surgeons, as
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well as specialty-trained chiropractors and physiotherapists

(Figures 1 and 2).31-36

Posture and Spine Subluxation as the
Source of Pathology

While normal spine morphology is essential for normal func-

tion, abnormal alignment referred to as spine deformity (surgi-

cal literature) or subluxation (chiropractic) results in

compensation/adaptation and, over time, dysfunction and

named pathology. In the transition from normal alignment to

abnormal alignment, critical thresholds of essential spinal para-

meters get surpassed by either acute traumatic spinal injury

events (ie, motor vehicle collision, lifting injury, fall, etc) or

chronic repetitive or sustained strain injuries (ie, habitual sit-

ting, habitual bending, habitual slouching, etc). In this process,

it is the devolution of the spine from working physiologically to

pathologically.

There are 6 main types of spinal subluxation patterns and

each type has deleterious effects on the related spinal tissues.37

For example, thoracic hyperkyphosis (posterior translation of

thorax over pelvis) is associated with diverse symptoms and

early death.38-44 Scoliosis (slow-loading buckling) is also asso-

ciated with various symptoms including back pains, osteoar-

thritis, and also early demise.45,46 Lumbar spine

spondylolisthesis (ligament instability featuring a single

vertebra shifting/sliding beyond normal limits) is a definitive

source of back pain and sciatica often warranting surgery.47

Lumbar spine hypolordosis is a definitive source of back

pain.48,49 Atlantoaxial rotatory fixation (segmental subluxa-

tion) is associated with upper neck and/or neurological symp-

toms.50,51 Cervical kyphosis (snap-through forward buckling

of neck) is associated with craniocervical and neurological

symptoms.32-34

It is pointed out that any postural subluxation pattern will

change the biomechanical loading onto the spine9,26,27,52,53

such that Wolff’s Law will dictate a remodeling of the archi-

tecture of the bone over time.54-56 Thus, the long-term conse-

quences of spinal deformity or subluxation is spinal

osteoarthritis and degenerative disc disease.57-65 Further, it is

a logical premise that if posture deteriorates over time, then the

earliest recognition should warrant consideration for its correc-

tion. This would change the otherwise untoward trajectory of

postural deterioration coupled with the degenerative spine tis-

sue cascade, which would evolve over several years.

The Correction of Spine and Posture
in Chiropractic and Manual Medicine

There have been several chiropractic and manual physiother-

apeutic methods that have achieved the status of having posi-

tive randomized clinical controlled trials (RCT) evidence

Figure 1. Left: The Harrison normal spine model as the path of the posterior longitudinal ligament. Right: Harrison posterior tangent method
used to quantify subluxation patterns (Courtesy Chiropractic BioPhysics® (CBP®) seminars).35

2 Dose-Response: An International Journal



showing that definitive spine and posture structural improve-

ments can be made for various subluxation patterns. Rando-

mized clinical controlled trial evidence shows efficacy for

nonsurgical methods to reduce scoliosis curves,66-68 reduce

thoracic hyperkyphosis,17,69,70 reduce anterior head transla-

tion,71-78 increase cervical lordosis,71-78 and increase lumbar

lordosis.79-81 Further, these postural improvements have

been shown to correlate with improvements in various

patient outcomes, including pain, disability, quality of life,

range of motion, and specific physiological measures

including improved neurological central conduction times,

which is a measure of the ability of the brain to commu-

nicate with the body.

Several recent RCTs have shown that physiotherapy

scoliosis-specific exercise (PSSE) programs lead to larger

reductions in spinal curve measures versus generalized (non-

specific) exercise programs in the treatment of adolescent idio-

pathic scoliosis.66-68 Since scoliosis of the spine may present in

several different patterns, radiographic assessment is critical to

prescribe curve-specific corrective exercise programs such as

the popular “Schroth method” that has proven to reduce spine

curvature. Comparison control groups receiving generic phy-

siotherapy exercises, not specific to the patient’s presenting

curve pattern, do show patient improvements, albeit signifi-

cantly less than PSSE groups.

The reduction in thoracic hyperkyphosis has also been docu-

mented in several RCTs.17,69,70 Radiographic assessment is

critical to determine whether there are thoracic vertebral com-

pression fractures which will limit the correction potential.

Although the first 2 RCTs69,70 demonstrate a modest correction

(*3� Cobb angle), a recent trial17 has shown that more inten-

sive corrective procedures (Schroth methods for hyperkypho-

sis) are superior (*9� Cobb angle) to antigravity exercises.

Either are superior to no correction from conventional phy-

siotherapy methods.

Importantly, there seems to be an emerging trend in the

literature. Methods shown to provide structural correction to

the spine and posture for various spinal ailments are proving to

provide long-term relief versus “cookie-cutter” treatments that

help with temporary pain relief only. In several RCTs,71-81 the

Moustafa group has demonstrated that only short-term relief is

experienced by patients receiving traditional physiotherapy

treatments for various craniocervical and lumbosacral disor-

ders, where the trend for regression of symptoms occurs after

the cessation of treatment (Figures 3 and 4). Alternatively, in

Figure 2. Sagittal full-spine radiographs demonstrating a before and
after of a geriatric patient (red line) treated by Chiropractic BioPhysics
protocol resulting in dramatic spine and posture improvements
toward the ideal spinal configuration that represents the Harrison
full-spine normal model (green line) (Image courtesy of Dr J. Haas,
Windsor, Colorado).
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the experimental treatment arms of these trials, patients receiv-

ing the same treatment plus spine correcting methods—

Chiropractic BioPhysics extension traction to improve the

natural lordotic spine alignment for the cervical (Figure 3) or

lumbar spinal (Figure 4) areas—show lasting relief of symp-

toms persisting well beyond the cessation of treatment (3 months

to 2 years).71-81 These trials also show similar trends in many of

the measured neurophysiologic parameters including pain inten-

sity, disability, quality of life, dizziness, headache index, head

repositioning accuracy, central somatosensory conduction time,

H-reflex, and flexion–extension kinematics.

Due to the recent and expanding evidence base for nonsur-

gical structural spine and posture correction methods, these

protocols are expected to gain traction and become more pop-

ular. These contemporary methods should prove to help

humanity by reducing the need for risky surgical procedures

that are often associated with adverse events including major

complications, hospital readmissions, and unplanned

reoperations.82

Safety of Low-Dose Radiation From
Repeated Radiographs

Despite the traditional notion of the risk of radiogenic cancers

associated with medical X-rays, the lack of harm from (low-

dose) computed tomography scans and radiography has been

thoroughly discussed in several recent articles.83-89 It has been

argued that the linear no-threshold (LNT) assumption for asses-

sing radiation risk for low-dose exposures is erroneous as the

most recent atomic bomb lifespan study data90 show a better fit

to a hormetic dose–response model.91-93

Despite the fact that the main data underpinning the LNT

concept have now been shown to better support the hormesis

model (nonlinearity), there continues to be an acknowledged

discount by those who downplay the concept of hormesis in

defense of LNT ideology. Specifically, in discouraging the

routine use of X-rays in clinical practice, for example, Kaw-

chuk et al state: “While knowledge in topics such as radiation

exposure modeling and radiation hormesis continually evolve,

there are no large-scale studies that would justify the applica-

tion of this principle in clinical practice today. To suggest

otherwise at this time is professionally irresponsible.”94 Ironi-

cally, the use of radiation hormesis (“radiotherapy”) in the

treatment of human ills is not a new concept but has great

historical evidence and documentation.

Throughout the early 20th century, many human diseases

were treated by X-rays. This includes arthritis,95 bronchial

asthma,96 carbuncles,97 cervical adenitis,98 deafness,98 furun-

cles,97 gas gangrene,99 necrotizing fasciitis,100 otitis media,98

pertussis,101 pneumonia,102 sinus infection,103 and tendonitis/

bursitis.104 In a recent summary of radiotherapy treatment by

X-rays,105 it was determined that success rates typically ranged

from 75% to 90% from exposures that typically ranged from 30

to 100 roentgen (263-877 mSv). It was also noted that often the

symptoms would be mitigated after only a single treatment and

would occur within 24 hours; the treatment effect would even

last for months to years.105 Radiotherapy was a very effective

treatment but lost popularity due to the emergence of pharma-

ceuticals and the fears from radiation following the atomic

bombings during WWII. It should be noted that radiotherapy

(whether given by X-rays or radon) is quietly making a resur-

gence in the literature; recent cases have documented success-

ful treatment for those suffering from cancers (prostate, colon,

uterine, lung, and liver cell), ulcerative colitis, rheumatoid

arthritis, pemphigus, diabetes types I and II, Alzheimer disease,

and Parkinson disease.106-110

It should be noted that there were no studies found docu-

menting increased cancers from those treated for various health

ailments from radiotherapy treatment. There are studies, how-

ever, that demonstrate that doses in the range of what was

experienced by radiotherapy patients show less cancer rates.

For example, in reanalyzing the Canadian breast fluoroscopy

study data,111 Cuttler and Pollycove showed that females

treated for tuberculosis to up to 300 mGy had one-third less

breast cancer incidence.112 Further, Tubiana et al113 deter-

mined the cancer incidence for secondary malignant neoplasms

in those who have been treated by high-dose radiation for can-

cers in childhood. The findings indicated that those who

received doses up to 0.5 Gy (500 mGy) had less cancers than

expected.113 The question is how can those receiving doses

(much higher than X-rays) experience health improvements if

LNT modeling tells us that radiation exposures are cumulative

and harmful?

The answer is that it has been shown that the collective dose

concept that is consistent with the prevailing LNT ideology for

risk assessment is not valid for low-dose exposures since the

body’s adaptive response mechanisms lead to repair of any

damage caused.114 In fact, there are numerous and redundant

tissue-inherent protective mechanisms that prevent, repair, or

Table 1. Body’s Multiple Adaptive Response Mechanisms That Pre-
vent, Repair, and Remove Damage Caused From Mostly Endogenous
Reactive Oxygen Species and H2O2 From Aerobic Metabolism.118

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

� Adaptive responses based on inducible repair processes.
� Enhanced defenses against oxidative stress.
� Activation of transcription factors and upregulation of genes

for cytoprotective proteins, growth factors, cytokines, and
enzymes involved in various signaling pathways.

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

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

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

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

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

� Enhanced immune responses.
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remove damage (Table 1).115-118 Ironically, the most damage

induced on a daily basis is metabolically produced reactive

oxygen species (ROS) and H2O2 from aerobic respiration, and

this damage is many orders of magnitude larger than any

induced from low-dose radiation exposures.115-117 Due to this

fact, X-rays are rendered negligible.89

As recently discussed by Oakley et al, the only consideration

about repeated radiographs given to spine patients is the radia-

tion dose they receive during each radiograph, not the sum of

all the X-ray doses that they received during other radiographic

sessions, taken weeks or months apart.119 The radiation expo-

sure a patient would receive could range from 0.25 mGy for a

single posterior–anterior image to 3 mGy for a full-spine radio-

graphic examination.88 A 3 mGy dose is several times lower

than the 1100 mGy (95% confidence interval, 500-2600 mGy)

dose threshold of radiation-induced leukemia,120 the first can-

cer expected from a high-dose exposure (Figure 5). Therefore,

it is very unlikely that X-ray images of the spine taken in a

serial fashion over several months or years, as currently per-

formed in the treatment of patients with spinal subluxation,

would ever contribute to the induction of future malignancies.

Conclusions

The treatment goal of achieving an improved spine alignment,

as has been practiced by spine surgeons for many decades, is

also an evidence-based practice by chiropractors, physiothera-

pists, and other manual medicine providers who specialize in

modern methods of spine and posture rehabilitation. This is

because the cause of spinal pain, dysfunction, and disability

often lies in the failure of the body’s attempt to compensate for

a discordance within biomechanical relationships of the spe-

cific spinal regions and pelvis. Various advances in nonsurgical

methods have evolved showing spine and posture corrections

that lead to simultaneous pain, dysfunction, quality of life, and

physiological and biomechanical improvements. These meth-

ods are also displaying the trend that improving posture and

spine alignment lead to better long-term outcomes versus tra-

ditional or conventional treatments that do not improve spine

alignment. Lastly, the essential reliance on repeat radiographs

to monitor treatment effect over time is a safe and evidence-

based practice.

Acknowledgments

The authors thank Jerry M. Cuttler for critical review of an earlier

version of the manuscript as well as for the image used in Figure 5.

The authors also thank Dr Jason Haas for the image used in Figure 2.

Declaration of Conflicting Interests

The author(s) declared the following potential conflicts of interest

with respect to the research, authorship, and/or publication of this

article: P.A.O. is a paid research consultant for CBP NonProfit, Inc.

D.E.H. teaches spine rehabilitation methods and sells products to phy-

sicians for patient care that require radiography for biomechanical

analysis.

Funding

The author(s) disclosed receipt of the following financial support for

the research, authorship, and/or publication of this article: This work

was supported by funds from CBP NonProfit, Inc.

ORCID iD

Paul A. Oakley https://orcid.org/0000-0002-3117-7330

References

1. Shah AA, Lemans JV, Zavatsky J. Spinal balance/alignment—

clinical relevance and biomechanics [published online ahead of

print]. J Biomech Eng. 2019. doi:10.1115/1.4043650.

2. Ling FP, Chevillotte T, Leglise A, Thompson W, Bouthors C, Le

Huec JC. Which parameters are relevant in sagittal balance anal-

ysis of the cervical spine? A literature review. Eur Spine J. 2018;

27(suppl 1):8-15.

3. Le Huec JC, Aunoble S, Philippe L, Nicolas P. Pelvic parameters:

origin and significance. Eur Spine J. 2011;20(suppl 5):564-571.

4. Le Huec JC, Saddiki R, Franke J, Rigal J, Aunoble S. Equilibrium

of the human body and the gravity line: the basics. Eur Spine J.

2011;20(suppl 5):558-563.

5. Vaz G, Roussouly P, Berthonnaud E, Dimnet J. Sagittal morphol-

ogy and equilibrium of pelvis and spine. Eur Spine J. 2002;11(1):

80-87.

6. Vialle R, Levassor N, Rillardon L, Templier A, Skalli W, Guigui

P. Radiographic analysis of the sagittal alignment and balance of

the spine in asymptomatic subjects. J Bone Joint Surg Am. 2005;

87(2):260-267.

7. Mehta VA, Amin A, Omeis I, Gokaslan ZL, Gottfried ON. Impli-

cations of spinopelvic alignment for the spine surgeon. Neurosur-

gery. 2015;76(suppl 1):S42-S56.

8. Patwardhan AG, Khayatzadeh S, Havey RM, et al. Cervical sagit-

tal balance: a biomechanical perspective can help clinical prac-

tice. Eur Spine J. 2018;27(suppl 1):25-38.

9. Roussouly P, Pinheiro-Franco JL. Biomechanical analysis of

the spino-pelvic organization and adaptation in pathology.

Eur Spine J. 2011;20(suppl 5):609-618.

Figure 5. Leukemia incidence versus absorbed radiation dose for 95
819 Hiroshima atomic bomb survivors, indicating a threshold of about
1100 mGy for radiation-induced leukemia.120

Oakley et al 5

https://orcid.org/0000-0002-3117-7330
https://orcid.org/0000-0002-3117-7330
https://orcid.org/0000-0002-3117-7330


10. Barrey C, Jund J, Noseda O, Roussouly P.Sagittal balance of the

pelvis-spine complex and lumbar degenerative diseases. A com-

parative study about 85 cases. Eur Spine J. 2007;16(9):

1459-1467.

11. Labelle H, Roussouly P, Berthonnaud E, Dimnet J, O’Brien M.

The importance of spino-pelvic balance in L5-s1 developmental

spondylolisthesis: a review of pertinent radiologic measurements.

Spine. 2005;30(6 suppl):S27-S34.

12. Harrison DE, Harrison DD, Troyanovich SJ, Harmon S. A normal

spinal position: it’s time to accept the evidence. J Manipulative

Physiol Ther. 2000;23(9):623-644.

13. Haas M, Taylor JA, Gillette RG. The routine use of radiographic

spinal displacement analysis: a dissent. J Manipulative Physiol

Ther. 1999;22(4):254-259.

14. Protopsaltis TS, Lafage R, Smith JS, et al. The lumbar pelvic

angle, the lumbar component of the T1 pelvic angle, correlates

With HRQOL, PI-LL mismatch, and it predicts global alignment.

Spine. 2018;43(10):681-687.

15. Banno T, Togawa D, Arima H, et al. The cohort study for the

determination of reference values for spinopelvic parameters (T1

pelvic angle and global tilt) in elderly volunteers. Eur Spine J.

2016;25(11):3687-3693.

16. Hasegawa K, Okamoto M, Hatsushikano S, Shimoda H, Ono M,

Watanabe K. Normative values of spino-pelvic sagittal alignment,

balance, age, and health-related quality of life in a cohort of

healthy adult subjects. Eur Spine J. 2016;25(11):3675-3686.

17. Bezalel T, Carmeli E, Levi D, Kalichman L. The effect of Schroth

therapy on thoracic kyphotic curve and quality of life in Scheuer-

mann’s patients: a randomized controlled trial. Asian Spine J.

2019;13(3):490-499.

18. Lafage R, Challier V, Liabaud B, et al. Natural head posture in the

setting of sagittal spinal deformity: validation of chin-brow ver-

tical angle, slope of line of sight, and Mcgregor’s slope with

health-related quality of life. Neurosurgery. 2016;79(1):108-115.
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82. Pellisé F, Serra-Burriel M, Smith JS, et al. Development and

validation of risk stratification models for adult spinal deformity

surgery [published online ahead of print June 28, 2018]. J Neu-

rosurg Spine. 2019:1-13. doi:10.3171/2019.3.SPINE181452.

83. Siegel JA, Sacks B. Eliminating use of the linear no-threshold

assumption in medical imaging. J Nucl Med. 2017;58(6):

1014-1015.

84. Siegel JA, Pennington CW, Sacks B. Subjecting radiologic ima-

ging to the linear no-threshold hypothesis: a non sequitur of non-

trivial proportion. J Nucl Med. 2017;58(1):1-6.

85. Sacks B, Meyerson G, Siegel JA. Epidemiology without biology:

false paradigms, unfounded assumptions, and specious statistics

in radiation science. Biol Theory. 2016;11(3):69-101.

86. Siegel JA, McCollough CH, Orton CG. Advocating for use of the

ALARA principle in the context of medical imaging fails to

recognize that the risk is hypothetical and so serves to reinforce

patients’ fears of radiation. Med Phys. 2017;44(1):3-6.

87. Siegel JA, Sacks B, Pennington CW, et al. Dose optimization to

minimize radiation risk for children undergoing CT and nuclear

medicine imaging is misguided and detrimental. J Nucl Med.

2017;58(6):865-868.

88. Oakley PA, Cuttler JM, Harrison DE. X-ray imaging is essential

for contemporary chiropractic and manual therapy spinal reha-

bilitation: radiography increases benefits and reduces risks. Dose

Response. 2018;16(2):1-7.

89. Oakley PA, Harrison DE. Radiophobia: 7 reasons why radio-

graphy used in spine and posture rehabilitation should not be

feared or avoided. Dose Response. 2018;16(2):1-10.

90. Ozasa K, Shimizu Y, Suyama A, et al. Studies of the mortality of

atomic bomb survivors, report 14, 1950-2003: an overview of

cancer and noncancer diseases. Radiat Res. 2012;177(3):

229-243.

91. Andronikou S. Letting go of what we believe about radiation and

the risk of cancer in children. Pediatr Radiol. 2017;47(1):

113-115.

92. Doss M. Should the ALARA Concept and the Image Gently

campaign be terminated? Paper Presented at: the International

Pediatric Radiology, Chicago, IL. May 17, 2016. https://www.sli

deshare.net/MohanDoss6/should-the-alara-concept-and-the-ima

ge-gently-campaign-be-terminated. Accessed June 21, 2019.

93. Doss M. Future of radiation protection regulations. Health Phys.

2016;110(3):274-275.

94. Kawchuk G, Goertz C, Axén I, et al. X-ray imaging is essential

for contemporary chiropractic and manual therapy spinal reha-

bilitation: radiography increases benefits and reduces risks. Dose

Response. 2018;16(2):1559325818811521.

95. Kuhns JG, Morrison SL. Twelve years’ experience in roentgen-

otherapy for chronic arthritis. N Engl J Med. 1946;235:399-405.

96. Calabrese EJ, Dhawan G, Kapoor R. The use of X rays in the

treatment of bronchial asthma: a historical assessment. Radiat

Res. 2015;184(2):180-192.

97. Calabrese EJ. X-ray treatment of carbuncles and furuncles

(boils): a historical assessment. Hum Exp Toxicol. 2013;32(8):

817-827.

98. Calabrese EJ, Dhawan G. Historical use of x-rays: treatment of

inner ear infections and prevention of deafness. Hum Exp Tox-

icol. 2014;33(5):542-553.

99. Calabrese EJ, Dhawan G. The role of x-rays in the treatment of

gas gangrene: a historical assessment. Dose Response. 2012;

10(4):626-643.

100. Dhawan G, Kapoor R, Dhamija A, Singh R, Monga B, Calabrese

EJ. Necrotizing fasciitis: low-dose radiotherapy as a potential

adjunct treatment. Dose Response. 2019;17(3):155932581

9871757.

101. Calabrese EJ, Dhawan G, Kapoor R. Radiotherapy for pertussis:

an historical assessment. Dose Response. 2017;15(2):1559325

817704760.

102. Calabrese EJ, Dhawan G. How radiotherapy was historically

used to treat pneumonia: could it be useful today? Yale J Biol

Med. 2013;86(4):555-570.

103. Calabrese EJ, Dhawan G. The historical use of radiotherapy in

the treatment of sinus infections. Dose Response. 2013;11:

469-479.

8 Dose-Response: An International Journal

https://www.slideshare.net/MohanDoss6/should-the-alara-concept-and-the-image-gently-campaign-be-terminated
https://www.slideshare.net/MohanDoss6/should-the-alara-concept-and-the-image-gently-campaign-be-terminated
https://www.slideshare.net/MohanDoss6/should-the-alara-concept-and-the-image-gently-campaign-be-terminated


104. Calabrese EJ, Dhawan G, Kapoor R. Use of X-rays to treat

shoulder tendonitis/bursitis: a historical assessment. Arch Tox-

icol. 2014;88(8):1503-1517.

105. Calabrese EJ, Dhawan G, Kapoor R, Kozumbo WJ. Radiother-

apy treatment of human inflammatory diseases and conditions:

optimal dose. Hum Exp Toxicol. 2019;38(8):888-898.

106. Kojima S, Tsukimoto M, Shimura N, Koga H, Murata A, Takara

T.Treatment of cancer and inflammation with low-dose ionizing

radiation: three case reports. Dose Response. 2017;15(1):

1559325817697531.

107. Kojima S, Thukimoto M, Cuttler JM, et al. Recovery from rheu-

matoid arthritis following 15 months of therapy with low doses

of ionizing radiation: a case report. Dose Response. 2018;16(3):

1559325818784719.

108. Kojima S, Cuttler JM, Shimura N, Koga H, Murata A, Kawa-

shima A. Radon therapy for autoimmune diseases pemphigus

and diabetes: 2 case reports. Dose Response. 2019;17(2):

1559325819850984.

109. Kojima S, Cuttler JM, Inoguchi K, et al. Radon therapy is very

promising as a primary or an adjuvant treatment for different

types of cancers: 4 case reports. Dose Response. 2019;17(2):

1559325819853163.

110. Cuttler JM, Moore ER, Hosfeld VD, Nadolski DL. Second

update on a patient with Alzheimer disease treated by CT scans.

Dose Response. 2018;16(1):1559325818756461.

111. Miller AB, Howe GR, Sherman GJ, et al. Mortality from breast

cancer after irradiation during fluoroscopic examinations in

patients being treated for tuberculosis. N Engl J Med. 1989;

321(19):1285-1289.

112. Cuttler JM, Pollycove M. Can cancer be treated with low doses

of radiation? J Physicians Surg. 2003;8(4):108-111.

113. Tubiana M, Diallo I, Chavaudra J, et al. A new method of asses-

sing the dose-carcinogenic effect relationship in patients

exposed to ionizing radiation. A concise presentation of prelim-

inary data. Health Phys. 2011;100(3):296-299.

114. Mitchel REJ. Cancer and low dose responses in vivo: implications

for radiation protection. Dose Response. 2007;5(4):284-291.

115. Pollycove M, Feinendegen LE. Radiation-induced versus endo-

genous DNA damage: possible effect of inducible protective

responses in mitigating endogenous damage. Human Exp Tox-

icol. 2003;22(6):290-306.

116. Feinendegen LE, Pollycove M, Neumann RD. Hormesis by low

dose radiation effects: low-dose cancer risk modeling must recog-

nize up-regulation of protection. In: Baum RP, ed. Therapeutic

Nuclear Medicine. Berlin, Heidelberg: Springer; 2012:789-805.

117. Feinendegen LE, Cuttler JM. Biological effects from low doses

and low dose rates of ionizing radiation: science in the service of

protecting humans, a Synopsis. Health Phys. 2018;114(6):

623-626.

118. Hoffmann GR. A perspective on the scientific, philosophical,

and policy dimensions of hormesis. Dose Response. 2009;7:

1-51.

119. Oakley PA, Navid Ehsani N, Harrison DE. The scoliosis quand-

ary: are radiation exposures from repeated x-rays harmful? Dose

Response. 2019;17:1559325819852810.

120. Cuttler JM. Evidence of dose threshold for radiation-induced

leukemia: absorbed dose and uncertainty. Dose Response.

2019;17:1559325818820973.

Oakley et al 9



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


