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1. Abstract

1.1. Aim:to evaluate the effect of Hyperbaric Oxygen Therapy (HBOT) on clinical status and cere-

bral perfusion in patients with fibromyalgia.

Published Date: 09 Dec 2019 1.2. Methods: 57 patients with diagnosis of FMS were treated with 6-weeks HBOT. For each pa-

tients we evaluated algometric total scores (ATS) on TPs, intensity of pain by Visual Analog Scale

2. Keywords
Fibromyalgia; SPECT-TC;
HMPAO; Cerebral blood
flow; Hyperbaric oxygen

for pain (P-VAS) and quality of life by Visual Analog Scale for quality of Life (QoL) at baseline, af-
ter 18 treatments and at the end of therapy. Brain SPECT with HMPAO was performed at baseline
and even after 6-8 weeks after the end of HBOT. Volumetric regions of interest (VOIs) have been

placed on the images.
therapy
1.3. Results: We found a statistically significant difference both ATS, P-VAS and QoL between

baseline evaluation and after 18 treatments (p< 0,01), baseline and end of therapy evaluation (p<
0,01) and after 18 treatments and end of therapy evaluation (p< 0.01). Images analysis showed
that there is a statistically significant difference between mean normalized counts in frontal brain
regions, both in right emisphere (0,056 + 0,010 vs 0,065 + 0,010 p< 0,05) and left emisphere (0,054
+ 0,010 vs 0,063 + 0,011 p<0,05).

1.4. Conclusions:We observed a correlation between changes in the brain perfusion according to
SPECT imaging and changes in the syndrome severity in patients treated by HBOT. Remission of

symptoms seems to be correlated with an improvement of cerebral flow.

3. Introduction by digital pressure at tender points (TPs). Research suggests that

pain in FM syndrome may be related to a global dysfunction of
3.1. Background
cerebral pain processing, notably involving central sensitization.

Fibromyalgia syndrome (FMS) is considered one of the most

. o . Aim of this study is to evaluate the effect of Hyperbaric Oxygen
common causes of musculoskeletal pain and disability. It is a

. . . ) o Therapy (HBOT) on patient’s clinical status and cerebral perfu-
chronic painful condition present in 2-4% of the population in )
Italy, with predominance in females. (6.9% in women and 0.3% sion.

in men) [1]. FMS shows a bimodal pattern of incidence: a first 3.2. Pathogenesis and Diagnosis of Fibromyalgia Syndrome

peak between 25 and 35 years and a second between 45 and The pathogenesis of FMS remains largely unknown. Several hy-

55 years [1, 2]. This syndrome is characterized by widespread potheses have been advanced, which have led to the definition of

chronic pain, tenderness in the muscles and deep tissues, and . . .
pai, p ’ FMS as a neuroimmune-endocrine disorder, whereby the molec-

fatigue accompanied by other non specific symptoms, including ular mechanisms of neurotransmitter dysfunction are associated

sleep disturbances.In particular, the widespread pain of FMS is a with more obvious neurological deficits. Trigger conditions such

disabling condition and can become quite marked when evoked
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as strong psycho-physical stress or febrile illness (often of viral

origin) have been suggested [3,4].

Diagnosis of FMS is very difficult, since it is based only on clinical
symptoms and no laboratory investigation is available to confirm
the clinical diagnosis of FMS. In 1990 the American College of
Rheumatology (ACR) published the diagnostic research criteria
for fibromyalgia. The criteria included a history of chronic and
widespread pain and the presence of 11 or more out of 18 tender
points. Pain was considered chronic and widespread when all of
the following features were present: pain in the left side of the
body; pain in the right side of the body; pain above the waist; pain
below the waist. In addition, axial skeletal pain must be present
and the duration of pain must be more than 3 months. A tender
points was considered positive when pain can be elicited by pres-
sures of 4 kg/cm?2 or less [5, 6]; In 2010 and later in 2011 ACR
criteria were modified: in this new version tender point test is be-
ing replaced by a widespread pain index and a symptom severity
(SS), but also the case definition of FMS is changed to an illness
characterized by self-reported, multiple painful regions and addi-
tional key symptoms, such as fatigue, sleep disturbance, cognitive

problems and the reporting of extent of somatic symptom. [7-10].

For this reason some scales have been introduced into clinical
practice to identify pain intensity and influence of disease on qua-
lity of life, like visual analog scales (VAS) [11, 12] and Fibromyal-
gia Impact Questionnaire (FIQ)[13,14]. These are a standardized
and self-administered instruments designed to measure the se-
verity of fibromyalgia disease symptoms with questions regarding

pain, health state and limitations on activities of daily living.

Recently studies showed that patients with FMS exhibit signifi-
cant brain single photon emission tomography (SPECT) perfu-

sion abnormalities [2,3].
3.3 Therapy of Fibromyalgia Syndrome

Treatments for fibromyalgia syndrome include both medications
and self-care. The emphasis is on minimizing symptoms and im-
proving general health. No treatment works for all symptoms,
although medications can help to reduce pain. At present, treat-
ment of FMS favors the use of centrally acting anti-epileptics and
antidepressants. Anti-epileptics such as gabapentin and prega-
balin (PGB) have been used in FMS with especially encouraging
results: 30% reduction in pain intensity in about half of patients
and 50% in about one-third. Further, PGB was effective in persis-
tent pain refractory to common analgesics. Antidepressants, by
improving the quality—quantity of sleep, can decrease some as-
sociated symptoms such as fatigue and gastrointestinal disorders,
thereby contributing to the optimization of analgesia in patients

with FMS. The antidepressants include tricyclic medications, like
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amitriptyline and other selective serotonin reuptake inhibitors
(SSRIs) and norepinephrine reuptake inhibitors (SNRIs) includ-
ing duloxetine and milnacipran. Among antidepressants, in-
hibitors of norepinephrine were more efficacious than serotonin
reuptake inhibitors. Optimal results were achieved by integrating
treatments to take advantage of potential drug synergism while
assuring a better safety profile, owing to the use of each drug at

its lowest effective dose [15-17].

3.4 Hyperbaric Oxygen Therapy (HBOT) in Fibromyalgia

Syndrome

HBOT is a specialized oxygen treatment that enhances the body’s
natural healing processes. It consists in exposing the patient to a
combination of increased atmospheric pressure and increased
level of oxygen in a total body chamber. Many illnesses and in-
juries fail to heal because sufficient oxygen is unable to reach
the damaged area because inflammation, swelling, and reduced
blood flow prevent oxygen from reaching injured tissues. Hyper-
baric oxygen stimulates blood flow, which allows the growth of
new blood vessels into the injured tissue. HBOT provides extra

oxygen to tissues and cells with minimal side effects [18].

Recently studies also demonstrated that hyperbaric oxygen ther-
apy (HBOT) shows promising effects in management of cronic
pain disorders. These studies demonstrate that HBOT reduce
production of inflammation mediators and stimulates nitric ox-
ide (NO) synthesis and NO-dependent release of endogenous

opioids as mechanism of antinociception.

HBOT can also induce neuroplasticity and acts on the mitochon-

drial mechanisms resulting in functional brain changes. [19].
4. Materials and Methods

This is a retrospective observational study, including patients
with a diagnosis of FMS according to the ACR criteria and
treated with hyperbaric oxygen therapy (HBOT) at Misericordia
Hospital of Grosseto.

4.1. Patients and Clinical Evaluation

We recruited 57 patients (56 women; mean age 55,8 + 9,7 years,
range 33-77 years) (Table 1) with diagnosis of FMS based, in
agreement with ACR 1990 and 2010 Guidelines, on the pres-
ence of multiple myofascial tender points unbound to significant
abnormalities in simple blood tests (full blood count, eryth-
rocyte sedimentation rate, c-reactive protein, creatine-kinase,
and thyroid stimulating hormone(TSH). All patients suffered
from chronic widespread musculoskeletal pain, chronic fatigue,
morning stiffness, sleep problems, headaches and constipation.

They were treated with benzodiazepines, tramadol and pregaba-
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lin, without significant beneficial effects on pain and quality of
life.

For each patients we evaluated algometric total scores (ATS) on
TPs, intensity of pain by Visual Analog Scale for pain (P-VAS)
and quality of life by Visual Analog Scale for quality of Life (QoL).

Table 1: Patient’s haracteristics.

Number of Age of

t Age Gender (F/M) : - Time between symptoms and
patiens diagnosis

diagnosis

57 55.8+9.7 56/1 48.7+9.5 11.7 £10.7

4.2. HBOT Protocol

All patients were treated with 6-weeks HBOT (36 treatments,
normal air at 2.5 ATA) and the average duration of each treat-

ments was 90 min.
4.3. SPECT Imaging and Images Analysis

Recently studies showed that patients with FMS exhibit signifi-
cant brain single photon emission tomography (SPECT) perfu-
sion abnormalities [20-22], for this reason 20 of the recruited
patients underwent to a Baseline Brain SPECT with HMPAO
to evaluate brain perfusion. 10 of them had an alterate baseline
SPECT. In this group of patients SPECT imaging was performed
even after 6-8 weeks after the end of HBOT.

Patients received an injection of 740 MBq of *™Tc-HMPAO
(99mTc-hexamethylpropylene amine oxime) and were kept at
rest for 50 minutes, in quiet surroundings, with their eyes closed,
in order to prevent interfering disturbance. SPECT was per-
formed using a double-head rotating y-camera (General Electric
InfiniaHawKeye) equipped with a fanbeam collimator. Data were
collected in 64 projections (30s spread) through 360°. Tomo-
graphic 3-dimensional reconstructions were performed using a
filtered backprojection algorithm and Chang attenuation correc-

tion was performed.

Volumetric regions of interest (VOIs) have been placed on the
images obtained through the SPECT protocol by an expert nucle-
ar medicine physician; in particular VOIs have been positioned
on frontal, parietal, medial-temporal, lateral-temporal cortex,
posterior cingulate and cerebellum. For each VOI we collect total
counts that were normalized for total counts measured on brain

reconstruction in its entirety.
4.4.Statistical Analysis

We performed a comparison between clinical results evaluated
at baseline, after 18 treatments and at the end of therapy and the
resultsobtained on the individual brain areas in baseline SPECT
and in after HBOT SPECT. A t-test for paired data was perfor-
med to verify the existence of statistically significant differences

(p-value results < 0.05 were considered statistically significant).
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5. Results
5.1. Clinical Results

At baseline, patients showed the following characteristics: mean
number of algometric total scores (ATS) on TPs equal to 132,8 +
32 and mean value of intensity of pain on the VAS (P-VAS) was
equal to 7,6 £+ 1,7. Total VAS score for quality of life (QoL) was
51,7 + 14,6. In addition to the pharmacological therapy patients
were treated with 6-weeks HBOT (36 treatments, normal air at
2.5 ATA). We have evaluated the changes in the algometric total
score, intensity of pain and VAS values for quality of life after 18
treatments and at the end of HBOT therapy. After 18 Treatments
ATS 100,6 + 33,7, P-VAS 5,8 + 2,2, QoL the end of therapy 37,6 +
19,2; after 36 Treatments ATS 69,8 + 33,8, P-VAS 4,4 + 2,0 and
QoL 17,5 £ 18,6. (Table 2) (Figure 1).

We found a statistically significant difference both ATS, P-VAS
and QoL between baseline evaluation and after 18 treatments (p<
0,01), baseline and end of therapy evaluation (p< 0,01) and after
18 treatments and end of therapy evaluation (p< 0.01).

5.2. SPECT Images Analysis Results

Visual analysis of baseline brain SPECT demonstrated in 10
patients a diffused cerebral hypoperfusion, in particular in the
frontal and the parietal lobes. After HBOT-SPECT demonstrated
in the same patients an improved cerebral perfusion with an in-
crease in cerebral blood flow in the frontal areas with respect to
the basal study; (Figure 2)

Statistical analysis of the images showed that there is no statisti-
cally significant difference between the values measured in the
parietal and temporal mesial cortex, posterior cingulate and ce-

rebellum before and after therapy (p> 0,05) (Figure 3).

Instead the analysis showed that there is a statistically signifi-
cant difference between mean normalized counts in frontal brain
regions, both in right emisphere (0,056+0,010 vs 0,065+0,010
p<0,05) and left emisphere (0,054+0,010 vs 0,063 +0,011 p<0,05)
(Figure 4).

In left temporal cortex we didn’t reach a statistically significant
difference too (p=0,06 in right emisphere and p=0,07 in left, but
we hope that new studies with an increased number of patients
could show promising results (Figure 4).

Table 2: ATS, P-VAS and QoL at baseline, after 18 cycles and at the end of
HBOT.

Evaluation Time ATS P-VAS QoL
Baseline 132.8 + 32.0 7.6+1.7 51.7 £ 14.6
After 18 HBOT 100.6 + 33.7 58+22 37.6+19.2

End of therapy 69.8 +33.8 44+20 17.5+18.6
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Figure 1: Values in ATS, P-VAS and QoL at baseline, after 18 cycles and at the
end of HBOT.

Figure 2: Example of Visual analysis of SPECT images. Significative improve-
ment in cerebral perfusion between baseline SPECT (a) and end of therapy
SPECT (b).

Figure 3: Results on Medial Temporal Cortex, Posterior cingulate, Cerebellum
and Parietal cortex.
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Figure 4: Results on Frontal Cortex and Lateral temporal cortex.

6. Discussion and Conclusions

One of the most noteworthy clinical features of FMS is
widespread pain that, at particular points called TPs, can reach
very high levels when provoked by pressure. Centrally acting
anti-epileptics and antidepressants have proven beneficial in
reducing pain intensity in patients with FMS, although their
effects leave much to be desired. HBOT is highly efficacious in
the treatment of chronic pain associated with different diseases

and has no deleterious side effects.

We observed a correlation between changes in the brain perfusion
according to SPECT imaging and changes in the syndrome
severity. Remission of symptoms seems to be correlated with
an improvement of cerebral flow. All the patients referred a
significant amelioration of all FMS symptoms, and significant

improvement in life quality.

The change in cerebral blood flow in specific areas in FMS
patients could be relates to a dysfunction of pain processing in

brain structures, in particular involving central sensitization.
Further studies are necessary to confirm this hypotesis.
7. Compliance with Ethical Standards

All procedures performed in the present study were in accordan-
ce with the 1964 Helsinki declaration and its later amendments
or comparable ethical standards. The institutional reviewboard
approved this study and all subjects signed a written informed
consent related to the imagingprocedure, as part of our routine

clinical care.



Volume 2 Issue 4 -2019

References

1. Goldenberg DL. Fibromyalgia syndrome. An emerging but contro-
versial condition. JAMA. 1987;257(20):2782-7.

2. Clauw DJ. Fibromyalgia: a clinical review. JAMA. 2014;311(15):1547-
55.

3. Clauw DJ, Arnold LM, McCarberg BH. The science of fibromyalgia.
Mayo Clin Proc. 2011; 86(9): 907-11.

4. Bellato E, Marini E, Castoldi F, Barbasetti N, Mattei L, Bonasia DE
et al. Fibromyalgia Syndrome: Etiology, Pathogenesis, Diagnosis, and

Treatment. Pain Res Treat. 2012; 2012: 426130.

5. Wolfe F, Smythe HA, Yunus MB, Bennett RM, Bombardier C, Gold-
enberg DL et al. The American College of Rheumatology 1990 Criteria
for the Classification of Fibromyalgia. Report of the Multicenter Criteria
Committee. Arthritis Rheum.1990; 33(2): 160-72.

6. Harden RN, Revivo G, Song S, Nampiaparampil D, Golden G, Kirin-
cic Metal. A critical analysis of the tender points in fibromyalgia. Pain

Med. 2007; 8(2):147-56.

7. Wolfe E, Clauw DJ, Fitzcharles MA, Goldenberg DL,Hauser W, Katz
RL et al. 2016 Revisions to the 2010/2011 fibromyalgia diagnostic cri-
teria. Semin Arthritis Rheum.2016; 46(3):319-329.

8. Wolfe E, Clauw DJ, Fitzcharles MA, Goldenberg DL,Hauser W, Katz
RS et al. Fibromyalgia criteria and severity scales for clinical andepide-
miological studies: A modification of the ACR Prelimi-nary Diagnostic

Criteria for Fibromyalgia. ] Rheumatol. 2011; 38(6):1113-1122.

9. Wolfe F, Clauw DJ,Fitzcharles MA,Goldenberg DL,Katz RS,Mease P
et al. The American College of Rheumatology Preliminary Diagnostic
Criteria for Fibromyalgiaand Measurement of Symptom Severity. Ar-

thritis Care & Research. 2010; 62(5): 600-610.

10. Ghavidel-Parsa B, Bidari A, Hajiabbasi A, Shenavar 1, Ghalehbaghi
B, Sanaei O. Fibromyalgia diagnostic model derived from combination
of American College of Rheumatology 1990 and 2011 criteria. Korean J
Pain. 2019;32(2): 120-128.

11. Crawford BK, Piault EC, Lai C, Bennett RM. Assessing fibromyalgia-
related fatigue: content validity and psychometric performance of the
Fatigue Visual Analog Scale in adult patients with fibromyalgia. ClinEx-
pRheumatol. 2011;29(6 Suppl 69):S34-43.

clinandmedimages.com

Research Article

12. Marques AP, Assumpgdo A, Matsutani LA, Pereira CA, Lage L. Pain
in fibromyalgia and discrimination power of the instruments: Visual
Analog Scale, Dolorimetry and the McGill Pain Questionnaire. Acta-
Reumatol Port. 2008;33(3):345-51.

13. Burckhardt CS, Clark SR, Bennett RM. The Fibromyalgia Impact
Questionnaire: developed and validation. J] Rheumatol. 1991; 18(5):
728-33.

14. Bennett RM, Friend R, Jones KD, Ward R, Han BK, Ross RL. The
Revised Fibromyalgia Impact Questionnaire (FIQR): validation and
psychometric properties. Arthritis Res Ther. 2009; 11(4):R120.

15. Kwiatek R. Treatment of fibromyalgia AustPrescr. 2017; 40(5): 179-
183.

16. Macfarlane GJ, Kronisch C, Dean LE, Atzeni F, Hiauser W, Fluf$ E et
al. EULAR revised recommendations for the management of fibromyal-

gia. Ann Rheum Dis. 2017;76(2):318-328.

17. El-Shewy KM, Kunbaz A, Gad MM, Al-Husseini M]J, Saad AM, Sam-
mour YM et al. Hyperbaric oxygen and aerobic exercise in the long-
term treatment of fibromyalgia: A narrative review. Biomed Pharmaco-

ther. 2019;109:629-638.

18. Efrati S, Golan H, Bechor Y, Faran Y, Daphna-Tekoah S, Sekler G
et al. Hyperbaric oxygen therapy can diminishfibromyalgia syndrome-

-prospective clinical trial. PLoS One. 2015;10(5):e0127012.

19. Hadanny A, BechorY, CatalognaM, Daphna-TekoahS, SigalT, Co-
henpourM et al. Hyperbaric Oxygen Therapy Can Induce Neuroplas-
ticity and Significant Clinical Improvement in Patients Suffering From
Fibromyalgia With a History of Childhood Sexual Abuse-Randomized
Controlled Trial. Front Psychol. 2018; 9: 2495.

20. Pagani M, Salmaso D, Jonsson H, Robert Hatherly, Hans Jacobsson,
Stig A Larsson et al. Regional cerebral blood flow as assessed by princi-
pal component analysis and 99mTc-HMPAO SPET in healthy subjects
at rest: normal distribution and effect of age and gender. Eur] Nucl Med

Mol Imaging. 2002;29(1): 67-75.

21. Guedj E, Taieb D, Cammilleri S, Lussato D, de Laforte C, Niboyet J
et al. 99mTc-ECD brain perfusion SPECT in hyperalgesic fibromyalgia.
Eur ] Nucl Med Mol Imaging. 2007;34(1):130-4.

22. Guedj E, CammilleriS, Niboyet], Dupont P, Vidal E, DropinskiJP et
al. Clinical Correlate of Brain SPECT perfusion Abnormalities in Fibro-

myalgia. ] Nucl Med. 2008;49(11):1798-803.


https://www.ncbi.nlm.nih.gov/pubmed/3553636
https://www.ncbi.nlm.nih.gov/pubmed/3553636
https://www.ncbi.nlm.nih.gov/pubmed/24737367
https://www.ncbi.nlm.nih.gov/pubmed/24737367
https://www.ncbi.nlm.nih.gov/pubmed/21878603
https://www.ncbi.nlm.nih.gov/pubmed/21878603
https://www.ncbi.nlm.nih.gov/pubmed/23213512
https://www.ncbi.nlm.nih.gov/pubmed/23213512
https://www.ncbi.nlm.nih.gov/pubmed/23213512
https://www.ncbi.nlm.nih.gov/pubmed/2306288
https://www.ncbi.nlm.nih.gov/pubmed/2306288
https://www.ncbi.nlm.nih.gov/pubmed/2306288
https://www.ncbi.nlm.nih.gov/pubmed/2306288
https://www.ncbi.nlm.nih.gov/pubmed/17305686
https://www.ncbi.nlm.nih.gov/pubmed/17305686
https://www.ncbi.nlm.nih.gov/pubmed/17305686
https://www.ncbi.nlm.nih.gov/pubmed/27916278
https://www.ncbi.nlm.nih.gov/pubmed/27916278
https://www.ncbi.nlm.nih.gov/pubmed/27916278
https://www.ncbi.nlm.nih.gov/pubmed/21285161
https://www.ncbi.nlm.nih.gov/pubmed/21285161
https://www.ncbi.nlm.nih.gov/pubmed/21285161
https://www.ncbi.nlm.nih.gov/pubmed/21285161
https://www.ncbi.nlm.nih.gov/pubmed/20461783
https://www.ncbi.nlm.nih.gov/pubmed/20461783
https://www.ncbi.nlm.nih.gov/pubmed/20461783
https://www.ncbi.nlm.nih.gov/pubmed/20461783
https://www.ncbi.nlm.nih.gov/pubmed/31091511
https://www.ncbi.nlm.nih.gov/pubmed/31091511
https://www.ncbi.nlm.nih.gov/pubmed/31091511
https://www.ncbi.nlm.nih.gov/pubmed/31091511
https://www.ncbi.nlm.nih.gov/pubmed/21813054
https://www.ncbi.nlm.nih.gov/pubmed/21813054
https://www.ncbi.nlm.nih.gov/pubmed/21813054
https://www.ncbi.nlm.nih.gov/pubmed/21813054
https://www.ncbi.nlm.nih.gov/pubmed/18846013
https://www.ncbi.nlm.nih.gov/pubmed/18846013
https://www.ncbi.nlm.nih.gov/pubmed/18846013
https://www.ncbi.nlm.nih.gov/pubmed/18846013
https://www.ncbi.nlm.nih.gov/pubmed/1865419
https://www.ncbi.nlm.nih.gov/pubmed/1865419
https://www.ncbi.nlm.nih.gov/pubmed/1865419
https://www.ncbi.nlm.nih.gov/pubmed/19664287
https://www.ncbi.nlm.nih.gov/pubmed/19664287
https://www.ncbi.nlm.nih.gov/pubmed/19664287
https://www.nps.org.au/australian-prescriber/articles/treatment-of-fibromyalgia
https://www.nps.org.au/australian-prescriber/articles/treatment-of-fibromyalgia
https://www.ncbi.nlm.nih.gov/pubmed/27377815
https://www.ncbi.nlm.nih.gov/pubmed/27377815
https://www.ncbi.nlm.nih.gov/pubmed/27377815
https://www.ncbi.nlm.nih.gov/pubmed/30399600
https://www.ncbi.nlm.nih.gov/pubmed/30399600
https://www.ncbi.nlm.nih.gov/pubmed/30399600
https://www.ncbi.nlm.nih.gov/pubmed/30399600
https://www.ncbi.nlm.nih.gov/pubmed/26010952
https://www.ncbi.nlm.nih.gov/pubmed/26010952
https://www.ncbi.nlm.nih.gov/pubmed/26010952
https://www.ncbi.nlm.nih.gov/pubmed/30618929
https://www.ncbi.nlm.nih.gov/pubmed/30618929
https://www.ncbi.nlm.nih.gov/pubmed/30618929
https://www.ncbi.nlm.nih.gov/pubmed/30618929
https://www.ncbi.nlm.nih.gov/pubmed/30618929
https://link.springer.com/article/10.1007/s00259-001-0676-2
https://link.springer.com/article/10.1007/s00259-001-0676-2
https://link.springer.com/article/10.1007/s00259-001-0676-2
https://link.springer.com/article/10.1007/s00259-001-0676-2
https://link.springer.com/article/10.1007/s00259-001-0676-2
https://www.ncbi.nlm.nih.gov/pubmed/16933135
https://www.ncbi.nlm.nih.gov/pubmed/16933135
https://www.ncbi.nlm.nih.gov/pubmed/16933135
https://www.ncbi.nlm.nih.gov/pubmed/18927329
https://www.ncbi.nlm.nih.gov/pubmed/18927329
https://www.ncbi.nlm.nih.gov/pubmed/18927329

