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ABSTRACT 
 

 

 In recent years vitamin D has gained popularity in the media, on the internet, and 

throughout alternative treatment practitioners as a cheap and effective option to treat 

many diseases.   Research showing that vitamin D receptors are present in virtually all 

cells of the body, and the increasing data demonstrating a relationship of vitamin D 

metabolites to chronic diseases, have led to widespread treatment of medical conditions 

with vitamin D supplementation.  Chronic pain and inflammatory conditions are 

increasingly linked to vitamin D deficiency.  The question posed in this review is whether 

there is significant, quality research to recommend vitamin D supplementation for 

patients with chronic pain conditions. 

  

Utilizing publications from PubMed for the review, various search terms were 

entered for vitamin D (vitamin D; vitamin D2; vitamin D3; 1,25-dihydroxyvitamin D3; 

1,25-dihydroxycholecalciferol; 25 hydroxycholecalciferol; 25-hydroxyvitamin D; 

alfacalcidol; calcidiol; calcitriol; calcifediol; calciferol; ergocalciferal; cholecalciferol); 

and “pain.”  The search was continued from the last day of the Straub et. al. review, 

September 8th, 2008.  The last search was conducted on December 5, 2012.  The search 

protocol from Straub et. al was followed as well.  Also, added to this search protocol 

were the terms: vitamin D receptor; VDR and “pain.”  These terms enabled a search for 

genetic links between vitamin D and pain.  The search criteria resulted in nine relevant 

articles (from the original 1,069 studies) with varying treatment protocols in each article 

making any statistical representation impossible.   
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Results on the effectiveness of vitamin D correlation with chronic pain were 

extremely variable, with most papers drawing the conclusion that more quality research 

needs to be implemented on the subject.  Due to the variability and lack of quality 

randomized controlled trials, the current literature can only suggest a possible link 

between vitamin D levels and pain.  Also, recent research into Vitamin D Receptors 

(VDR)  has opened up a possible connection between VDR polymorphisms and pain.  So, 

after a comprehensive review of vitamin D, Vitamin D Receptors, and pain, there is still 

not enough evidence to recommend supplementation to treat chronic pain conditions.  

However, enough evidence is available to recommend future high quality, randomized 

controlled trials to help determine the influence vitamin D and VDRs have on pain issues.  
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CHAPTER 1   

 

INTRODUCTION 
 

 

Vitamin D supplementation is a controversial topic in medicine and the general 

community, with studies suggesting a link between low levels of vitamin D in the 

bloodstream and chronic disease states.  Vitamin D deficiency has been linked to 

conditions such as: cardiovascular disease, auto-immune conditions, various cancers, 

chronic pain, and periodontal conditions in the mouth.  The media, internet community, 

and general public are quick to label vitamin D a cure-all treatment for everything from 

the flu to cancer.  There are thousands of studies on vitamin D and its role fighting 

disease states, so the goal of the scientific community must be to assess these studies for 

research design and subsequent validity.   

 

A good way to assess the validity of current research is through various reviews, 

both systematic and comprehensive, to determine who is doing the research, whether 

their design is appropriate, and finally if their conclusions are relevant and correct.  

People are often quick to jump on the next big wonder drug in medicine, without waiting 

for proper research to back up their claims. 

 

This review assesses the current research on the correlation between vitamin D 

and chronic pain conditions to determine if the benefits of this hormone are substantial 

enough to recommend to the general community suffering from these chronic pain 

conditions.     
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CHAPTER 2 

 

 REVIEW OF LITERATURE 
  

2.1 Pain Overview 

 

Pain is a general term encompassing many physical and emotional states.  It is 

subjective in nature, but experienced universally in one form or another.  Physical and 

emotional pain often overlap, compounding both diagnosis and treatment in many cases. 

Despite the ambiguous nature of pain, countless classification systems and definitions 

have been developed in an attempt to understand the condition.  The more we understand 

about pain patterns, the more accurately we can treat people suffering from pain. 

 

 

2.2 Pain Classification 

 

So how does a practitioner treat such a complex phenomenon as pain?   One way 

is to simplify pain conditions through classification.  By dividing pain into categories it is 

possible to determine patterns of treatment in order to successfully manage pain.  In an 

ideal world the medical community would be able to sub-divide pain groups to a point 

where treatment protocols could be followed for each division.  Practically however, an 

individual’s pain is much too difficult to fit into an organized classification system at this 



3 
 

 

time.  However, pain practitioners and researchers are trying to classify the universal 

aspects of pain in order to find cures. 

 

The International Association for the Study of Pain’s (IASP) widely used 

definition states, “Pain is an unpleasant sensory and emotional experience associated with 

actual or potential tissue damage, or described in terms of such damage” (Bonica, 1979).  

Due to the unpleasantness associated with pain, it is reported that approximately half of 

Americans seeking treatment with a physician do so because of pain in one form or 

another. This makes pain the most common reason to see a doctor in the United States 

(Abbott, 1998).  The goal of any physician treating pain is to find a way to alleviate the 

symptoms (Turk, 2004).  Because pain is so widespread and varying, it is extremely 

difficult to define and classify, and therefore treat. 

 

Pain is classified by many aspects including its location, frequency and 

duration, intensity, and underlying cause in the body (Cole, 2002).  The multitude of 

classifications sometimes leads to confusion for the practitioner, who often is left unsure 

which system to use.  Systems of classification often overlap, confounding the 

practitioner to a greater degree (Pasero, 1999).  A good practitioner should have an 

understanding of how a patient’s pain fits into the various classification systems, but 

should always remember that an individual’s pain is unique.  However, the difficulties of 

detecting the cause of a patient’s pain can be simplified through the use of these 

classifications. 
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2.2.1 Location of Pain 

 

Often the first question asked by the practitioner is “where does it hurt.”  In order 

to successfully evaluate pain the practitioner must know the difference between the site 

and the source of pain.  The site of pain is the location that the person experiences pain.  

The source of pain is the area of the body where the pain originated.  When the site and 

source are in the same location the pain is named primary pain.  Primary pain is 

generally easier to treat since the patient and practitioner know the source of the 

symptoms (Okeson, 2011). 

 

Heterotopic pain is often more frustrating to the patient and confusing for the 

practitioner.  In this circumstance, the site of pain is different from the source of pain.  

One common example of heterotopic pain is myocardial ischemia.  A patient might not 

know they are having a heart attack because the site of pain could be in the mandible, 

shoulder, and/or left arm.  The source of pain is the heart but the situation is convoluted 

by the site and source not corresponding.  “A basic cardinal rule in therapy is that 

treatment must be directed towards the source of pain, not the site of pain (Okeson, 

2011).”   

 

In dentistry, heterotopic pain is extremely common such as temperomandibular 

pain originating from the sternocleidomastoid muscle.  Clinicians must guard against 

treating the site of pain in these cases because it will be ineffective, and may cause more 

harm in the long run.  Simply using the location of pain for classification is only a single 
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dimension in diagnosis, and thus may ultimately fail to adequately define the underlying 

neurophysiology of the problem (Turk, 2001). 

 

2.2.2 Frequency and Duration of Pain 

 

Another common question of the practitioner is “how long has it been hurting?”  

This duration of pain classification is generally broken down into acute or chronic pain 

conditions.  Acute pain generally lasts from one to 30 days, while chronic pain is usually 

defined as pain prolonging for at least 6 months.  The classification of sub-acute pain is 

sometimes used for the time period between one month and six months.  Also, recurrent 

acute pain is often used to describe pain occurring occasionally over time and returning 

(Crue, 1983).  These definitions are arbitrarily based on length of time the pain prolongs.  

One good alternative definition for chronic pain is pain lasting longer than the expected 

period for healing in the body (Turk, 2001).  This definition is a more individualized 

definition based on medical history. 

 

Pain is a necessary marker in the human body to warn against outward dangers 

and overuse due to injured or diseased body parts.  This type of pain is acute in nature, 

and is needed for human survival.  When this pain is no longer needed as a warning, a 

transition occurs towards chronic pain.  Chronic pain generally has little protective 

significance and becomes a hindrance to the body.  It interferes with daily activity and 

leaves the patient struggling to do normal activities despite normalization after injury 

(Cole, 2002). 
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Recently, the medical community has begun to shift focus toward treating chronic 

pain as a separate disease.  If pain cannot be controlled in the acute phase by the 

practitioner, he/she should involve a team of specialists to attempt to control the chronic 

pain (Melzack, 1990).  Much too often, practitioners continue to treat chronic pain 

conditions in a method similar to acute pain.  Practitioners become overwhelmed with the 

mental, physical, and social problems a chronic pain patient exhibits.  The result is the 

practitioner attempting to manage symptoms of the pain syndrome.  A doctor can cause 

more harm than good by continuing to treat a chronic pain patient as if they are in the 

acute phase.   

 

An example of this is the use of opiate analgesics for pain relief.  Far too often 

practitioners treat chronic pain with addictive medications in order to control pain levels.  

Often these doctors do not have enough training in the pharmacology of the medications 

they are prescribing.  The outcome is a patient not only remaining in pain, but also 

dealing with the negative side effects of these medications.  Doctors often do not have 

adequate experience with opiate addiction, and the result is a patient not only in pain, but 

also relying on medications to survive.  Also, these same doctors do not have appropriate 

follow-up with chronic pain patients. Because the potential long term benefits of chronic 

opioid therapy can be contentious, careful patient selection, comprehensive management, 

and follow-up are crucial.  Practitioners not willing to follow these protocols should refer 

the chronic pain patient to a specialty clinic where a team of experts can tackle the 

problem. 
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2.2.3 Intensity of Pain 

 

Classifying pain by intensity may be the most subjective criterion in pain 

management.  Since each person experiences pain in his/her own way, relying on patient 

feedback can be a tricky practice.  There are many pain intensity systems used today, 

with a numerical pain scale from 0-10 being the most common.  In this system, the 

patient is asked what number they would give their pain level right now.  What number is 

the pain at its worst?  What is a manageable pain level for you to function?  A zero pain 

level represents no pain.  1-3 on the scale is mild pain, which usually does not interfere 

with daily life.  4-6 is moderate pain, which starts to significantly interfere in daily 

activities.  7-10 is severe pain that is disabling to a person (McCaffery, 1993).   Any 

system trying to quantify a patient’s perceived pain is ultimately subjective, and it is best 

to assume that pain exists to the extent a patient says it exists (McCaffery, 1999). 

 

2.2.4 Underlying Cause of Pain 

 

A useful classification system deals with the underlying origin of the pain.  Pain 

can be broken down into nociceptive and non-nociceptive sub groups.  Nociceptive pain 

occurs when specific pain receptors are stimulated. These receptors sense temperature 

(hot/cold), vibration, stretch, and chemicals released from damaged cells.  Nociceptive 

pain is further grouped into somatic and visceral pain.  Non-nociceptive pain is split into 

neuropathic and sympathetic pain. 
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2.2.4.a Nociceptive Pain 

 

Somatic pain is a type of nociceptive pain felt on the skin, muscles, ligaments, 

and bones.  Another term for somatic pain is musculoskeletal pain.  The pain receptors 

are sensitive to hot and cold, vibration, and muscle fiber stretch.  Also, inflammation 

causes somatic pain.  Somatic pain is usually well localized and sharp in nature 

(Nordquist, 2009). 

 

Visceral pain is the other type of nociceptive pain.  Unlike somatic pain, visceral 

pain is poorly localized but is constant and aching.  It is felt in internal organs and body 

cavities.  Referred pain to the upper and lower back, as well as the abdomen are common 

in visceral pain (Nordquist, 2009). 

 

2.2.4.b  Non-Nociceptive Pain 

 

Neuropathic pain is a non-nociceptive pain coming from the nervous system.  

Nerve pain can originate in the peripheral nervous system, which is between tissues and 

the spinal chord.  It can also stem from the central nervous system, between the spinal 

chord and brain.   

 

Nerve pain is considered non-nociceptive because there is no specific pain 

receptors causing the pain.  An injured nerve cannot function properly in the body.  Once 
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function is lost the brain tries to interpret the signal from the site of injury.  The abnormal 

signal is often interpreted as pain by the brain. Other interpretations include numbness, 

pins and needles, tingling, and hypersensitivity to temperature. Neuropathic pain is highly 

unpredictable and thus difficult to treat.  Many chronic pain sufferers are classified in the 

neuropathic pain grouping.  

 

Neuropathic pain can result from trauma injuring a nerve.  It can also be from 

disease processes such as herpes.  Also, issues with the cardiovascular system such as a 

stroke can cause neuropathic pain. If medication is needed to control neuropathic pain 

levels, it is best to prescribe antidepressant and anticonvulsant drugs rather than the 

opioid analgesic agents used for visceral and somatic pains (Foley, 1985). 

 

Sympathetic pain usually occurs after a traumatic injury.  It is also a type of 

nerve pain that is non-nociceptive.  The area around the sympathetic nerve distribution 

becomes extremely sensitive and painful.  Again, antidepressant and anticonvulsant drugs 

can be used followed by surgical techniques to eliminate the faulty sympathetic nerve 

bundle in extreme cases.   

 

2.3  Treating Pain 

 

After the practitioner has gathered all the information to classify the patient’s 

pain, he must find ways to treat the pain.  Since pain is so individualized, there are 

countless treatments to combat the issues, and not every person will respond favorably to 
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the same pain relief regimen.  The more difficult pain issues are often left to a trial and 

error approach by the patient and practitioner, with the least-invasive and reversible 

treatments performed first.   

 

Unfortunately for pain patients, it is rare to find a clinic able to perform the 

variety of treatments often needed to alleviate pain.  The result is a tired, sick chronic 

pain patient travelling from one office to another in search for a cure.  These patients 

have to explain their medical history in detail at every new stop, and many patients lose 

the will to find a cure due to this exhausting process. 

 

Often, psychological disorders arise jointly with the chronic pain condition.  

Mental health professionals are commonly involved in severe pain cases, and a 

classification of  psychogenic pain is given to these patients. The Diagnostic and 

Statistical Manual of Mental Disorders classifies these psychogenic pain patients as 

having a pain disorder (DSM, 2000).  Pain disorder is defined by pain in one or more 

locations.  Also, the pain is the predominant focus of the patient’s clinical presentation 

and is of sufficient severity to warrant clinical attention. The pain causes clinically 

significant distress or impairment in social, occupational, or other important areas of 

functioning (DSM, 2000). 

 

Emotional stress is another cause of increased pain in patients.  The emotional 

centers in the brain can impact muscle function.  These centers include the hypothalamus, 
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reticular system, and the limbic system.  The result of these systems is an increase in 

muscle tonicity during times of stress (Carlson, 1993). 

 

It is imperative to remember that mental and physical aspects of the chronic pain 

patient cannot be separated, and it does not matter which aspect came first.  Mental and 

physical symptoms of the pain condition go hand in hand.  When the pain increases, the 

mood worsens.  Also, psychological stress can cause an increase in physical pain 

(Abraham, 1995).   Since each person experiences pain in an individual manner, the 

treating professional must believe that the person is suffering mentally and physically. 

 

Often placebo treatments are used in pain patients, with mixed results.  Since 

there is a strong correlation between mental and physical pain, if a person believes the 

treatment will work then often it will alleviate the pain.  However, these placebo 

treatments will not tell the practitioner anything diagnostically other than the patient’s 

belief in the practitioner and will to find a cure (Edmondson, 2000).  A person in pain 

will try just about anything to alleviate the symptoms.  This makes it even more difficult 

for the pain patient, because they are not sure which treatments are a scam, and which are 

legitimate.  Trial and error can become costly monetarily, physically, and emotionally 

(Frank-Stromborg, 2000). 

 

So how can so many types of treatment be successful in managing different pain 

disorders, yet pain is the number one reason people report going to the doctor?  To 

discover appropriate treatments, the patient and clinician must demand proper scientific 
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evidence.  Evidence based documents are essential for repeating successful outcomes 

using a desired treatment.  Unfortunately, numerous published articles suggest the 

success of various treatment options that are not based on scientific evidence (Okeson, 

2003). 

 

2.4 Temporomandibular Disorders Overview 

 

A great example of the need for good, evidence based treatments for pain 

conditions is seen in the treatment of Temporomandibular Disorders (TMD).  TMD is a 

complicated subject with a lack of adequate scientific evidence relating certain therapies 

to treatment outcomes.  There are currently a limited number of controlled, double-blind, 

clinical trials in the field of TMD research (Albino, 1996).   

 

Also, in past trials the researchers generally describe patients suffering from 

“TMJ” disorders.  This is an extremely broad term that needs to be categorized in a 

manner similar to what was described above for pain classifications.  Without a 

classification system for TMD, a proper diagnosis cannot be determined, leading to 

inadequate treatment outcomes (Albino, 1996).  
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2.5  TMD Classification 
 

The greatest problem we face in successfully managing temporomandibular disorders 

(TMD) is not providing or refining treatment methods; it is in establishing the correct 

diagnosis.  Until a correct diagnosis is established, management is not predictable.  TMD 

is not a single disorder but represents a group of musculoskeletal disorders of the 

masticatory system.  Adding further to the complexity is the consideration that TMD is 

only one sub-category of Orofacial Pain Disorders.  Until the clinician appreciates all the 

possible pain disorders that present in the dental office, successful management of the 

patient’s pain is left up to chance.   

 

     -Jeffrey P Okeson, DMD (2011) 

 

Temporomandibular disorders include a number of clinical problems that involve 

the masticatory musculature, the temporomandibular joint, and associated structures. 

They are considered to be a subclassification of somatic (musculoskelatal) pain disorders 

(discussed above) (Okeson, 1996).   

 

  

The Temporomandibular joint articulates between the condyle of the mandible 

and the glenoid fossa of the temporal bone. Situated between the bony components is the 

articular disk, made of dense fibrous connective tissue and devoid of nerves and blood 

vessels in the articulating portion. However, the posterior attachment has rich 

vascularization and innervation via the auriculotemporal branch of the mandibular 

division of the trigeminal nerve. The disc is biconcave with the thickest portion in the 

posterior zone, a moderately thick anterior zone, and a thin intermediate zone (Uyanik, 

2003).  
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During jaw movements the condyle and disc slide in the temporal fossa. Without 

this sliding movement, sideways movement of the jaw during chewing and opening 

would not be possible. The disc is believed to have multiple roles including cushioning 

and distributing joint loads, promoting joint stability during chewing, facilitating 

lubrication and nourishment of the joint surfaces, preventing gross degenerative changes 

in the condyle and fossa, and promoting normal growth of the mandible.  Although some 

properties of the temporomandibular joint are unique, the disc and joint basically behave 

similarly to other load-bearing appendicular joints with discs (Hall, 1995). 

 

One of the confusing issues in TMD treatment is the number of classification 

systems.  Practitioners must agree on a system in order to evolve in research and 

treatment on the subject.  In 1986, Welden Bell developed a classification for diagnosing 

TMD into logical categories (1986).  The American Dental Association (ADA) quickly 

adopted Bell’s system for classifying TMD (Griffiths, 1983).  The TMD classification 

system is divided into four main categories, with each category divided into sub-

categories, each of which may have a different treatment approach.  The four main 

categories include (1) masticatory muscle disorders, (2) temporomandibular joint 

disorders, (3) chronic mandibular hypomobility disorders, and (4) growth disorders.   
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2.5.1. Masticatory Muscle Disorders 

 

Muscle pain (myalgia) is the most common complaint given by the patient 

presenting with facial and masticatory pain.  However, not all masticatory muscle pain is 

the same.  There are at least five different categories, and distinguishing between types of 

muscle pain can result in proper treatment.  The five types of masticatory muscle 

disorders are (a) protective co-contraction, (b) local muscle soreness, (c) myofascial pain, 

(d) myospasm, and (e) centrally mediated myalgia (Okeson, 2003). 

 

2.5.1.a.  Protective Co-Contraction 

 

Protective co-contraction is a central nervous system response to injury.  It is the 

first response of the muscles of mastication to avoid further injury.  A co-contraction 

response is similar to a reflex response, and muscles are sometimes altered from usual 

use in order to protect from increased injury (Lund, 1983).   

 

An example of protective co-contraction is the response to a newly cemented 

crown in hyperocclusion.  The elevator muscles such as the temporalis, medial pterygoid, 

and masseter may contract to prevent the crown from occluding with the opposing arch.  

Pain in these muscles may develop as a result of co-contraction.   
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Emotional stress is another common factor in co-contraction.  Stress can cause the 

muscles of mastication to contract.  Also, patients under stress are more likely to clench 

and grind, which in turn can create co-contraction.   

 

Clinically, co-contraction can be identified based on length of time the person has 

been experiencing pain and dysfunction, and the patient will not experience any 

discomfort at rest.  The length of time of co-contraction events is usually only a day or 

two, and the pain experienced will increase when the patient tries to function normally.  

Trying to bite normally will cause co-contraction of the muscles, and  resting of the jaw 

usually alleviates these symptoms (Okeson, 2003). 

 

2.5.1.b  Local Muscle Soreness 

 

Continued co-contraction usually leads to local muscle soreness, which is a non-

inflammatory myalgia.  Local muscle soreness can also result from trauma, or excessive 

use of the muscles, leading to fatigue (Mao, 1993).  Local muscle soreness may cause 

increased co-contraction, resulting in a chronic pain cycle where one condition 

exacerbates the other.  This becomes difficult to treat in many cases because the original 

local muscle soreness heals itself over time, but the patient continues to experience 

cyclical pain.  Clinicians must be aware that even though the original condition has 

resolved, patients must then be treated for the continued cyclical condition (Okeson, 

2003). 
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Along with co-contraction, overuse, trauma, and/or emotional stress can cause 

local muscle soreness.  A correlation is there, but muscle pain is not completely 

understood by researchers and sometimes it must be deemed idiopathic (Mense, 1993).  

Hopefully as more research evolves in this area, less cases of idiopathic pain conditions 

will confuse patients and clinicians. 

 

Local muscle soreness produces pain to palpation, which is a way to distinguish it 

from co-contraction.  Also, fatigue of the muscles is often measurable by a decrease in 

mandibular movement and velocity of that movement (Okeson, 2003). 

 

 

2.5.1.c  Myofascial Pain 

 

Myofascial pain, often referred to as trigger point myalgia, was first described in 

1952 by Travell and Rinzler (1952).  However, the medical community as a whole has 

been slow to fully recognize the significance of myofascial pain.  In the dental 

community, myofascial pain is often misunderstood and falsely used as a term to describe 

all types of muscular facial pain.  The confusion may stem from the similarity between 

the words  fascia and facial.  Fascia is a layer of fibrous tissue (Merriam-Webster, 2012), 

and should not be confused with facial pain.   
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Myofascial pain occurs in discreet areas of muscle tissue, causing trigger point 

zones that elicit pain when palpated.  The clinician can often feel a taut band in the 

muscle, causing pain in the patient (Fischer, 1988).   

 

Because the exact cause of trigger point pain is unknown in the medical 

community, many physicians have ignored trigger point treatments.  Recently however, 

more emphasis is being directed toward trigger point treatment.  Some articles have 

concluded that more than half of patients reporting to a pain center suffer from 

myofascial pain (Friction, 1985).   

 

Myofascial pain can be an acute condition, but can also become chronic in nature.  

Myofascial trigger point pain is a source of constant, deep pain.  This constant pain can 

result in central nervous system changes.  These central excitatory effects of trigger 

points can easily cause referred pain, complicating the diagnosis.  A quality medical 

history can help discover the original source of the trigger point pain (Okeson, 2003). 

 

Myofascial referred pain commonly results in TMD patients experiencing tension 

type headaches.  This is due to an active trigger point in one of the muscles of mastication 

causing a centrally mediated effect (Laskin, 1969).  The clinician can often palpate the 

muscle trigger point to elicit an increased pain response in the areas of referred pain.  

This can be an important diagnostic tool to determine the presence of myofascial pain. 

 



19 
 

 

Another common finding with myofascial pain patients is the skin being sensitive 

or painful to touch.  In TMD patients it is often the scalp and hair that is sensitive.  

More research is needed to adequately determine the cause of myofascial pain, trigger 

points, and their connection to centrally mediated pain issues.  Clinicians however should 

not shy away from treating trigger points to the best of their ability despite the lack of 

research on the subject.   

 

2.5.1.d.  Myospasm 

 

Myospasm is a sudden involuntary contraction of a muscle or group of muscles.  

Recent studies on myospasms have shown that they are uncommon in the muscles of 

mastication.  Also, during muscle spasm there is an increase in EMG output as the 

muscles contract.  However, no correlation has been found in studies relating the increase 

of muscle pain to EMG output (Carlson, 1993).  Muscle spasms have historically been 

used to classify muscle pain, but we may need to rethink this separate classification as 

more research is done on the subject.   

 

2.5.1.e  Centrally Mediated Myalgia 

 

Centrally mediated myalgia is characterized by a constant, chronic muscle pain 

stemming from the central nervous system.  Although centrally mediated myalgia 

originates in the CNS, the most common cause of the disorder is protracted local muscle 

soreness or myofascial (trigger point) pain (Okeson, 2003).  So a cycle of pain is created 
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where muscle dysfunction leads to CNS dysfunction, which cycles back to the muscles 

and results in a constant, chronic pain disorder. 

 

Although researchers do not fully understand the cause of centrally mediated 

myalgia, it appears that nuerogenic inflammation leads to release of metabolic waste 

products in the muscles.  Substances such as bradykinins and prostaglandins are released 

into the muscles and cause an increase in pain (Mense, 2003).  The release of these 

metabolic waste products is somehow coupled with vasoconstriction of the nutrient 

arteries in muscle, resulting in muscular pain (Okeson, 2011). 

 

 

2.5.2. Temporomandibular Joint Disorders 

 

Temporomandibular joint disorders result from a change in the functioning of the 

condyle-disc mechanism.  Dysfunction is usually associated with movement of the 

condyle, resulting in a clinical manifestation of clicking or catching of the joint.  These 

signs of dysfunction are probably the most common findings by clinicians examining a 

patient for dysfunction.  This dysfunction is usually repeatable, and sometimes becomes 

progressive.  Often the dysfunction includes symptoms of pain, but pain is not always 

present in temporomandibular joint disorders (Okeson, 2003). 

 

Temporomandibular joint disorders can be divided into three sub-categories 

including (1) derangements of the condyle-disc complex, (2) structural incompatibilities 
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of the articular surfaces, and (3) inflammatory disorders of the temporomandibular joint 

(Okeson, 2003). 

 

In 1960, Welden Bell referred to the first two sub-categories as disc-interference 

disorders, which include functional derangements and structural incompatibilities of the 

condyle-disc complex.  These disc-interference disorders can lead to inflammatory 

disorders of the temporomandibular joint over time, causing an increase in pain and 

dysfunction.   

 

Joint pain can come from normal joint structures that are mechanically abused 

during function.  Pain also arises from impingement of tissues, and inflammation of the 

tissues.  Pain resulting from inflammation is generally a dull, constant pain, whereas pain 

from normal structures or impingements is sharp, sudden, and intense in nature (Okeson, 

2011). 

 

Joint dysfunction is extremely common in temporomandibular joint disorders, 

representing a disruption of the condyle-disc complex resulting in some sort of abnormal 

sound.  The most common sound is a click, which is a single event of short duration as 

the patient opens.  A louder version of a click is considered a pop.  Crepitation is more of 

a grinding feeling instead of a single event.  Also, jaw movement can result in a catching 

or lock of the complex (Okeson, 2011). 
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A click during opening is usually the result of anterior displacement of the disc.  

As the patient opens further the disc moves to a normal position.  Upon closure, another 

click may be apparent, signifying the movement of the disc back into its anterior position.  

This displacement with reduction is usually repeatable as the patient opens and closes. 

 

In some cases the disc displaces forward and there is no click upon closure, 

resulting in disc displacement without reduction.  The disc can block translation of the 

condyle in these situations, resulting in a patient unable to fully open.  Often this is 

referred to as a closed-lock position (Okeson, 2011). 

 

A cracking sound that is not easily repeated could be the result of an adhesion of 

the disc to condyle, or disc to fossa.  Adhesions can result from prolonged, static loading 

of the joint.  Adhesions can lead to a posterior disc displacement, which is not nearly as 

common as an anterior disc displacement (Okeson, 2003).  

 

Osteoarthritis or bone remodeling can result in crepitation.  A patient with disc 

displacement without reduction can experience crepitation, and it is frequently a sign of 

perforation of the disc, or issues with the retrodiscal tissues.  Once the disc is displaced, 

most commonly due to trauma, joint loading will occur on non-articular tissues posterior 

to the disc (Zhang, 1999).  These structures are well innervated and vascularized, causing 

pain and higher degrees of dysfunction.  Eventually these retrodiscal areas will 

degenerate to the point where the fossa and condyle will be bone to bone.  This will lead 

to osteoarthitis and inflammatory issues in the joint. 
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Most temporomandibular joint disorders should be managed with conservative 

means in order to reduce loading of the joint structures so that remodeling can take place 

(Brandt, 2009).  For normal function of the joint to return, it is not necessary for the disc 

to move to the same position as before.  Patient education is important, and the 

practitioner should stress ways to avoid constant, heavy contact of the joint system.  

Chewing softer foods and concentrating on avoiding grinding and clenching can be a first 

line defense against joint breakdown.  If the patient is clenching at night, an anterior 

functional appliance can be used to limit loading.  These appliances should only be used 

at night to avoid occlusal issues (Okeson, 2003).  Non-steroidal anti-inflammatory 

medications can also be used as a conservative approach to combat joint disorders.  Only 

after the conservative approaches are utilized, the practitioner can move on to more 

complex treatment considerations. 

 

 

2.6  Vitamin D Overview 

 

Vitamin D can be absorbed as cholecalciferol (vitamin D3), or ergocalciferol 

(vitamin D2) in the human body.  It is unique because vitamin D can also be synthesized 

from cholesterol in the body with the help of sunlight.  Vitamin D is commonly known as 

“the sunshine vitamin” because it is naturally produced by skin exposed to ultraviolet B 

(UVB) rays from the sun (Hollis, 2005).    
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Maintaining adequate vitamin D levels in the body is essential for healthy bones 

and teeth by promoting normal calcium and phosphorus levels.  A vitamin D deficiency 

can lead to rickets in children, or osteomalacia in adults.  Osteomalacia is the softening of 

bones due to improper mineralization caused by inadequate amounts of phosphorus 

and/or calcium in the body.  Osteomalacia is usually not as severe clinically as rickets, 

thus the distinction in the two diseases.  A person with osteomalacia often exhibits 

generalized body pain, fragile bones, and muscle weakness.  The most common cause of 

rickets and osteomalacia is vitamin D deficiency in the body (Holick, 2007). 

 

2.6.1  Vitamin D Pharmacology 

 

Vitamin D is technically not a vitamin, but more accurately a pro-hormone.  D2 

and D3 are broken down in the liver through hydroxylation to form 25-hydroxyvitamin 

D, or 25(OH)D.  This molecule is called calcidiol, which is stored in fat but has minimal 

biological activity.  This is the major circulating form of vitamin D in the blood (Lips, 

2001). 

 

25-hydroxyvitamin D is then converted in the kidneys through hydroxylation once 

more.  1,25-dihydroxyvitamin D (calcitriol) is produced, and is the most important and 

biologically active form of vitamin D.  Because this metabolite of vitamin D is 

manufactured in one place (kidneys), but circulates throughout the body to influence 

many functions through its own receptors, 1,25-dihydroxyvitamin D is classified as a 

hormone, with vitamin D2 and D3 categorized as pro-hormones.  1,25-dihydroxyvitamin 
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D has receptors throughout the body, especially in bone and intestine.  Most importantly, 

calcitriol facilitates the absorption of calcium from the intestine, and regulates calcium 

concentration (Holick, 2002). 

 

Recent discoveries of Vitamin D Receptors in tissues other than bone and 

intestine, including brain, heart, pancreas, breast, prostate, lymphocytes, and many others, 

have lead to possible applications for treating many diseases (Grant, 2002).  Diseases 

related to pain conditions will be focused on in this review, as many clinical 

investigations have linked vitamin D deficiencies to chronic pains, muscle fatigue, and 

other similar conditions (Plotnikoff and Quigley 2003; Reginster 2005; Tavera-Mendoza 

2007; Vieth 1999). 

 

2.6.2 Genetics and Vitamin D 

 

The Vitamin D Receptor (VDR) is involved in many biological processes, 

including bone metabolism, modulation of the immune response, and regulation of cell 

proliferation and differentiation (Uitterlinden et al. 2004).  Genetic alterations of the 

VDR gene could lead to important effects on the activation of genes, influencing calcium 

metabolism, cell proliferation, immune responses, and possibly having an influence on 

chronic pain syndromes. 

A polymorphism is a genetic variant that appears in at least 1% of the population.  

Modern advances in DNA sequencing now make it easier to look for allelic versions of a 

gene by sequencing samples of the gene taken from different members of a population, or 
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from a heterozygous individual (Valdivielso, 2006).   Studies to test whether a 

polymorphism occurs more frequently in a sample patient compared with a healthy 

control patient can determine if a certain gene allele is linked with the disease. Restriction 

Fragment Length Polymorphisms (RFLPs) in the Vitamin D Receptor genes use 

restriction enzymes to separate various alleles of the gene being studied.  VDR 

polymorphisms can thus be correlated with diseases. Examples of these polymorphisms 

include the Tru9I (Ye, 2000), TaqI (Morrison, 1994), BsmI (Morrison, 1992), EcoRV 

(Faraco,1989) and ApaI (Gross, 1996).  

 

So far the results in genetic research have yielded controversial conclusions in 

areas such as bone biology and Cancer research.  Studies tend to contradict each other, 

probably based on the population studied and amount of subjects used in the studies.  

However, more genetic studies in the future will start to unravel the role of Vitamin D 

Receptors in different diseases and structures in the body.  What is becoming clear is that 

the influence of the polymorphisms may not be related to changes in the protein structure, 

but to differences in stability and/or efficiency of translation of the RNA.  

Polymorphisms of the VDR may even cause changes in a totally different gene, by acting 

as a marker of  functional polymorphisms elsewhere (Valdivielso, 2006). 
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2.6.3 Vitamin D and Chronic Pain 

 

Although the relationship between pain and vitamin D deficiency is not 

completely understood, it is believed that one of the ways that pain arises is due to a lack 

of circulating calcium, or hypocalcemia.  This is caused by low levels of vitamin D, 

which creates improper bone metabolism.  Mild hypocalcemia causes an increase in 

parathyroid hormone, which can affect bone density, causing osteopenia or osteoporosis 

(Holick, 2003). 

 

As discussed earlier, osteomalacia or ricketts in children can result from low 

levels of vitamin D.  In osteomalacia, low levels of vitamin D again create hypocalcemia, 

which causes the parathyroid hormone to increase.  As a result, bone is not mineralized 

properly, and a spongy matrix is formed in the periosteal membranes.  This spongy 

matrix can absorb fluid and increase pressure in the periosteal tissues.  This increased 

pressure can cause pain, since these areas surrounding bone are heavily innervated with 

sensory pain fibers (Yew, 2002). 

 

Often times in adults osteomalacia is subclinical in nature, and recent research has 

hypothesized the link between low vitamin D levels causing subcinical osteomalacia, 

which causes dull, generalized pain conditions (Johnson, 2007).  Often these subclinical 

osteomalacia conditions go undetected clinically, and are labeled as idiopathic pain 
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syndromes by doctors.  Some researchers think this phenomenon can occur in up to 85% 

of chronic, musculoskeletal conditions (Deyo, 2001). 

 

Bone scanning of radiolabeled tracers in patients with chronic lower back pain 

termed “nonspecific” resulted in a correlation between otherwise undetectable 

abnormalities of bone metabolism and intensity of pain (Breur, 2008).  So as more 

research confirms this subclinical effect of osteomalacia causing increased pain, more 

experts are recommending that vitamin D deficiency should be a differential diagnosis for 

chronic musculoskeletal conditions such as muscle weakness, fibromyalgia, and chronic 

fatigue syndrome (Shinchuk, 2007).  No research has correlated a connection between 

vitamin D and TMD pain, but it stands to reason that a differential diagnosis of vitamin D 

deficiency causing subclinical osteomalacia may be appropriate in TMD patients. 

 

Increasing research on the role of vitamin D as a hormone in the body has found 

correlations extending beyond vitamin D’s role in bone formation.  Vitamin D receptors 

have been found in skeletal muscle, causing weakness when there is a lack of vitamin D 

(Glerup, 2000).  Vitamin D receptors have also been linked to spinal cord and brain 

structures, suggesting that vitamin D supplementation might be helpful for more reasons 

other than calcium homeostasis (Walters, 1992). 

 

Vitamin D has been shown to have anti-inflammatory properties in animal 

experiments.  This has led to further clinical investigations exploring the use of vitamin D 

supplementation in inflammatory autoimmune conditions such as Crohn’s disease 
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(Tavera-Mendoza, 2007).  These anti-inflammatory qualities of vitamin D need to be 

further researched not only to help autoimmune patients, but also musculoskeletal pain 

patients with diseases associated with inflammation.  TMD processes are believed to be 

associated with inflammation, and TMD patients might benefit from increased levels of 

vitamin D. 

 

A study of 51 patients with type 2 diabetes and chronic pain caused by diabetic 

neuropathy found that vitamin D supplementation of 2000 IU/day for 3 months lead to a 

50% reduction in pain scores (Lee, 2008).  It is interesting that vitamin D is linked to 

limiting not only musculoskeletal pain conditions, but also neuropathic conditions.  

Could there be a link between the role of vitamin D and neuropathic inflammation?   

 

Pain and mood disorders such as depression, anxiety, and seasonal affective 

disorder (SAD) are closely related in chronic pain patients.  A study with patients 

experiencing fibromyalgia found that not only pain, but also anxiety and depression were 

associated with low levels of vitamin D (Armstrong, 2007).  Another randomized study 

of patients with clinical depression compared a vitamin D supplementation group with a 

placebo group.  The vitamin D supplementation group experienced enhanced mood 

compared to the placebo (Lansdowne, 1998).  Some of this research relating vitamin D 

and non-musculoskeletal conditions may lead to correlations between brain chemistry 

and vitamin D levels.  This could possibly explain different phenomena, such as the 

common experience of feeling more tired on a rainy day, or bad weather causing the body 

to ache more than on a sunny day, where the body naturally produces vitamin D. 
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Also interesting for chronic pain patients is a possible link between vitamin D 

levels and analgesic effects.  As described earlier, chronic pain patients with centralized 

mediated conditions do not respond well to medications such as anti-inflammatories or 

opiates.  This can lead to chronic pain patients taking high doses of addictive medications 

with little pain relief.  Recent studies of a potential analgesic sparing influence of vitamin 

D in chronic pain patients may give doctors a better alternative to opioids or NSAIDS.   

 

In an animal study of rats, it was observed that vitamin D deficient animals had a 

higher pain sensitivity than the normal rats.  Also, these same vitamin D deficient rats 

developed a more rapid opiod tolerance.  Both issues of pain sensitivity and opiod 

tolerance were alleviated by vitamin D supplementation in the deficient animals 

(Bazzani, 1984).  

 

A similar study of humans in 2007 found that over half of the patients at a pain 

clinic were taking opioid medications for pain.  Out of these patients, twice as much 

morphine was required for patients exhibiting inadequate concentrations of vitamin D in 

the blood.  These vitamin D deficient patients were also taking opioids longer, and had 

poorer health perceptions compared to pain patients with higher vitamin D levels (Turner, 

2008). 

  



31 
 

 

 

 

2.6.4 Diagnosing Vitamin D Deficiency 

 

Vitamin D deficiencies seem to be correlated with musculoskeletal pain and other 

similar chronic conditions.  So how does the clinician assess the need for vitamin D 

supplementation in a chronic pain patient?  Like many other conditions, the best way to 

diagnose a possible vitamin D deficiency is from a quality medical history interview with 

the patient.  This should include dietary habits, exercise and lifestyle choices, 

medications, and possible signs of defects in bone metabolism (Smith, 2005). 

 

The clinician can review this medical history and possibly order laboratory work 

including a serum 25(OH)D, and other biological markers such as serum calcium, 

phosphate, parathyroid hormone, and alkaline phosphatase levels.  These biochemical 

markers can help determine whether vitamin D may be influencing the chronic condition, 

and 25(OH)D levels in the blood are the most common test ordered in vitamin D 

research.  These blood markers are often inconvenient, time consuming, and expensive 

for patients, and the need for such tests in everyday clinical practice warrants further 

investigation (Leavitt, 2008). 

 

Vitamin D insufficiency now appears to be much more common than previously 

thought.  According to research evidence, at least half of patients exhibit a serum 

25(OH)D concentration below 30 ng/ml, which is the lower limit of the optimal range.  
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Also, diseases such as liver disease, inflammatory bowel disease, celiac disease, Crohn’s 

disease, and cystic fibrosis can all cause lower levels of circulating 25(OH)D  (Johnson 

2007). 

 

In otherwise healthy individuals, special consideration should be given to obese 

people, dark-skinned individuals, and people living in colder climates with less direct 

sunlight (Johnson, 2007).  Also, people staying indoors and using sunblock while outside 

may be at an increased risk for vitamin D deficiency (Gostine, 2006). 

 

Vitamin D is not found naturally in food sources other than some oily fish, so the 

main way humans get adequate vitamin D is from the sun.  Also, daily multivitamins do 

not have adequate vitamin D levels.  These levels usually range from 400-800 IU, which 

now appear to be an inadequate amount of vitamin D.  While these levels may adequately 

defense ricketts or osteomalacia, more subclinical conditions now appear to need higher 

levels of vitamin D to combat (Leavitt, 2008).   

 

The US Agency for Healthcare Research and Quality maintain that a lack of 

standardization and calibration of serum 25(OH)D levels make it difficult to adequately 

suggest a precise recommendation for vitamin D supplements, since optimal levels of 

25(OH)D have not been defined (Cranney, 2007).  Thus, the Institute of Health and other 

government organizations have been slow to increase the daily required intake of vitamin 

D.  Although many studies have shown that 1000 IU/day of Vitamin D was inadequate to 
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obtain optimal 25(OH)D levels, the government has not yet changed their stance on 

vitamin D.   

 

Many studies have concluded that 2000-4000IU of vitamin D3 may ensure 

adequate blood levels (Vieth, 2005), and a review in 2007 concluded that the upper limit 

for vitamin D consumption in adults could be 10,000IU/day without increased risks for 

hypercalcemia or renal stone formation (Hathcock, 2007).  Vitamin D is an inexpensive 

supplement with minimal side effects, and it appears that as research results on the 

subject expand, so should the daily requirements for supplementation.  A conservative 

proposal by Leavitt in a review and practice guidance report in 2008 recommends 

supplementation of 2400 to 2800 IU of Vitamin D3 to start for patients with chronic 

musculoskeletal pain and fatigue conditions.  Also, based on evidence reviews, it may 

require up to nine months for supplementation to achieve maximum effect. 

 

Vitamin D research is still in its infancy, and as more reports surface, we will 

begin to gather a better understanding of how this hormone influences our bodies.  There 

is hope that Vitamin D may not only alleviate chronic pain in some individuals, but also 

solve some of the mysteries of other medical conditions.   
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CHAPTER 3 

 

 STATEMENT OF THESIS 

 

The aim of this investigation was to search the available current literature to 

determine if there is a substantial link between vitamin D and chronic pain, which would 

enable health practitioners to utilize vitamin D as a first line defense against pain.  In 

dentistry, this could lead to vitamin D supplementation as a non-invasive treatment for 

Temporo-mandibular diseases. 
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CHAPTER 4 

 

  MATERIALS AND METHODS 

 

A search of PubMed using the protocol adapted from a review by Straub, Moore, 

and McQuay, Vitamin D and Chronic Pain, was performed (2009).  Various search terms 

for vitamin D (vitamin D; vitamin D2; vitamin D3; 1,25-dihydroxyvitamin D3; 1,25-

dihydroxycholecalciferol; 25 hydroxycholecalciferol; 25-hydroxyvitamin D; alfacalcidol; 

calcidiol; calcitriol; calcifediol; calciferol; ergocalciferal; cholecalciferol); and “pain.”  

The search was continued from the last day of the Straub et. al. review, September 8
th
, 

2008.  The last search was conducted on December 5, 2012.   

 

Also, added to this search protocol were the terms: vitamin D receptor; VDR and 

“pain.”  These terms enabled a search for genetic links between vitamin D and pain.  

Vitamin D receptors have become increasingly researched in medicine in recent years, 

and should be included in a comprehensive search of vitamin D and pain connections. 

 

The limits of all PubMed searches were set to “humans.”  Bibliographies from 

PubMed articles were also searched for additional relevant publications.  Only articles 

published in English were included in the search criteria.  Studies of children were 

excluded.  Studies involving osteomalacia were included only if they related directly to 

pain.  Clinical studies were accepted if they were controlled trials, reported on 

populations with chronic pain conditions, and gave mean or median values for 25-OH 

vitamin D levels in these populations.  Studies investigating pain outcomes after vitamin 

D treatment were also included.  Genetic studies involving a correlation of specific 

vitamin D receptor genotypes and pain or inflammation were included.    

 

Data was extracted regarding study design, condition and population, patient 

characteristics, group size, types and doses of vitamin d preparation used, concurrent 

other therapy, duration of study, pain outcomes, improvement with vitamin D, and 
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adverse events.  Chronic pain was considered as a broad term in order to encompass as 

many studies as possible in this review. 
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CHAPTER 5 

 

RESULTS 

 

5.1  Database Results 

 

A PubMed database search for the criteria listed earlier resulted in 1,069 studies.  

The titles and abstracts of these articles were reviewed to determine if the inclusion 

criteria listed earlier was met.  After the exclusion criteria was used, nine relevant studies 

remained evaluating the use of vitamin D or Vitamin D Receptors in the treatment of 

chronic pain conditions.  The studies included in this review are summarized below, and 

the characteristics of these studies are in Table 1. 

 

Out of the included studies, three were considered double-blind, randomized 

controlled studies.  One study was an open-labeled controlled trial.  Also, there were two 

studies reviewed relating to Vitamin D receptors and genetic components.  Three 

systematic reviews and/or meta-analyses were included relating vitamin D and chronic 

pain. 

  

Due to the variety of research and lack of vitamin D supplementation standards, it 

proved impossible to apply any statistical analyses in this review.  Instead, the included 

articles are summarized below individually, and together create a comprehensive review 

of the current literature relating vitamin D and chronic pain conditions. 
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5.2  Results from Randomized Controlled Trials 

 

The first study reviewed was an open-label, randomized controlled trial by 

Gopinath and Danda.  The article title was “Supplementation of 1,25 dihydroxy vitamin 

D3 in patients with treatment naive early rheumatoid arthritis: a randomised controlled 

trial.”  This is the first study assessing the pain relieving action of vitamin D in relation to 

Rheumatoid Arthritis.  An open-labeled randomized trial comparing triple disease-

modifying anti-rheumatic drug (DMARD) therapy and 500 IU 1,25 dihydroxy vitamin 

D3 with calcium (59 Indian adults with Rheumatoid Arthritis) in one group ,versus 62 

Indian adults receiving triple DMARD and calcium alone in the other group. The primary 

outcome was the time to pain relief by patients' visual analogue scale (VAS), and total 

pain relief at 3 months of time.  

 

The results of this study indicated that patients receiving the vitamin D regimen 

had a statistically significant difference in pain relief compared to the control.  There was 

no significant difference in the time taken for initial pain relief between the two groups.  

Also, a 68 percent hypovitaminosis rate for vitamin D levels was found in this study for 

Indian patients with Rheumatoid Arthritis.  This rate corresponds with other similar 

studies in the literature for normal Indian prevalence.  However, there was no correlation 

between 25 hydroxy-vitamin D levels and Rheumatoid Arthritis disease activity.  
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Figure 1.  Flow chart of patients. (Supplementation of 1,25 dihydroxy vitamin D3 in 

patients with treatment naive early rheumatoid arthritis: a randomized controlled trial.)  

 

 

 

The next article reviewed was a double-blind, randomized controlled trial of non-

western immigrant women in the Netherlands titled, “Sunlight exposure or vitamin D 

supplementation for vitamin D-deficient non-western immigrants: a randomized clinical 

trial.” by Wicherts et. al.  The aim of this study was to determine whether the effects of 

vitamin D supplementation (daily 800 IU or 100,000 IU/3 months) or advised sunlight 

exposure are similar with regard to serum 25(OH)D, PTH, and alkaline phosphatase 

concentrations. The second aim was to investigate whether the effects of the different 

interventions are comparable with respect to three clinical outcomes: physical 

performance tests, functional limitations, and pain. 
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The study was performed during 6 months, between March and September, as 

these are the months where sunlight results in vitamin D synthesis in the skin at the 

latitude of the Netherlands (52ºN).  Participants were non-western immigrant women 

adults with documented vitamin D deficiency under 25 nmol/l serum 25-OHD levels.   

 

 

Figure 2.  Flow diagram of participants in this study.  (Sunlight exposure or vitamin D 

supplementation for vitamin D-deficient non-western immigrants: a randomized clinical 

trial.) 

 

 

 

This study concluded that vitamin D supplementation is more effective than 

advised sunlight exposure for treating vitamin D deficiency in non-western immigrants to 

the Netherlands.  However, no significant difference in pain outcome was observed in 

this study. 
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The next randomized, controlled study by Lasco et. al. is titled, “Improvement of 

Primary Dysmenorrhea Caused by a Single Oral Dose of Vitamin D: Results of a 

Randomized, Double-blind, Placebo-Controlled Study.”  Primary dysmenorrhea is a 

condition characterized by painful uterine cramping at the onset of menstruation, in the 

absence of any pelvic pathologic conditions.  Primary dysmenorrhea is a painful 

condition affecting almost half of menstruating women. 

 

In this study, 40 Italian women aged 18-40 years were enrolled if  (1) their 

menstrual cycles lasted 21 to 35 days, with menstruation lasting 3 to 7 days; (2) they 

experienced at least 4 consecutive painful periods in the past 6 months with the pain 

starting one day before or on the day of onset of bleeding; (3) they showed a 25(OH)D 

serum level, measured with high-performance liquid chromatography, below the upper 

limit of the lowest quartile (<45 ng/mL).  All of these patients were otherwise in good 

health, and not taking any supplements or medications.  Use of NSAIDs were permitted 

and had to be recorded in a sheet given to each woman. 

 

The women were randomly separated into two groups.  20 women received a 

single oral dose of cholecalciferol (300 000 IU/1 mL) five days before the beginning of 

their next menstrual cycle, while another 20 women received placebo.  The women were 

given a Visual Analog Scale to measure severity of pain in the two month trial.  Also, the 

women recorded any NSAID use in this time period.   
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The results indicate  a negative correlation between the pain score at baseline and 

the levels of 25(OH)D.   Also, a significant reduction of pain was observed  in the 

vitamin D group compared with the placebo group (P < .001) over the 2-month duration 

of the research. While no NSAID use was observed in the vitamin D group at 1 and 2 

months,  40% of women in the placebo group took NSAIDs at least once (P = .003). 

 

This was the first study investigating the effect of a single high dose of vitamin D 

in primary dysmenorrhea. The authors of this study concluded that the use of 

cholecalciferol in patients exhibiting pain symptoms from primary dysmenorrhea is 

beneficial, especially when exhibiting low plasmatic levels of 25(OH)D.  Also, vitamin D 

may allow these women to limit the use of NSAIDs. 

 

The final randomized controlled trial in this review is titled, “Combination of 

alfacalcidol with calcium can improve quadriceps muscle strength in elderly ambulatory 

Thai women who have hypovitaminosis D: a randomized controlled trial 

(Songpatanasilp, 2009).”  The goal of the  trial was to determine the efficacy of 

alfacalcidol and calcium on the improvement of muscle strength in ambulatory elderly 

Thai women who have hypovitaminosis D.  The study contained 72 women aged  65 

years or older, and out of this sample 42 subjects were eligible and agreed to participate 

in the study.  These subjects were randomized into two groups, one receiving calcium 

(1500 g/day) combined with alfacalcidol (0.5 mg/day). Another group received calcium 

(1500 g/day) with placebo.  Quadriceps muscle strength was measured using the 
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isokinetic dynamometer device, in order to determine if vitamin D affects muscle 

strength in the elderly women compared to calcium and placebo.   

 

After 3 months, it was determined that patients receiving the 0.5 mg of 

alfacalcidol with calcium had a statistically significant improvement in quadriceps 

muscle strength compared to placebo.  This allowed the authors to conclude that daily 

doses of 0.5 mg alfacalcidol with calcium effectively improved muscle strength in elderly 

Thai women who had low level of 25(OH)D3 compared to calcium alone. 
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5.3 Results from Genetic Studies and Systematic Reviews of Vitamin D Receptor 

and Pain 

 

In January of 2012, Cordes et. al. wrote an article titled, “Correlation of 

prostaglandin metabolizing enzymes and serum PGE2 levels with vitamin D receptor and 

serum 25(OH)2D3 levels in breast and ovarian cancer.”  In this paper, the authors say 

there is a link between vitamin D metabolism and inflammation, which should be 

considered in cancer therapy.  The aim of this study was to evaluate the expression of 

prostaglandin-metabolising enzymes, COX-2 and 15-hydroxyprostaglandin-

dehydrogenase (15-PGDH), along with the vitamin D receptor (VDR) in benign and 

malignant breast and ovarian tissues. 

 

VDR, COX-2, 15-PGDH and prostanoid receptor E2/E4 expression were 

measured using western blot analysis from tissue blood samples stored in liquid nitrogen.  

There were 68 total women aged 38-80 sampled.  22 of these women had Breast Cancer 

compared to 20 healthy controls.  Another 13 individuals had Ovarian Cancer, compared 

with 13 healthy controls.   Additionally, plasma 25(OH)(2)D(3) and PGE(2) levels were 

measured in healthy patients and cancer patients.   

 

The results of this study revealed significantly increased levels 15-PGDH and 

COX-2 in cancer tissues, while VDR expression was reduced in tissues of both types of 

cancer.  So an inverse correlation of VDR and COX-2 and 1-PGDH expression was 

demonstrated in cancer patients, suggesting a possible link between VDR, associated 

target genes and prostaglandin metabolism in both Breast and Ovarian Cancer.  The 
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authors believe that further randomized controlled trials on the use of vitamin D with and 

without NSAIDS should be conducted in cancer patients to help determine whether 

vitamin D can somehow limit inflammation in the prostaglandin pathway, thus 

decreasing pain. 

 

An August 2011 article by Lee et. al. was titled, “Associations between vitamin D 

receptor polymorphisms and susceptibility to rheumatoid arthritis and systemic lupus 

erythematosus: a meta-analysis.”   This study aimed to determine whether the vitamin D 

receptor polymorphisms confer susceptibility to rheumatoid arthritis and systemic lupus 

erythematous.  This meta-analysis was conducted on the associations between the BsmI, 

TaqI, FokI, and ApaI polymorphisms of VDR and RA or SLE.   

 

Rheumatoid arthritis is a chronic inflammatory disease involving synovial joints, 

and systemic lupus erythematosus is a human autoimmune disease. It is characterized by 

severe inflammation and organ damage.   This systematic review included a total of ten 

studies, six RA and four SLE.  The results demonstrate that the VDR FokI polymorphism 

may confer susceptibility to RA in Europeans. Also, associations were found between the 

VDR BsmI polymorphism and susceptibilities to SLE in Asians. 

 

The authors state that the results should be interpreted with caution because of the 

limited number of studies included in this meta-analysis.  They recommended that larger 

scale studies in populations with different ethnicities are necessary to explore the roles of 

the polymorphisms of the VDR gene in the pathogeneses of RA and SLE.   
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The next article reviewed was titled, “Does Vitamin D Affect Risk of Developing 

Autoimmune Disease?: A Systematic Review,” by Kriegel et. al.  A systematic review  

evaluated the evidence that vitamin D may be related to human autoimmune disease risk.   

It has been hypothesized that a deficiency in Vitamin D is an environmental trigger for 

the induction of autoimmunity, and that high-dose vitamin D supplementation 

could help prevent autoimmune diseases. 

 

 The authors conclude that insufficient data exists to support the hypothesis that 

vitamin D intake is related to the risk of developing autoimmune disease.  There have not 

been any large randomized trials of high-dose vitamin D supplements for the primary 

prevention of autoimmune diseases in a general population, and the authors state the need 

for randomized, double-blind trials in the future.   

 

 The next article reviewed is a meta-analysis of 15 studies relating the potential 

association of vitamin D receptor (VDR) gene polymorphisms with susceptibility to 

aggressive and chronic periodontal disease.  This article by Deng et. al., was titled, 

“BsmI, TaqI, ApaI, and FokI polymorphisms in the vitamin D receptor gene and 

periodontitis: a meta-analysis of 15 studies including 1338 cases and 1302 controls.” 

 

 This meta-analysis identified 15 published studies involving 1338 cases and 1302 

controls.  Ten of the studies reported on Asians, and five reported on Caucasians. Of 

these studies, 11 reported chronic periodontitis, and six reported aggressive periodontitis. 
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All of these studies were hospital-based case-control studies.  There were 12 comparisons 

for TaqI polymorphism, 10 comparisons for BsmI polymorphism, five comparisons for 

FokI polymorphism, and five comparisons for ApaI polymorphism.  Inclusion criteria can 

be observed below in Figure 3. 

 

 

Figure 3.  Periodontitis and VDR Polymorphisms Meta-analysis- identification, inclusion, 

and exclusion. 

 

 A key feature of periodontal disease is loss of alveolar bone. Many studies have 

identified potential gene polymorphisms that influence bone mineral density, and bone 

loss as they relate to osteoporosis. VDR gene polymorphisms may be a candidate gene 

for periodontitis.  This study concluded  that, (1) chronic periodontitis cases had a 

significantly lower frequency of bb genotype of BsmI in Asians; (2) chronic periodontitis 
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cases had a significantly higher frequency of AA genotype of ApaI  in Asians; (3) 

chronic periodontitis cases had a weak significantly higher frequency of TT genotype of 

TaqI in Asians.  No significant difference was found in any genotype of FokI.  No 

association was found for all the VDR gene polymorphisms examined as far as the 

aggressive form of the disease is concerned. Also, the author’s stressed future studies 

need to focus on the possible biological consequences and mechanisms of the VDR 

genetic variants, stating,  “Currently we have no indication as to the meaning and 

biological events related to this finding; functional studies and the role of the VDR need 

further research in the field of periodontology.” 

 

 The final article reviewed was also related to dentistry, and is titled, “Association 

analysis of clinical aspects and vitamin D receptor gene polymorphism with external 

apical root resorption in orthodontic patients (Fontana et. al., 2012)”  The aim of this 

study was to investigate the association of TaqI vitamin D receptor gene polymorphism 

with external apical root resorption during orthodontic treatment. 

 

 The authors of this paper explain that vitamin D is responsible for positive and 

negative control of certain genes at the level of transcription.  The VDR is a product of 

one gene, which is located on chromosome 12q13-14.  Also, genome analyses have 

uncovered over 100 polymorphisms in the vitamin D receptor gene.   

  

The methods of this investigation included 377 patients with Class II Division 1 

malocclusion, divided into 3 groups: 160 with external apical root resorption under 1.43 
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mm, 179 with external apical root resorption over 1.43mm, and  38 untreated subjects. 

External apical root resorption of  maxillary incisors was evaluated on periapical 

radiographs taken before and after 6 months of treatment. After DNA collection and 

purification, vitamin D receptor TaqI polymorphism analysis was performed by 

polymerase chain reaction-restriction fragment length polymorphism. Univariate and 

multivariate analyses verified the association of clinical and genetic variables with 

external apical root resorption, specifically correlating the TaqI polymorphism to root 

resorption. 

 

 The cause of external apical root resorption is considered to be multifactorial, 

with both mechanical and biological influences.  Genetic factors contributing to EARR 

have been studied minimally, with a weak association observed with IL1A and IL1B 

gene polymorphisms.  This study observes not only that clinical aspects of orthodontic 

treatment create root resorption, but also that  vitamin D receptor receptor TaqI 

polymorphisms were associated with EARR in orthodontic patients. 

 

 The effects of vitamin D on cells are thought to be mediated through the vitamin 

D receptor that belongs to the steroid receptor superfamily, a transcription factor 

regulating gene expression in several cell types, including osteoblasts.  In the future, 

more emphasis on VDR may lead to not only limiting effects of inflammation, but also 

influence orthodontic tooth movement through osteoblastic activity. 
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Table 1.  Characteristics of included treatment studies. 

Reference 

/study design 

Condition or 

Population 

Pt. 

Charact-

eristics 

Groups and Vit. D 

preparation used 

Other 

Therapy 

Study 

Duration 

Pain 

Outcomes 

Gopinath and 
Danda (open-
label 
randomized) 

Rheumatoid 
Arthritis (early 
RA) 

121 total, 
91F/30M, 
age 44.9 ± 
12.5 

1,25 
dihydroxyvitamin 
D3 and 1000 mg of 
calcium carbonate; 
500 IU/day (59 
people), 1000 mg of 
calcium carbonate 

(62 people)                                                                      

methotrexate, 
folic 
acidsulphasala
zine, 
hydroxychloro
quin, 
naproxen, 
ranitidine 
(Standard 
triple DMARD 

therapy) 

3 months Visual 
Analogue 
Scale, 20% 
improvement 
over standard 
DMARD 
therapy 

Wicherts et. al. 
(Double blind 
RCT) 

Non-Western 
immigrants of 
Netherlands 

211 total, 
all 
women,ag
e 
41.3±11.6 

vitamin D3 800 
IU/day, vitamin D3 
100,000 Iu/3 
months, daily 
sunlight exposure  

none 12 
months 

6 pain scale 
questions (0-
1), no sig. 
difference 

Lasco et. al. 
(Double blind 
RCT) 

Primary 
Dismenorrhea 

40 
women, 
age 18 to 
40 

300 000 IU/1 mL 
single oral dose (20 
people), placebo 
(20 people) 

 2 months Visual 
Analogue 
Scale, NSAID 
use Improved 
with Vitamin 
D.   

Songpatanasilp 
et al (RCT) 

Elderly Thai 
women 

42 
women 
over age 
65 

(group 1) calcium 
1500 g/day 
combined with 
alfacalcidol 0.5 
mg/day.   (Control 
group)  received 
calcium 1500 g/day 
with placebo. 

 12 weeks Daily doses of 
0.5 mg 
alfacalcidol 
with calcium 
effectively 
improved 
muscle 
strength in 
elderly Thai 
women who 
had low level 
of 25(OH)D3 
compared to 
calcium alone. 

Cordes et al  Breast and 
Ovarian Cancer 

68 total 
women, 
age 38-80 

Breast Cancer pts 
(22), healthy 
control (20), 
ovarian Cancer (13), 
healthy control (13) 

Vitamin D 
blood levels, 
PGE2 blood 
levels and 
protein 
analysis to 
determine 
Cox-2 and 
prostoglandin 
levels in the 
body.  VDR 
antibody 
measurement
s also used 

tissue 
blood 
samples 
stored in 
liquid 
nitrogen 

Inflammatory 
action may be 
affected by 
VDR levels 
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Lee et al (meta-
analysis) 

VDR 
polymorphisms 
and SLE and RA 
patients 

10 
different 
studies 

BsmI, TaqI, FokI, 
and ApaI 
polymorphisms of 
VDR and RA or SLE.   

   VDR FokI 
polymorphism 
may confer 
susceptibility 
to RA in 
European 
populations 
Furthermore, 
associations 
were found 
between the 
VDR BsmI 
polymorphism 
and 
susceptibility 
to SLE and LN 
in Asians. 

Kriegel et al 
(systematic 
review) 
 

Vitamin D and 
autoimmune 
disease 
correlation 

 

76 studies     prospective 
interventional 
evidence in 
humans is still 
lacking 

Fontana et al VDR 
polymorphisms 
and external 
root resorption 
in orthodontic 
pts 

377 pts 
(339 with 
ext. root 
resorption
; 38 
untreated 
pts) 

Class II div 1 pts 
divided into 3 
groups; group 1 
(severe root 
resorption), group 2 
(moderate root 
resorption, group 3 
(untreated 
subjects) 

  TaqI VDR 
polymorphism 
may be 
associated 
with EARR in 
orthodontic 
pts. 

Deng et al 
(meta-analysis) 

chronic 
periodontitis 
patients 

15 studies 1338 
cases and 1302 
controls 

 review of 
literature 

Not a pain 
study, but 
involves 
inflammation 

 

Table 1, continued. 
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CHAPTER 6 

 

DISCUSSION 

 

 Judging from the amount of research over the last four years on vitamin D and 

pain outcomes, it is evident that researchers are attempting to find a link, because it is 

relatively inexpensive, while also having limited side effects.  However, the general 

public must not jump too quickly into a new miracle cure for pain and inflammatory 

diseases.  There is a large gap between results from randomized controlled trials with 

large sample sizes, compared to less favorable research designs. 

 

 The randomized controlled trials are few and far between, with only four papers 

found out of over 1,000 articles related to vitamin D and pain over the last four years.  

Also, these randomized controlled trials are limited by the number of subjects tested.  It 

would be irresponsible for any doctor to tout vitamin D as a cure-all for chronic pain 

based on the evidence alone.   

  

However, a lack of evidence does not equal ineffectiveness.  What it means is that 

more properly controlled trials on vitamin D and different pain diseases must be 

implemented before a conclusion on vitamin D effectiveness can be determined.  Also, 

due to the lack of standardization of vitamin D treatment protocol, it is difficult to 

compare patients from one trial to the next.  In the future, experiments with standardized 

vitamin D supplementation, over a set time interval, should be implemented for 

evaluation.  There also needs to be a baseline or placebo group in these experiments for 

comparison. Quality research is important to prevent so-called “pain specialists” or 
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“natural health” gurus from citing mediocre research designs in order to sell their 

services. 

 

Genetic research on vitamin D receptors throughout the body will be prevalent in 

future vitamin D experiments.  Hopefully genetics will give us a better understanding of 

the vitamin D pathways throughout the body.  There is a definite correlation between 

vitamin D and inflammation, but the details are not known at this time.  Correlations of 

VDR polymorphisms and diseases are becoming more common in genetic research.  

With each of these advances in genetic research, we are one step closer to determining 

not only how VDRs function in different organs, but also determining how disease states 

such as cancer and autoimmune disorders are influenced on the genetic level.  For now, 

we must be content in the knowledge that vitamin D receptors somehow affect 

inflammation in a broad sense.   

 

Specifically in the dental world, genetic studies on the connection of VDRs and 

periodontitis are still in their infancy, but enough evidence exists to warrant further 

research in this area to help determine how vitamin D receptor polymorphisms influence 

bone loss.  It is not as simple as once thought, where osteomalacia could be prevented 

with vitamin D supplements.  Vitamin D needs to be thought of as a hormone with 

widespread consequences in the human body. 

 

Orthodontically, vitamin D polymorphisms are now beginning to be linked to 

external apical root resorption, which could lead to a more systemized, multifactorial 
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approach to treating patients more susceptible to EARR.  Future orthodontic research 

involving VDR polymorphisms may also give us a better understanding of the 

osteoblastic activity in bone, leading to advances in orthodontic tooth movement. 

 

Finally, the often difficult TMJ problems found in orthodontics can benefit from 

future vitamin D research.  There are no studies attempting to find a connection between 

TMD and vitamin D, and a randomized controlled trial is needed to determine if vitamin 

D supplements can influence TMD pain.   
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CHAPTER 7 

CONCLUSION 

 

 In order to understand the connection between vitamin D and different pain 

disorders, standardized controlled trials must be implemented in future research.  This 

will lead to the ability to perform systematic reviews and meta-analyses, in an attempt to 

unravel the connection vitamin D has with pain and other disease states.   

 

 Along with randomized controlled trials, future genetic research involving VDR 

polymorphisms will open windows for practitioners to better treat their patients in a safe, 

cost effective manner.  Currently, there is not enough evidence to support vitamin D 

supplementation for chronic pain patients, but hopefully continued quality research will 

lead to a breakthrough. 
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