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Over the past two decades, clinical research within the 
chiropractic profession has focused on the spine and 
spinal conditions, specifically neck and low back pain. 
However, there is now a small group of chiropractors 
with clinical research training that are shifting their 
focus away from traditional research pursuits towards 
new and innovative areas. Specifically, these researchers 
are now delving into areas such as brain injury, work 
disability prevention, undifferentiated chest pain, hip 
osteoarthritis, and prevention of pain in children and 
adolescents to name a few. In this paper, we highlight 
recent research in these new areas and discuss how 
clinical research efforts in musculoskeletal areas beyond 

Au cours des deux dernières décennies, les recherches 
cliniques dans le domaine de la chiropratique se 
concentrent sur la colonne vertébrale et les conditions 
connexes, en particulier les douleurs cervicales et 
lombaires. Toutefois, un petit groupe de chiropraticiens 
formés en recherches cliniques écarte maintenant 
les sujets de recherche habituels pour privilégier de 
nouveaux domaines novateurs. Plus précisément, ces 
chercheurs se concentrent maintenant sur différents 
sujets, notamment les lésions cérébrales, la prévention 
de l’incapacité découlant du travail, les douleurs 
thoraciques indistinctes, l’arthrose de la hanche, et 
la prévention de la douleur chez les enfants et les 
adolescents. Dans cet article, on souligne les récentes 
recherches dans ces nouveaux domaines et discute de la 
manière dont les efforts de recherche clinique réalisés 
dans les domaines musculosquelettiques au-delà de 
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Introduction
Chiropractors with clinical research training have trad-
itionally focused on the spine and its related disorders 
and especially neck and low back pain. Examples include 
the recent Decade of the Bone and Joint 2000-2010 Task 
Force on Neck Pain and Its Associated Disorders1 as well 
as several excellent randomized trials of spinal manipu-
lative therapy (SMT) for neck2 and low back pain3-5. De-
spite these and many other research successes, from 1990 
to 2010 disability from spine-related pain has significant-
ly increased, with low back pain now the leading cause 
of global disability, affecting 10% of the population or 
more than 600 million people worldwide.6 Over the same 
two decades, disability from other musculoskeletal dis-
orders has also increased by 44.6%7, and with an aging 
and increasingly sedentary society this trend is likely to 
continue and so too will the demand for improved care 
and prevention. Even patients seeking care for neck and 
low back pain rarely have pain isolated to just the spine 
and frequently report co-occurring non-spinal pain, not to 
mention other co-morbid diseases.8 Chiropractors already 
commonly manage a variety of musculoskeletal disorders 
and at different anatomical sites, not just those related to 
the spine. Taken together, these facts provide a good basis 
to promote the growth of clinical research efforts in other 
non-spinal musculoskeletal areas.
 Moreover, with the growing burden of musculoskeletal 
disorders there is a need for chiropractors to become more 
involved and integrated in interdisciplinary collaborative 
research efforts aimed at improving the understanding and 
care of such complex disorders. Increasing multidisci-
plinary clinical research collaboration was among the top 
priorities in the recently published research agenda for the 
chiropractic profession in Europe.9 Further, a recent letter 
to the editor from this publication, opined that the fate of 

the chiropractic profession depends on research and edu-
cation as well as the capacity for chiropractors to function 
and thrive in interdisciplinary collaboration.10 One way 
to secure the future growth of the chiropractic profession 
may be to prioritize support for clinical research in mus-
culoskeletal areas beyond the spine and more specifically, 
clinical research that’s interdisciplinary and collabora-
tive in nature. Presently, a group of chiropractors with 
post-graduate clinical research training are involved in in-
novative, collaborative research efforts in important, but 
less traditional areas of research such as mild traumatic 
brain injury (MTBI), work disability prevention, undiffer-
entiated chest pain, hip osteoarthritis, and prevention of 
spine pain in children and adolescents to name a few. The 
aim of this commentary is twofold: to highlight recent 
findings from several examples of collaborative clinical 
research and discuss how clinical research efforts in areas 
beyond the spine can enhance the capacity for interdisci-
plinary collaboration, improve outcomes for patients and 
solidify the future growth of the chiropractic profession.

Discussion

Research Examples: MTBI
In 2004 the WHO Collaborating Centre for Neurotrauma, 
Prevention, Management and Rehabilitation (WHO Task 
Force) published the first-ever systematic review on 
the course and prognosis of MTBI.11 Ten years later, the 
International Collaboration on Mild Traumatic Brain In-
jury Prognosis (ICoMP) undertook a series of systematic 
reviews and best-evidence syntheses to update the WHO 
Task Force findings.12 This 21-member collaboration was 
led by Dr. J. David Cassidy, a chiropractor and epidemiolo-
gist, and included 5 other chiropractors as well as other top 
international clinician/research scientists in brain injury.

the spine can benefit patient care and the future of the 
chiropractic profession. 
 
 
(JCCA 2015; 59(1):6-12) 
 
k e y  w o r d s :  brain injury, work disability, chest pain, 
OA, research, chiropractic

la colonne vertébrale peuvent améliorer les soins aux 
patients et contribuer à l’avenir de la chiropratique. 
 
(JCCA 2015; 59(1):6-12) 
 
m o t s  c l é s  :  lésion cervicale, incapacité découlant 
du travail, douleur thoracique, O.P., recherche, 
chiropratique
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 Overall, the ICoMP results indicate post-traumatic 
symptoms including neck pain and headache are com-
mon sequelae after MTBI.13 Spinal-related pain appears 
strongly associated with overall MTBI recovery14 and 
reducing MTBI-associated somatic pain (e.g., spine and 
head pain) may help improve recovery. One ICoMP paper 
by Jan Hartvigsen, another chiropractor/epidemiologist 
and his colleagues showed that those suffering on-going 
MTBI symptoms after a traffic collision-related MTBI 
sought more care from allied health professionals, includ-
ing chiropractors, over the course of the first year after 
the injury.15 The overall findings from the ICoMP suggest 
that chiropractors can make important contributions, both 
from a research and a clinical perspective in the area of 
MTBI.
 Athletes are a particular group in need of better evi-
dence-informed care for sport-related concussion. 
Head-injuries to high-level athletes and the ensuing 
media attention has sensationalized issues surrounding 
concussion for the general public, including amateur and 
recreation level athletes, and this creates the potential 
for confusion and misinformation. An ICoMP system-
atic review on prognosis after sport concussion led by 
Carol Cancelliere, a chiropractor pursuing a PhD degree 
in clinical epidemiology addressed issues and concerns 
surrounding concussions in athletes, including immediate 
vs. delayed return to play, the possible risks associated 
with repeat concussions, physical and cognitive sequelae 
of concussions, and others.16 Chiropractors involved in 
the care of athletes are well-positioned to incorporate the 
ICoMP’s evidence-based findings to help make better in-
formed decisions and improve the outcome for concussed 
athletes of all levels, as well as better educate parents and 
coaches.
 Finally, prognostic research on MTBI is now shedding 
light on possible similarities between MTBI and other 
traumatic injuries. For instance, similar post-traumatic 
symptoms can occur after whiplash, or MTBI or other 
orthopedic-related injuries; these symptoms include head-
ache, dizziness, nausea, fatigue, concentration and mem-
ory problems and spinal pain, to name a few.13,14,17 This 
suggests that these symptoms are not specific or unique 
to either MTBI or whiplash, but may be a non-specific re-
sponse to trauma-related physical or psychological stress 
in general. This is underscored by the fact that predictors 
of recovery are less related to injury type, but more re-

lated to, for instance, patients’ expectations and beliefs 
about recovery.14,18 In other words, whether a patient has 
sustained a MTBI or a whiplash injury, those who expect 
to recover more slowly have a worse prognosis than those 
who are more optimistic about their recovery. In addition, 
previous research in whiplash suggests that those who 
rely on passive coping strategies recover more slowly 
than those that don’t.19 One of the ICoMP reviews iden-
tified predictors strongly associated with self-reported re-
covery after MTBI, and they appear quite similar to those 
determining whiplash recovery, or patients suffering from 
other traumatic conditions or non-specific spinal pain.13 
Further clinical research would help to develop the evi-
dence-base needed to better define the relationship be-
tween MTBI and other traumatic injuries.

Research Examples: Work Disability Prevention
Managing RTW can be difficult for clinicians because the 
determinants of RTW can be far reaching, extending well 
beyond those of the injury and may involve psychosocial 
issues such as depression and job dissatisfaction, work-
place issues such as lack of modified duties, unsupportive 
supervisor and co-workers and insurance issues such as 
complicated compensation programs and delayed bene-
fits.20-23 With various influences on the RTW process, a 
multidisciplinary rehabilitation approach using clinical 
and occupational interventions can be beneficial. One 
of us (JK) developed and designed a coordinated and 
tailored work rehabilitation (CTWR) program that was 
later tested in a randomized controlled trial in Denmark. 
The trial compared the effectiveness of the CTWR pro-
gram to conventional case management and included an 
interdisciplinary team of chiropractors and others that 
collaboratively screened and tailored RTW specific re-
habilitation plans for participants.24 Overall the CTWR 
group showed reduced sickness-absence-hours after 6 
months and the results indicate that effective CTWR rec-
ommendations include psychological therapy to address 
RTW barriers, promoting workplace supervisor support 
and attending roundtable work-related discussions. This 
important piece of clinical research highlights how chiro-
practors can be effective multidisciplinary RTW team 
members, skilled in effectively guiding injured workers 
back to sustained employment. Dr. Patrick Loisel a lead-
ing WDP researcher, who pioneered RTW interventions at 
the workplace, largely influenced this work.25 Dr. Loisel 
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is currently offering training to chiropractors in work dis-
ability prevention through the Canadian Memorial Chiro-
practic College.

Research Examples: Undifferentiated chest pain
An attack of acute chest pain can have many causes, not 
all of which are dire. In fact, after serious pathology such 
as myocardial infarction has been ruled out, these patients 
are often discharged from the emergency department (ED) 
with the diagnosis of undifferentiated chest pain, i.e. chest 
pain of unknown origin. Though seemingly benign, the 
pain associated with this type of chest pain and the lack 
of available treatment options makes managing these pa-
tients a challenge for medical professionals and they often 
re-present to the ED with the same problem.26 An often 
over-looked cause of acute undifferentiated chest pain is 
pain from the cervico-thoracic muscles and joints, creat-
ing a subtype of this condition termed musculoskeletal 
chest pain. A recent Danish randomized controlled trial 
by Mette Jensen Stochkendahl, a chiropractor and PhD 
clinical researcher and her colleagues compared chiro-
practic care, including SMT of the thoracic and/or cer-
vical spine to the normal self-management program for 
patients presenting to the Odense University Hospital in 
Denmark with acute musculoskeletal chest pain.27,28 The 
results demonstrated a positive change in self-perceived 
chest pain and an improved change in pain intensity in 
favour of chiropractic care. Additionally, patients receiv-
ing chiropractic care reported significantly less thoracic 
spine and shoulder-arm pain. This study suggests that 
chiropractic care may help speed recovery for patients 
with acute musculoskeletal chest pain presenting to the 
ED. While these results are indeed significant for patients, 
there are also conceptual aspects of this study important 
for chiropractors: the intervention was delivered by eight 
community-based chiropractors, making this study high-
ly relevant to those in everyday practice; it demonstrates 
how inter-professional collaboration, in this case chiro-
practic, cardiology, nuclear medicine and biostatistics 
can improve the outcomes for patients with challenging 
musculoskeletal conditions where medical treatments are 
limited or non-existent; and, this study serves as an ex-
ample of how chiropractors may play a role in an other-
wise unknown or poorly known area of musculoskeletal 
patient care.

Research Examples: OA of the hip
The societal burden of OA is substantial and estimated to 
continue to increase over the coming decades29,30 In Can-
ada alone, an estimated 4.4 million were living with the 
disease in 2010 resulting in significant reduced quality of 
life and risk of increased mortality.31,32 Contrary to popular 
belief, not all patients diagnosed with hip and knee OA will 
require joint replacement surgery. A recent study docu-
mented that only 20% of patients have had hip replace-
ment surgery up to 28 years after the initial radiographic 
diagnosis.33 Further, in primary care the average time from 
initial radiographic diagnosis until referral for an ortho-
pedic evaluation has been estimated at 82 months (i.e., 6 
years and 10 months).34 These important studies call for 
cost-effective and safe interventions for primary care pa-
tients who do not require or want an operation. The current 
evidence-based clinical guidelines for hip and knee OA35-

37 recommend an initial combined core intervention of 
non-pharmacological treatment focusing on patient educa-
tion, exercise and if indicated, weight loss. Furthermore, 
recently published clinical trials38-40 have demonstrated 
manual therapy having a clinically significant effect either 
as a mono or as co-intervention for patients with hip OA.
 Last year, a Danish multidisciplinary three-arm par-
allel group randomized clinical trial by Eric Poulsen, a 
chiropractor and PhD clinical researcher and colleagues 
demonstrated that patient education (PE) combined with 
manual therapy (MT) was more effective than usual care 
in reducing pain and improving self-reported function and 
quality of life for patients with hip OA.40 Nearly 80% of 
the patients receiving the MT + PE intervention classified 
themselves as improved versus only 22% in a group re-
ceiving only PE and 13% in the usual care groups. Even 
more, within the MT + PE group, 62% of patients experi-
enced a 25% or more reduction in pain from baseline to 
6 weeks, resulting in a number needed to treat (NNT) of 
just three. These results have important implications for 
patients: one out of every three patients who suffer OA of 
the hip would experience clinically significant reductions 
in pain after 6 weeks of a combined intervention of MT 
and a PE program. The study was completed at Oden-
se University Hospital and the University of Southern 
Denmark where chiropractors and physicians are trained 
together; the practical aspects of the project involved col-
laboration between general medical practitioners, physio-
therapists, orthopaedic surgeons and chiropractors.
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Research Examples: Prevention and early 
treatment of musculoskeletal problems in children 
and adolescents
Pain from musculoskeletal disorders can start early in 
life41,42 and children and adolescents with pain have a 
higher risk of experiencing pain as adults43. Therefore 
research into prevention and early effective treatment 
should remain a high priority for chiropractors.44 Indeed 
two Danish landmark research projects will contribute 
with important new knowledge and help to define the role 
of chiropractors in this area.45,46 One of those projects, 
the Childhood Health, Activity, and Motor Performance 
School Study (CHAMPS), which is headed by an ortho-
paedic surgeon, is a school-based study where 1,800 chil-
dren in schools in the town of Svendborg, Denmark are 
cluster randomized offering either the normal two hours 
per week of physical education or six hours of physic-
al education.46 Four chiropractors are involved in the 
CHAMPS study as PhD students and several other chiro-
practors are involved either as senior scientists and super-
visors or as clinicians. A large number of diverse research 
projects run by medical specialists from a range of fields, 
including physiotherapists and chiropractors are involved 
with this project and chiropractors will lead research that 
closely maps the occurrence and course of musculoskel-
etal problems in school children as well as evaluating the 
effect of age-specific physical education on back pain.

Conclusions
Chiropractors trained as clinical researchers are making 
substantial scientific contributions in major non-spinal 
musculoskeletal areas such as MTBI, arthritis, prevention, 
WDP and public health. These new collaborative clinical 
research examples serve to demonstrate the capacity for 
research success in clinical areas beyond the spine, which 
is encouraging news for musculoskeletal patients who 
are in need of better evidence-informed management, but 
also for the chiropractic profession, which will be able to 
play a stronger and more integrated role in improving the 
outcomes for these patients.
 A recent commentary on the global challenges for the 
chiropractic profession suggested the need to prioritize 
the limited available research funds in order to both maxi-
mize the capacity for success and achieve measureable 
outcomes clinicians can actually use.47 Over the past near-
ly 40 years, up to $80 million has reportedly been spent 

(across health professions) on the traditional research 
pursuit of determining the effectiveness of SMT for acute 
and chronic non-specific low back pain (LBP).48 SMT is at 
present a well established part of evidence-based clinical 
practice guidelines for LBP49,50 and these represent the in-
formed application of research evidence to clinical care. 
That’s not to suggest it’s time to close the book on SMT re-
search; however, to determine further effects of treatment 
will likely require research methods beyond what has been 
previously applied, including for example using advanced 
trial designs that are large enough in size to detect treat-
ment-specific effects in well-defined subgroups within 
the cluster of patients with non-specific low back pain.9,51 
This example serves to highlight the need to challenge the 
existing state of affairs and possibly for the chiropractic 
profession to establish a new clinical research priority and 
more specifically to focus on innovative and higher yield 
research investment opportunities. To start, prioritizing 
funds for clinical research, that is to say research that dir-
ectly benefits and informs the care of patients, in particular 
clinical research in other non-spinal musculoskeletal areas 
and that involves interdisciplinary collaboration may gar-
ner better and earlier returns per research dollar (i.e., out-
comes clinicians can use). With increased funding, clinic-
al researchers can continue to innovate in these and other 
non-traditional research areas, thereby benefiting patients 
and the future of the profession.
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Tuberculosis caused by Mycobacterium tuberculosis is 
a major public heath problem world-wide, particularly 
in low-income countries. Increased number of 
immunocompromised patients and immigration from 
countries where tuberculosis is endemic has resulted in 
increased number of cases in high-income countries. 
Tuberculosis can affect any organ system, but is of 
particular interest to chiropractors when it affects the 
neuromusculoskeletal system. Patients with tuberculosis 
of the neuromusculoskeletal system can present with 
mechanical low back pain or with complex neurologic 
deficits. The aim of this paper is to highlight the 
importance of considering a diagnosis of tuberculosis 
in susceptible populations and the devastating 
consequences of the disease. The epidemiology, clinical 

La tuberculose causée par le bacille de Koch représente 
un problème de santé publique important dans le 
monde, surtout dans les pays à faible revenu. Le 
nombre grandissant de patients immunovulnérables et 
l’immigration provenant de pays où la tuberculose est 
endémique entraînent une hausse des cas de maladie 
dans les pays à revenu élevé. La tuberculose peut 
toucher n’importe quel système d’organe, mais les 
chiropraticiens s’y intéressent lorsqu’elle affecte le 
système neuromusculosquelettique. Les patients atteints 
de tuberculose du système neuromusculosquelettique 
peuvent souffrir de douleurs lombaires mécaniques 
ou de déficits neurologiques complexes. L’objectif 
du présent article est de souligner l’importance 
de prendre en considération la possibilité d’un 
diagnostic de tuberculose chez les populations à 
risque, et les conséquences dévastatrices de cette 
maladie. On présente également l’épidémiologie et les 
caractéristiques cliniques de la tuberculose, ainsi que 



14 J Can Chiropr Assoc 2015; 59(1)

Tuberculosis of the neuromusculoskeletal system: a review of two cases presenting as chiropractic patients

Introduction
It is estimated that 2.3 billion people worldwide are in-
fected with tuberculosis (TB).1 Despite advances in health 
care, TB continues to be a major public health problem 
worldwide, particularly in low-income countries.1–3 In-
creased numbers of immunocompromised patients and 
immigration of people from countries where TB is en-
demic has resulted in a rise in the number of cases in 
high-income countries.3,4 Tuberculosis caused by Myco-
bacterium tuberculosis, most commonly affects the lungs 
but can affect any organ system.1–3 TB also affects the 
neuromusculoskeletal system. The spine is afflicted in 1 
to 5% of all patients infected with TB and is the most 
common site, occurring in approximately 50% of the 
cases of skeletal TB.2–5 TB of the spine or TB spondylo-
discitis is also known as Pott’s disease. It was named after 
Sir Percival Pott, a British surgeon who first described 
spinal TB and the surgical treatment of paravertebral ab-
scesses in his monograph in 1779.3,6,7 The central nervous 
system is also involved in approximately 10% of all pa-
tients with TB.8

 These two cases describe TB in two HIV-positive 
(Human immunodeficiency virus) patients. The first 
case chronicles a young male with a history of chronic 
low back pain, who presented to the chiropractic clinic 
for treatment. The second patient presented after TB in-
volving the central nervous system (CNS) was diagnosed 
and treated. This patient suffered complex sequelae as 
a consequence of the infection resulting in paraparesis. 
The aim of this paper is to emphasize the importance of 
considering tuberculosis in the differential diagnosis in 
patients presenting with presumed mechanical back pain 
and also to remind chiropractors of the devastating conse-
quences of the disease. The epidemiology, pathogenesis, 
imaging features and clinical presentation of TB will be 

presented in order to highlight the disease in order to fa-
cilitate appropriate management of these patients.

Cases:

Case 1
History: A 32-year-old male presented to the World Spine 
Care Clinic in Mahalapye, Botswana with a complaint of 
chronic low back pain. He attributed his pain to lowering 
a 50kg bag from waist height to the ground around 11 
months prior. The onset of pain was immediate. He char-
acterized the nature of his pain as a dull ache and a cramp 
down the back of his right thigh, but no neurologic symp-
toms were reported. On presentation, he reported constant 
pain and rated his pain as 10/10 on a scale of 0 to 10 (0 
representing no pain at all and 10 being the worst pain 
ever). Aggravating factors included bending, lifting and 
prolonged sitting. Lying down helped reduce the intensity 
of pain somewhat. Prior to his attending the chiropractic 
clinic, previous treatment for his pain included analgesics 
(paracetamol), non-steroidal anti-inflammatory (diclo-
fenac) injections and tricyclic antidepressant medication 
(amitriptyline). He reported no constitutional symptoms 
(fevers, weight loss or chills). Inquiry into his medical 
history revealed that he was diagnosed with HIV seven 
years ago. His last CD4 count, assessed a few months pri-
or, was 465 cells per microliter (Normal range 500-1000 
cells per microliter).
 Physical examination: Examination revealed severe-
ly restricted and painful lumbar ranges of motion, most 
notably in rotation and flexion. Kemp’s test was positive 
bilaterally. Intersegmental joint restrictions and tender-
ness were found in the lower lumbar spine from L3 to 
L5 and bilateral sacroiliac joints. Spinous percussion re-
vealed tenderness at the lower lumbar levels. His lumbar 

features and management of tuberculosis will also be 
presented to facilitate early diagnosis, appropriate 
referral and multidisciplinary care of these patients. 
 
(JCCA 2015; 59(1):13-23) 
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chiropractic

la lutte contre celle-ci, afin de favoriser un diagnostic 
précoce, le choix de ressources appropriées et les soins 
multidisciplinaires donnés à ces patients. 
 
(JCCA 2015; 59(1):13-23) 
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spine, gluteal and posterior thigh musculature were ten-
der to direct palpation. Upper and lower limb neurologic 
examination including reflexes, motor and sensory exam-
ination were within normal limits.
 Diagnostic Imaging: The patient brought in radio-
graphs, which revealed severe disc space narrowing at 
L4-5 with erosion and partial collapse of the anterior-su-
perior and anterior-inferior endplates of the L5 vertebral 
body, and to a lesser extent the inferior endplate of L4. 
In addition, prominent sclerosis of the L5 vertebral body 
was also evident. (Figure 1) Based on radiographic find-
ings consistent with infectious spondylodiscitis, the pa-
tient was referred to an orthopedic surgeon. The patient 
was started on immediate anti-tubercular therapy and re-
ferred for magnetic resonance imaging (MRI) of the lum-
bar spine.
 An MRI examination was performed two weeks later. 
The fluid-sensitive (T2-weighted) images revealed exten-
sive high signal intensity with anterior destruction and 

collapse of the L4 and L5 vertebral bodies. In addition, 
the L4-5 disc space was destroyed and a hyperintense 
inflammatory abscess extended into the anterior soft tis-
sues coursing in a subligamentous distribution resulting 
in bulging of the anterior longitudinal ligament anteriorly. 
(Figures 2A, B, C) T1-weighted images obtained follow-
ing intravenous injection of gadolinium revealed signifi-
cant enhancement of the subligamentous abscess. (Figure 
2D) The patient history combined with imaging findings 
confirmed the presence of tuberculous spondylodiscitis of 
the spine (Pott’s spine).

Case 2
History: A 40-year old male was admitted to a Toron-
to area hospital with a fever and postictal (altered con-
sciousness) status after having a seizure. Serological 
testing revealed his serum Venereal Disease Research 
Laboratory (VDRL) test and Fluorescent Treponemal 
Antibody-Absorption (FTA-ABS) test were positive, 

   
1A 1B 1C

Figure 1: 
Patient 1. Frontal (A), and lateral (B, C) radiographs reveal severe L4-5 disc space narrowing, erosion and partial 
collapse of the anterior-superior and anterior-inferior L5 vertebral endplates and to a lesser extent the inferior L4 

endplate, and prominent sclerosis of the L5 vertebral body.
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Figure 2: 
Patient 1. Fluid-sensitive (T2-weighted) 
axial (A) and sagittal (B,C) images show 
extensive high signal intensity (asterisk) 
with anterior destruction and collapse of 
the L4 and L5 vertebral endplates, L4-5 
disc space destruction, and a hyperintense 
abscess extending into the anterior soft 
tissues coursing in a subligamentous 
distribution resulting in bulging of 
the anterior longitudinal ligament 
anteriorly (arrow). T1-weighted images 
obtained following intravenous injection 
of gadolinium (D) reveals significant 
enhancement of the abscess (arrows) and 
clearly defines its subligamentous location.
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indicating neurosyphilis. At that time he was also diag-
nosed with HIV with a CD4 count of 77 cells per micro-
liter. Two weeks later, while still at the hospital the pa-
tient developed shortness of breath. He was found to have 
pleural effusion and his pleural fluid tested positive for 
Acid-Fast Bacilli, confirming pulmonary tuberculosis. He 
was started on anti-tubercular therapy and antiretroviral 
medications. During his hospital stay, he started to experi-
ence weakness in his lower extremities and subsequently 
developed a neurogenic bladder. MRI revealed a large 
plaque located on the dorsal surface of the spinal cord ex-
tending from T3 to T11 and increased signal intensity of 
the cord suggesting edema or ischemia. (Figures 3A, B) 
Multiple small tubercular granulomas were also visual-

ized on the surface of the brain and cervical spinal cord. 
The MRI also showed assimilation of the odontoid pro-
cess of C2 and the C1 vertebral body. The patient suffered 
neurologic sequelae from his disseminated TB including 
TB meningitis, TB arachnoiditis and TB granulomata.
 Follow-up one year after revealed severe pyramidal 
weakness bilaterally. Hip flexors were graded as 2/5, 
hamstrings 4/5 and ankle dorsiflexors 1/5. Other neuro-
logic findings included reduced proprioception and vibra-
tion sense at the ankles and sensory loss over the surface 
of the thoracic cage. A repeat MRI revealed anterior dis-
placement of the superior thoracic cord and posterior dis-
placement of the inferior thoracic cord. The T2-weighted 
sequences revealed a hyperintense signal with alteration 

Figure 3: 
Patient 2. T2-weighted sagittal image (A) reveals a large linear plaque 
(arrows) on the dorsal surface of the cord extending from the T3 to T11 
segments, resulting in diffuse ventral deviation and cord compression. The T2-
weighted axial image (B) shows increased signal intensity in the cord (arrows) 
due to edema or ischemia.
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of the contour of the cord, adhesions and formation of 
CSF pockets. (Figures 4 A, B)
 This patient presented to a Canadian Memorial Chiro-
practic College teaching clinic four years after his dis-
seminated TB, with complaints of neck pain, low back 
pain and headaches. His neck pain was also associated 
with radiation of pain into his left arm and into the third 
digit. He attributed the onset of his pain to his long hos-
pitalization associated with his TB. He reported the pain 
was constant and rated the intensity of his neck pain as a 
10 out of 10. Sitting for prolonged periods aggravated his 
low back pain, while movement of his neck aggravated his 
neck pain. Hot showers, acupuncture and manual therapy 
were reported to relieve his pain. His medical history is 
significant for Type 2 diabetes, HIV, neurogenic bladder, 

obstructive sleep apnea, epistaxis, dyslipidemia, hyper-
tension, cognitive impairment and anemia. Past medical 
history was significant for neurosyphilis with seizures, 
gastritis and acute respiratory distress syndrome.
 Physical Examination: Observation revealed a paretic 
gait. Active ranges of motion testing in his cervical and 
lumbar spine were painful and restricted by 25% globally. 
Upper limb neurologic examination revealed normal sen-
sation, motor strength and deep tendon reflexes (DTRs). 
Hoffman’s test (flicking terminal phalanx of the third or 
fourth digits) was positive bilaterally. Lower limb DTRs 
revealed 3+ bilaterally at L4 and 1+ bilaterally at S1. Mo-
tor strength was diminished and was rated as 3/5 at L2 
and 4/5 in L3-S1 bilaterally. Sensation, plantar reflex and 
clonus were within normal limits. Tenderness was noted 

  
4A 4B

Figure 4: 
Patient 2. T2-weighted (A) sagittal image reveals anterior displacement of 
the cord at upper segments of the thoracic with posterior displacement of 
the lower thoracic cord with hyperintensity and alteration in the contour of 
the cord (arrows). Axial T2-weighted image (B) shows posterior crowding 
of the cauda equina.



J Can Chiropr Assoc 2015; 59(1) 19

I Kanga, JA Taylor, C Jacobs, G Outerbridge

bilaterally in his lumbar and cervical paraspinal, trapezius 
and levator scapulae muscles.
 Diagnostic Imaging: Radiographs of his cervical 
spine revealed mild cervical degenerative disc disease 
and moderate foraminal stenosis at the C5-7 levels. The 
atlantoaxial articulation was anomalous with an appar-
ent os odontoideum and assimilation of the odontoid 
process ossicle with the anterior tubercle of C1. (Figure 
5) Flexion-extension radiographs revealed marked seg-
mental instability with 6 mm of translation of this anom-
alous C1 and C2 ossicle in relation to the C2 vertebral 
body.
 Diagnosis: The patient was diagnosed with mechanic-
al low back pain, degenerative disc and joint disease and 
lateral stenosis from C5 to C7, in addition to his persistent 

 
Figure 5: 
Patient 2. Lateral cervical radiograph reveals 
assimilation of a C2 os odontoideum with the C1 
anterior tubercle, degenerative joint and disc disease 
and lateral stenosis from C5 through C7.

neurologic deficits as a result of his TB, neurosyphilis and 
HIV.
 Chiropractic Management: The patient was treat-
ed with myofascial release of the cervical and lumbar 
paraspinal muscles, mobilization of the lumbar spine 
and active rehabilitation including neck and lower limb 
isometric strengthening and education. The patient re-
sponded well to chiropractic care and noticed significant 
improvement in his strength. Though still requiring a 
wheelchair for a significant amount of the time, he was 
able to use a walker for some activities of daily living and 
accomplish his daily hygiene routine without assistance.

Discussion:

Epidemiology
The global prevalence of TB is increasing at a rate of 1.1 
% per year.2,9 TB kills 1.4 to 2 million people every year 
and is second only to HIV as the leading cause of death 
from infectious disease.1,3 Countries in Africa and South-
East Asia have the greatest burden of disease globally.10 
Immigration from these regions represents the majority 
of cases in high-income countries. Risk factors for TB in-
clude advanced age, malnutrition, poor sanitation, home-
lessness, alcohol and substance abuse, immunocompro-
mised states and diabetes.2,3,11 Infection occurs through 
the respiratory tract, by inhalation of droplet nuclei. In-
dividuals with active pulmonary TB spread droplet nuclei 
when coughing, sneezing or talking. Droplet nuclei are 
able to penetrate the alveoli, where they multiply before 
spreading to various organ systems.2

Association with Immunocompromised patients
Immunocompromised patients, particularly those with 
HIV are at a higher risk of infection with TB, reactivating 
latent TB and also acquiring a concurrent pyogenic infec-
tion.3 Of the nine million new cases of active TB annually, 
13 to 15% of all cases are associated with HIV.10,12 The 
incidence rates of TB in patients with AIDS (Acquired 
Immunodeficiency Syndrome) are 500 times greater than 
in HIV-negative patients.3 HIV results in dysfunction of 
macrophage, monocyte and lymphocyte function, which 
play a pivotal role in the body’s defense against Myco-
bacterium tuberculosis.13 Patients with a CD4 count of 
less than 500 per microliter and total lymphocyte counts 
of between 1000-2000 per microliter have a comprom-
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ised immune system and are at greater risk of infection 
with TB.13 It should also be noted that certain patients 
might be immunocompromised as a result of iatrogenic 
influences. The immunoinhibitory effects of medications 
and biologic substances such as corticosteroids and an-
ti-tumour necrosis factor (TNF) biologics are well docu-
mented.14 Anti-TNF-α agents (infliximab, etanercept and 
adalimumab), used in the treatment of rheumatoid arth-
ritis, ankylosing spondylitis, psoriatic arthritis and juven-
ile idiopathic arthritis increase the risk of TB and should 
be considered in the etiology of tuberculosis infections.15

Tuberculous spondylodiscitis
Pathogenesis: The spread of TB to the vertebral column 
occurs as a result of haematogenous dissemination via 
the Batson’s venous plexus or lymphatic drainage via the 
para-aortic lymph nodes.4,11,16 Once it has reached the ver-
tebral column the infection usually arises in the anterior 
portion of the body.9 The tubercle bacillus begins gradual 
trabecular destruction and demineralization, progressing 
to the cortex, adjacent disc and vertebral body. Within the 
vertebral body a granulomatous lesion develops, com-
prised of leukocytes, caseous material, bone debris and 
tubercle bacilli.4,11,16 The collapse and wedging of mul-
tiple adjacent vertebral bodies generate the characteristic 
gibbus deformity.4,5 Paraspinal abscesses are located in 
70% of patients. Psoas abscesses are common and can ex-
tend deep to the iliopsoas fascia into the proximal thigh, 
resulting in a groin mass.11,17 Differential diagnoses for 
TB spondylodiscitis include pyogenic and fungal infec-
tions, brucellosis, compression fractures and metastatic 
disease.9,11

 Clinical Presentation: TB spondylodiscitis has an in-
sidious onset of symptoms and slow progression, making 
early diagnosis of TB fundamentally important in pre-
venting deformity and paraplegia. The mean duration be-
tween infection and clinical presentation can range from a 
few days to three years.11,18 The typical presentation of TB 
spondylodiscitis is low back pain over the affected verte-
bral bodies, low-grade fever, chills, weight loss.16 Clinical 
examination may reveal local tenderness and limitation in 
spinal motion.11 Neurologic complications such as radicu-
lar symptoms, cauda equina and paraplegia can arise from 
edema, vascular engorgement and retropulsed debris from 
vertebral body collapse.11

 Diagnostic imaging features of tuberculous spondylo-

discitis: TB spondylodiscitis occurs most frequently in 
the lower thoracic and thoracolumbar spine.9,11,16,18 Con-
ventional radiographs are not sensitive in detecting early 
TB of the spinal column, as vertebral body destruction 
is not visualized until 50% of the trabeculae have been 
destroyed, corresponding to approximately six months 
through the course of the disease.5,11 At later stages in the 
disease, loss of vertebral height, disc space narrowing, 
erosions, paravertebral masses and vertebral body col-
lapse may be visualized on the radiographs.5,11 Paraverte-
bral abscesses are often visualized as areas of soft tissue 
swelling adjacent to the spine.19 Changes on computed 
tomography (CT) and MRI are detectable as early as six 
weeks after infection.4 CT scans are particularly useful 
in revealing destruction of the vertebral endplates, frag-
mentation of the vertebral body, paravertebral calcifica-
tions and in facilitating image-guided biopsy to confirm a 
diagnosis.5,11 Calcification within the paraspinal abscess, 
seen on CT images are pathognomonic for TB.11 TB spon-
dylodiscitis can also present as isolated involvement of 
the posterior elements, infection limited to one vertebral 
segment or multiple nonadjacent vertebrae and an ivory 
vertebrae.11,17 MRI is most sensitive in revealing early 
changes within the bone and endplate and in demonstrat-
ing the extent of spinal cord compromise.5,11 TB lesions 
appear as low signal intensity on T1-weighted images and 
heterogeneous increased signal on T2-weighted images.11

Tuberculosis of the Central Nervous System (CNS).
TB of the CNS arises from haematogenous spread sec-
ondary to disease in another part of the body. CNS TB is 
the most dangerous form of systemic TB, responsible for 
high mortality and severe disability.20 Small tuberculous 
lesions or Rich’s foci develop in the meninges, surface 
of the brain or spinal cord. Growth or rupture of these 
lesions results in the numerous types of CNS tuberculo-
sis.8 Tuberculous meningitis (TBM) is the most common 
presentation of CNS tuberculosis.20 The clinical presenta-
tion of TBM includes fever, headache and altered level 
of consciousness and other meningeal signs such as neck 
stiffness, photophobia and vomiting.20

 Spinal tuberculous arachnoiditis, more common-
ly known as tuberculous radiculomyelitis (TBRM) is a 
rare complication of tuberculous meningitis and should 
be considered when a TBM patient develops spinal cord 
symptoms.21,22 TBRM is an inflammatory condition in-
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volving the arachnoid lining or leptomeninges of the spin-
al cord.21

 Pathogenesis: Three separate mechanisms may be re-
sponsible for the development of TBRM. It may result 
from 1. a primary tuberculosis lesion developed in the 
central nervous system; 2. direct extension from the ver-
tebral body; or 3. descent from intracranial TB meningitis 
(most common).21,22 The thoracic spine is most frequently 
involved, and less often the lumbar and cervical spine.22,23 
TBRM is characterized by a gross granulomatous reac-
tion with associated histiocytic proliferation, caseation 
and tubercle formation that expands and fills the space 
between the spinal dura mater and the leptomeninges.21 It 
often extends over several segments, envelops the spinal 
cord and compresses on it and the nerve roots, but does 
not penetrate into either.8,20–22 The neurologic symptoms 
experienced by patients occur as a result of direct com-
pression of the cord and ischemia.8 Ischemia often de-
velops in the spinal arteries as a result of vasculitis and 
thrombosis.20,21 Within the parenchyma of the cord syr-
ingomyelia and myelomalacia may develop as a result of 
vacuolization, atrophy, and central necrosis.21,22

 Clinical Presentation: TBRM may manifest at any point 
after infection with TB meningitis. Clinical presentation 
of TBRM includes paraparesis, paraplegia, radicular pain, 
paresthesias, muscle atrophy and neurogenic bladder.21,22 
Absence of deep tendon reflexes, weakness in the lower 
limbs and upgoing plantar response are also commonly 
seen.21 Diagnosis is based on clinical features, presence 
of tuberculous meningitis, CSF analysis and advanced 
imaging.24 CSF analysis displays an active inflammatory 
response with lymphocytosis, decreased glucose content 
and abnormally high protein levels.21

 Diagnostic imaging features of tuberculosis radiculo-
myelitis: Loculation and destruction of the subarachnoid 
space, loss of contour of the spinal cord, myelomalacia 
and adhesions (thickening, clumping or matting) of the 
nerve roots particularly in the lumbar spine are common 
MRI findings of TBRM.21 TBRM on T1-weighted images 
display increased intensity of the CSF fluid and loss of 
the contour of the spinal cord, due to increased protein 
within the CSF. Adhesions of the nerve roots may also be 
visualized. Fluid-sensitive T2-weighted images display 
increased signal intensities within the cord as a result of 
myelitis, edema and ischemia.23 During the chronic phase 
of the infection, MRI sequences may not exhibit enhance-

ment but continue to show signs of arachnoiditis such as 
the adhesions of the nerve roots. Development of syringo-
myelia and myelomalacia can also be clearly visualized 
on MRI.21,22

Management
Treatment for TB includes a combination of anti-tuber-
cular medications including isoniazid, rifampin, pyraz-
inamide, ethambutol, streptomycin, ethionamide and 
cycloserine, administered over a span of 12 to 13 months.25 
Patients with HIV treated with a course of anti-tubercular 
drugs display the same clinical, radiological and micro-
biological response as HIV-negative patients.2 Surgery 
was previously utilized as a treatment for TB, however 
it is now used more sparingly and selectively. It is used 
less for controlling disease and more for reducing or recti-
fying spinal deformities and neurologic complications.3 
The use of anti-tubercular drugs has resulted in multi-
drug resistant strains creating a further complication in 
the management of TB.26 The first patient presented in 
the late of stage of infection, after significant vertebral 
body destruction, but demonstrating only symptoms 
of mechanical low back pain. He had substantial lower 
back pain, tenderness and restriction in range of motion 
but no signs of TB such as weight loss, fever, chills or 
neurologic symptoms. The diagnosis of TB can easily be 
missed, especially in patients at early stages of infection 
with similar signs and symptoms to those of our patient, 
particularly in the absence of constitutional symptoms or 
radiographic findings of infection. When patients present 
to chiropractors with low back pain, infection, both pyo-
genic and non-pyogenic should be considered in the dif-
ferential diagnosis and should be ruled out during history 
and physical examination. Red flags suggesting a more 
serious underlying condition should also be excluded. 
Any history of constant progressive pain, past history 
of cancer, trauma, prolonged use of corticosteroids, un-
explained weight loss, fever and immunocompromised 
status warrants further investigation.27

 Our first patient presented with constant pain and HIV, 
which were subtle indicators that raised the suspicion of 
a non-mechanical cause of low back pain. The second 
patient presented with musculoskeletal pain years after 
disseminated TB. Though the patient suffered from the 
neurosyphillis prior to the onset of TB, his clinical pres-
entation and diagnostic imaging findings suggested TB 
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radiculomyelitis as the principal cause of his neurologic 
deficits. This case is an excellent reminder that TB is a 
world-wide epidemic and can result in death and disabil-
ity. It is a common differential consideration in low-in-
come countries, however its recognition is difficult in 
high-income nations. Because chiropractors encounter it 
so infrequently, it is often overlooked as a cause of back 
pain and often mistaken for metastasis or simple compres-
sion fracture owing to similar clinical presentation and 
imaging findings.16 Tuberculous spondylitis presenting 
as mechanical neck pain has been previously described 
the in the literature.28 A 21 year-old male presented to a 
chiropractic office with neck pain, stiffness and difficulty 
swallowing. Cervical radiographs taken were unremark-
able, and the patient was treated with spinal manipulation, 
trigger point therapy and stretching. Though the patient 
regained all active ranges of motion, the treatment was 
unable to alleviate the patients’ persistent tenderness in 
his suboccipital region. As a result the patient was re-
ferred to a physiatrist and subsequently hospitalized with 
a presumptive diagnosis of tuberculous spondylitis. 28

 Despite the low prevalence of TB in North America, 
these patients – especially immigrants and immunocom-
promised patients – may indeed present to our offices. 
Patients with TB spondylodiscitis present with tender-
ness, hypertonicity of the paraspinal muscles and limited 
mobility. Soft tissue therapy, education and mobilization/
manipulation of unaffected vertebral bodies may be safe-
ly applied. Affected vertebral bodies have compromised 
integrity and are a contra-indication to high-velocity 
low-amplitude spinal manipulation. Patients who are af-
flicted with CNS TB despite early treatment are often left 
with neurologic deficits including paraparesis and para-
plegia. Rehabilitation is important for these patients to 
maintain and improve strength and to treat soft tissue con-
tractures. Patients are treated with anti-tubercular drugs 
for a period of a year or longer and therefore may even 
present to our clinics while being on concurrent treat-
ment. It would be important for chiropractors to assist in 
monitoring these patients for disease progression or onset 
of new symptoms and collaborate with other health care 
professionals in the care of these patients.

Summary:
It is important to include TB as a differential diagnosis 
in elderly and immunocompromised patients and immi-

grants from areas where TB is endemic. As it is uncom-
mon in high-income countries, its recognition is often dif-
ficult and often presents with similar signs and symptoms 
as mechanical low back pain, metastasis or compression 
fractures. TB may affect multiple organ systems within 
the body, but chiropractors should be aware of the clinic-
al presentation of neuromusculoskeletal TB. Presentation 
of these two cases aims to heighten the awareness of the 
global burden of disease and remind chiropractors that 
TB may present in high-income nations as well. Further-
more, these cases emphasize the role of chiropractors in 
the diagnosis and management of the disease.
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Objective: To present an evidence-based case report on 
the prognosis of a patient with sciatica. 
 Case: A 43-year-old man presented with right-sided 
buttock and lower extremity pain and numbness of 10 
weeks’ duration. Magnetic resonance imaging revealed 
a lumbosacral disc herniation. Straight leg raise testing 
provoked the patient’s right sciatic pain, and neurologic 
examination revealed a diminished right Achilles tendon 
reflex and mild hypoesthesia along the patient’s outer 
right foot. 
 Outcome: PubMed was searched and two cohort 
studies relevant to sciatic prognosis were found. These 
articles were critically appraised for their validity, 
importance, and applicability in making a prognostic 
estimate for this particular patient. Based on the 
appraised research evidence, and the confidence 
intervals calculated therein, the overall prognosis 
for sciatic pain recovery with conservative care was 
estimated as favourable for this patient, though sensory 
recovery (even with surgical care) was not. 
 Summary: This case report illustrates how to use 
research literature in estimating the clinical prognosis 

Objectif : Présenter une étude de cas fondée sur des 
éléments probants au sujet du pronostic d’un patient 
souffrant de sciatique. 
 Cas : Un homme de 43 ans souffre de douleurs et 
d’engourdissements au niveau de la fesse droite et des 
membres inférieurs depuis dix semaines. L’imagerie par 
résonance magnétique permet de constater une hernie 
discale lombo-sacrée. Lorsqu’on lève la jambe, tenue 
droite, du patient, le mouvement provoque chez lui une 
douleur sciatique, et un examen neurologique permet 
de constater une perte de réflexe au niveau du tendon 
d’Achille droit et une légère hypoesthésie sur l’extérieur 
du pied droit. 
 Résultat : À la suite d’une recherche dans PubMed, 
on a trouvé deux études par cohortes pertinentes sur 
le pronostic sciatique. Ces études ont fait l’objet d’un 
examen critique afin de déterminer leur validité, leur 
importance et leur applicabilité en matière de pronostic 
pour ce patient. Selon les preuves de recherche évaluées 
et les intervalles de confiance calculés, on a estimé 
le pronostic global de soulagement de la douleur 
sciatique au moyen de traitements conservateurs 
comme favorable pour ce patient, mais c’est l’inverse 
pour le rétablissement sensoriel (même avec des soins 
chirurgicaux). 
 Résumé : Dans cette étude de cas, on montre la façon 
d’utiliser les ouvrages sur la recherche pour établir 
un pronostic clinique d’un patient, et l’utilité de cette 
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Introduction
Sciatica is a disorder characterized by radiating leg pain 
that follows a dermatomal pattern, accompanied at times 
by sensory symptoms.1 In about 90% of cases, it is caused 
by a herniated disc with nerve root compression, and 
generally is considered to have a favourable prognosis.1 
However, most prognostic estimates of sciatica are based 
on data from individual studies, as systematic reviews 
on this topic are scarce. Moreover, evidence regarding 
specific prognostic factors for sciatic recovery, particu-
larly in non-surgically treated patients, is conflicting.2 
For the chiropractor, communicating patient prognoses 
is nevertheless a routine part of proper informed consent 

procedure.3 Presented here in an ‘evidence-based’ format,4 
this case report will chronicle how research literature was 
used in estimating the clinical prognosis of a patient with 
a lumbar disc herniation and sciatica.

Case Report
A 43-year-old man presented with a chief complaint 
of right-sided buttock and lower extremity pain of 10 
weeks’ duration. It began two days after working out at 
the gym. The pain was constant and described as if the 
nerves in his entire leg from the buttock down were be-
ing “pulled apart,” accompanied by “numbness” along his 
right posterolateral thigh, lower leg, and foot. The pain 

for an individual patient, and how this can be useful 
towards clinical decision-making concerning treatment. 
 
(JCCA 2015; 59(1):24-29) 
 
k e y  w o r d s :  sciatica, prognosis, chiropractic, 
evidence based practice, case reports

approche par rapport aux décisions cliniques relatives 
au traitement. 
 
(JCCA 2015; 59(1):24-29) 
 
m o t s  c l é s  :  sciatique, pronostic, chiropratique, 
pratique basée sur des données probantes, études de cas

 
Figure 1. 

T2-weighted (A) and proton density (B) sagittal MR images of the patient’s lower lumbar spine showing a contained 
intervertebral disc herniation at L5-S1. Mild-to-moderate disc dessication is also evident at both the L4-5 and L5-S1 

levels. (C) T2-weighted coronal spot view of L5-S1 revealing a right paracentral disc protrusion, resulting in both 
displacement of the right S1 nerve root and intervertebral foraminal encroachment at L5-S1 on the right (arrows).
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severity was graded as a seven out of 10; and his overall 
Bournemouth Questionnaire5 score totalled 40 out of 70, 
where zero equals no disability and 70 equals complete 
disability. The buttock and lower extremity symptoms 
were most intense first thing in the morning (e.g. when 
getting out of bed). Standing up and walking around was 
somewhat palliative. Other provocative features included 
prolonged sitting and/or twisting movements (e.g. turning 
over in bed and getting in/out of a car). Two weeks earli-
er, a magnetic resonance imaging (MRI) study had been 
performed, revealing a lumbosacral disc herniation with 
impingement of the right S1 nerve root (Figure 1). Be-
cause heat therapy and over-the-counter anti-inflamma-
tories (Ibuprofen) had not provided any relief, his nurse 
practitioner had prescribed ice and a stronger anti-inflam-
matory drug (Celebrex), and referred him for chiropractic 
treatment.
 On examination, the patient’s lumbar spine range of 
motion was normal, except for some mild right-sided low 
back pain experienced during seated extension. Prone mo-
tion palpation of the lumbosacral and sacroiliac joints re-
vealed bilateral hypomobility, along with pain and gluteal 
muscle spasm on the right. Hypertonicity was also noted 
within the right quadratus lumborum muscle. The Straight 
Leg Raise test6 (at approximately 30° of hip flexion) and 
the Yeoman’s test each elicited pain and paraesthesia 
down the patient’s right leg, while the Well Leg Raise, 
Double Leg Raise, Nachlas’, and Hibb’s tests were nega-
tive. Lower limb neurologic examination also revealed a 
diminished Achilles tendon reflex on the right (graded as 
+1), as well as mild hypoesthesia along the patient’s outer 
right foot (i.e. S1 dermatome). Based on his age, history, 
physical exam, and MRI findings, the working diagnosis 
was a right-sided lumbosacral disc herniation with sciat-
ica.

Clinical Question
Cognitive dissonance refers to the mental and emotional 
responses experienced by a clinician when a patient scen-
ario calls for knowledge that he/she does not possess.7 In 
this case, the author was uncertain about the prognosis for 
recovery in a patient with a lumbar disc herniation and 
sciatica. Clinical experience had taught that the natural 
course for this condition was variable – some patients im-
proved, while others did not. Counselling such patients on 
expected outcomes, therefore, had often proved difficult. 

Adding to this uncertainty was the fact that the current 
patient had already been suffering with sciatica for 10 
weeks. As a consequence, what was the likelihood that 
his symptoms would resolve? How long would it take? 
And would conservative treatment help, or would he re-
quire surgery? To answer these questions using an evi-
dence-based approach, a more focused clinical question 
was needed.7 Because the main issue here was regarding 
prognosis, the following foreground question was posed: 
In a 43-year-old man with a lumbar disc herniation and 
sciatica, what is his prognosis for recovery with non-sur-
gical/conservative care?
 Using the mnemonic, PICO (i.e. Patient/problem, 
Intervention, Comparison, and Outcome[s] of interest),7 
this question can be broken down as follows:

 P = A 43-year-old man with sciatica.
 I = Non-surgical/conservative care.
 C = Natural course.
 O = Prognosis for recovery.

Literature Search
The best evidence to answer a clinical question about 
prognosis is a systematic review of cohort studies.8 To 
begin, therefore, a search of the English language litera-
ture (from inception to March 5, 2014; limited to human 
studies) was conducted using the PubMed database. The 
medical subject headings ‘sciatica’ and ‘prognosis’ were 
combined using the Boolean operator ‘AND’, yielding 
392 hits. After filtering the search to ‘systematic reviews,’ 
23 total citations were produced. Based on their titles and 
abstracts, two of these were deemed pertinent.2,9 Inclusion 
criteria consisted of systematic reviews of cohort studies 
containing information on the prognosis of non-surgically 
treated patients with sciatica. Studies of surgical cohorts 
were excluded. Similar searches of the Cochrane Library 
and Cumulative Index to Nursing and Allied Health Lit-
erature were conducted, but no additional articles pertin-
ent to this case were found. Therefore, two systematic re-
views on the prognosis of conservatively treated patients 
with sciatica were identified and retrieved.

Critical Evaluation of the Evidence
Atop the hierarchy of research evidence are systematic 
reviews (Table 1).10 In the review on prognosis by Pen-
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gel et al.,9 15 articles of inception cohorts with acute 
low back pain or sciatica were evaluated. Upon further 
review, however, only one of these actually included pa-
tients with sciatica. In this sample, leg pain and disability 
decreased over the first month by an average of 69% and 
57%, respectively. Unfortunately, no long-term follow-up 
data were obtained. In a more recent systematic review, 
Ashworth et al.2 evaluated seven prospective cohorts of 
non-surgically treated sciatic patients. The data on indi-
vidual prognostic factors for recovery were conflicting, 
however; and the natural course of sciatica (short-term or 
long-term) was not assessed. Therefore, both systematic 
reviews were unable to adequately answer the current 
clinical question. As a consequence, the next highest level 
of evidence for prognosis was required – that of individ-
ual cohort studies.
 For this, a quick PubMed search was conducted com-

Table 1. 
A hierarchy of research evidence 

(adapted from Haneline10).

Study designs (in decreasing order of evidence strength):

1.  Systematic reviews and meta-analyses

2.  Randomized controlled trials

3.  Cohort studies

4.  Case-control studies

5.  Case series

6.  Case reports

7.  Editorials and expert opinion

8.  Animal research and laboratory studies

bining the medical subject heading ‘sciatica’ with the 
text words ‘natural course OR inception cohort study.’ 
This produced only 14 hits, but the first one11 appeared 
quite relevant to the current case. A second paper12 from 
this same inception cohort was also found in the ‘related 
citations’ section of PubMed. Before applying the results 
from these two studies to the current patient, however, 
they were first appraised according to the standards pro-
posed by Sackett et al.7.

Are the results of these prognosis studies valid?
Both studies by Suri et al.11,12 used a prospective inception 
cohort design, and included a clearly defined sample of 
consecutive patients (n = 154) with MRI-confirmed lum-
bar disc herniation and sciatica. In order to capture those 
at a common and early point in the course of their disease, 
symptom onset upon entry to the study was 12 weeks or 
less. Patient follow-up was also sufficient, and was car-
ried out over the course of two years. Data were obtained 
for 73%, 70%, and 77% of the entire cohort for motor 
weakness, sensory deficit, and pain/disability levels, re-
spectively. (Follow-up rates >70% are within the range of 
those generally considered acceptable for epidemiologic 
cohort studies.13) The investigators also used validated 
patient-report outcome measures in their follow-up as-
sessments. To reduce bias, the questionnaires were mailed 
to each patient for completion. Finally, some prognostic 
factors for sciatic recovery were identified in both studies, 
but further validation was required. Nevertheless (based 
on the above criteria), the results of both cohort studies 
were deemed valid.

Are the valid results of these prognosis studies 
important?
The results were deemed important for two reasons. First 

Table 2. 
Calculating a confidence interval (CI) around a measure of prognosis.7

Clinical measure Standard error (SE) Calculation of SE and CI
Proportion 
(e.g. % of patients 
recovered from sciatica11)

SE = √ {p x (1-p) / n}
•  where p is proportion and 

n is number of patients

If p = 79/97 = 0.81 (or 81%)
•  SE  = √ {0.81 x 0.19 / 79} 

= 0.044 (or 4.4%)
•  95% CI is 81% ± 1.96 x 4.4%, 

i.e. 72.4% to 89.6%
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of all, they showed that the prognosis for sciatic pain and 
motor recovery with non-surgical treatment was good. 
Secondly using the data provided, 95% confidence inter-
vals (CIs) could be calculated for the results (see Table 
2). This is important from an evidence-based standpoint 
because from these, a clinician can estimate the likelihood 
of sciatic outcomes over time, including the precision of 
these prognostic estimates for an individual patient. For 
example, 81% (95% CI, 72-90%) of patients in this cohort 
experienced resolution of leg pain, defined as a pain-free 
period for ≥1 month, following non-surgical treatment.12 
The average time to resolution was six months. Extrapo-
lating these findings to the general population, one can 
be 95% confident that had the total population of sci-
atic patients with disc herniations been included in this 
study, between 72-90% of those undergoing non-surgical 
treatment would have recovered. By two years, ongoing 
muscle weakness was also reported by only 25% (95% 
CI, 15-35%) of those who, treated surgically or non-sur-
gically, had a motor deficit at baseline.11 The prognosis for 
sensory recovery was not as good, however, as 47% (95% 
CI, 32-62%) of patients with baseline deficits reported 
continuing sensory loss at two-year follow-up.11 Twenty-
five percent (95% CI, 15-35%) of those who underwent 
non-surgical treatment also reported a recurrence of leg 
pain within one year after resolution.12

Can we apply this valid, important evidence about 
prognosis in caring for our patient?
When comparing demographic and clinical character-
istics, there were many similarities between the current 
patient and the study sample12,14 including age, clinical 
features (i.e. MRI-confirmed disc herniation with sciat-
ica), duration of symptoms, and leg pain severity. Con-
servative treatment in the study sample12,14 also consisted 
of the following: education, physiotherapy, chiropractic, 
massage, over-the-counter and/or prescription drugs, and/
or cortisone injections (if necessary); a minority of pa-
tients (n = 21) were referred for surgery. Within the cur-
rent multidisciplinary context,15 the patient in this case 
would have had access to these same therapies as well. 
Based on all these factors, therefore, the results of the two 
cohort studies were deemed applicable.

Application of the Evidence
Using the aforementioned results and their calculated 

95% CIs, an estimation of the patient’s sciatic progno-
sis was made. As for his leg pain, there was between a 
72-90% chance he would recover within six months with 
non-surgical/conservative care;12 however, there was also 
between a 15-35% chance his pain would recur within a 
year.12 Concerning his sensory symptoms, there was be-
tween a 32-62% probability he would still perceive sen-
sory loss, whether treated surgically or non-surgically, 
even after two years of follow-up.11 Thus despite a chance 
of recurrence, his overall prognosis for pain recovery with 
conservative care was good, though sensory recovery 
(even with surgical care) was not as good.

Evaluation of the Outcome
Because this case report was written as part of an ‘ob-
servation-only’ clinical placement,16 the above prognostic 
estimates were not actually communicated to the patient. 
Had they been, the discussion would subsequently have 
revolved around whether to treat him conservatively or to 
refer him for surgery. Currently, there is general consen-
sus that in the absence of progressive neurologic deterior-
ation, initial sciatic treatment should be conservative for 
at least 6-8 weeks.1 Early surgery may provide a faster 
recovery of leg pain, but no clear differences in outcome 
have been shown after one or two years.1,17 Similarly, Suri 
et al.11 found no significant differences in baseline char-
acteristics or treatment outcome for patients treated sur-
gically or non-surgically. Regarding efficacy of individ-
ual conservative therapies, no one type has been shown 
to be clearly superior to another (including no treatment) 
for sciatica.18 In this case and others, therefore, clinical 
experience and patient preference – hallmarks of evi-
dence-based medicine7 – would be important features in 
the decision-making process.

Limitations
This case report has some limitations. First, only two co-
hort studies were selected for final appraisal; consequent-
ly, other articles relevant to the prognosis of sciatica and/
or disc herniations may have been omitted (e.g. Jensen et 
al.19). Second, non-response bias in the studies by Suri et 
al.11,12 could have somewhat compromised the validity of 
their results. For instance, if all non-responders in their 
study had undergone non-surgical/conservative care with-
out sciatic resolution (i.e. ‘worst-case’ scenario), only 79 
out of 133 total patients would have actually recovered 
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within that first year;12 the prognostic estimate of recov-
ery would therefore have reduced from 81% (95% CI, 72-
90%) to 59% (95% CI, 48-70%). In a ‘best-case’ scenario, 
however, if all non-responders had recovered, the recov-
ery rate would have been as high as 115 out of 133 or 87% 
(95% CI, 80-94%). Finally, the prognostic estimates in this 
case report may not be generalizable to other chiropractic 
patients or practices. For example, the study cohort11,12,14 
and current patient15 each presented within primary care 
medical facilities. Treatment in these settings may differ 
from that of more traditional chiropractic clinics. As such, 
the applicability of the aforementioned prognostic esti-
mates may be limited toward these patients.

Summary
Prognostic information that is valid, precise, and gener-
alizable can be very useful when counselling patients on 
the likely course of their disorder and/or when making de-
cisions concerning treatment.7 As for sciatica, systematic 
reviews on its prognosis are few, and further validation 
studies on prognostic factors for non-surgically treated 
patients are needed. Nevertheless, the prognoses of pain 
and sensory recovery were estimated for a patient with 
a lumbar disc herniation and sciatica, in this case using 
evidence from two individual cohort studies.
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This case report describes the chiropractic management 
of a 30-year-old female patient with severe postpartum 
pelvic pain secondary to pubic symphysis diastasis. No 
literature was found on the chiropractic management 
of postpartum symphysis pubis diastasis. The existing 
literature concerning chiropractic care for symphysis 
pubis dysfunction during pregnancy is limited and 
indicates a potential benefit. Separation of the pubic 
symphysis may include ligamentous injury to the 
sacroiliac joints and may lead to chronic pain. Pubic 
symphysis separation of 17 millimeters was present 
on digital radiograph. Management consisted of 
chiropractic adjustments, trigger point release, electrical 
stimulation, moist heat, sacroiliac belt, and specific 
stabilizing exercises. The patient’s pain improved 
immediately following treatment on the initial visit. Pain 
was reduced from 8/10 VAS at the first visit to 2/10 at 
the fourth visit. She was able to resume normal activities 
and reached a final pain level of 1/10. The diastasis was 
reduced by 7 millimeters at 14-weeks post radiograph 
for a final separation of just under 10 millimeters. 

Cette étude de cas décrit le traitement chiropratique 
d’une patiente de 30 ans souffrant de douleurs 
pelviennes post-partum secondaires à une symphyse 
pubienne avec diastasis. Aucun ouvrage n’a été trouvé 
sur le traitement chiropratique d’une symphyse pubienne 
post-partum avec diastasis. Les ouvrages au sujet des 
soins chiropratiques d’un dysfonctionnement symphyse 
pubienne durant la grossesse sont rares et indiquent 
un bienfait potentiel. La séparation de la symphyse 
pubienne peut entraîner une lésion ligamenteuse à 
l’articulation sacro-iliaque et causer des douleurs 
chroniques. Une radiographie numérique montre une 
séparation de la symphyse pubienne de 17 mm. Le 
traitement consistait à des ajustements chiropratiques, à 
un relâchement de points gâchettes, à de la stimulation 
électrique, à une chaleur humide, à une ceinture sacro-
iliaque et à des exercices adaptés de stabilisation. La 
douleur de la patiente a diminué immédiatement après 
le traitement de la première rencontre. La douleur est 
passée de 8/10 à l’EVA à la première rencontre à 2/10 à 
la quatrième rencontre. La patiente a réussi à reprendre 
ses activités habituelles et son niveau de douleur a 
diminué à 1/10. Le diastasis a diminué de 7 mm 14 
semaines après la radiographie pour une séparation 
définitive inférieure à 10 mm. On recommande une 
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Introduction
Symphysis pubis diastasis is a rare cause of pelvic pain in 
pregnancy but may be underdiagnosed.1,2 It is a complica-
tion of pregnancy and vaginal delivery in which the pubic 
symphysis separates, resulting in acute pelvic pain, and 
may lead to severe long-term consequences.1 This separa-
tion may occur during delivery from a rapid birth, forceps 
delivery, in late pregnancy or post-natal. The incidence 
has been variously estimated from 1 out of 300 to 1 of 
30,000.1-4 The pubic articulation should not exceed 8 mm 
in non-pregnant adults or 10 mm in children.5 Bahlman 
and colleagues found pubic symphysis width in pregnant 
women increased from a mean of 4 mm to a mean of 7 
mm at term, with an average increase in pubic symphysis 
width of 3 mm during pregnancy.6 Garagiola found a 
mean pubic symphysis width of 6.5 mm in women within 
24 hours of uncomplicated vaginal delivery, with widths 
ranging from 3 to 11 mm.7

 Diagnosis of diastasis is made based on symptoms and 
radiographic examination. The patient presents with pain 
and swelling. Crepitus may be present on walking. Visible 
deformity may be present on physical examination. Pubic 
symphysis separation greater than 10 to 13 millimeters on 
radiograph is diagnostic and represents a subdislocation. 
A diastasis greater than 14 millimeters indicates attendant 
damage to the sacroiliac joint.6 Conservative treatment is 
recommended, with surgery sometimes necessary for sep-
arations greater than 25 millimeters.4 Surgical treatment 
may consist of debridement or fusion. Surgical manage-
ment with plate and screws necessitates cesarean section 
in the event of future pregnancy. In the absence of ap-
propriate care, diastasis may lead to chronic pain. Sur-
gical management interferes with breast-feeding due to 
analgesics, antibiotics, and thromboembolic prophylaxis.8 
Scriven et al found a direct relation between permanence 
of the pubic separation and chronic pain. There does not 

seem to be a consensus on the natural history of pubic 
symphysis diastasis nor does the literature suggest that 
this condition is self-limiting. Pubic symphysis diastasis 
can lead to incontinence, dyspareunia, chronic pain and / 
or disability and there is little evidence to guide the clin-
ician.9 It is uncertain what percentage of patients will end 
up with poor long-term outcomes. Out of a series of nine 
patients with diastasis treated by Scriven and colleagues, 
four were pain free at last follow up, one required sur-
gical fusion, two ended up with severe disability (one in 
a wheelchair), and the rest had some combination of low 
back pain or pubic pain and / or dyspareunia.1 Due to the 
rarity of the condition and limited literature available, 
what constitutes appropriate treatment for pubic sym-
physis diastasis remains controversial.10

 Since there is a lack of literature on the treatment of 
postpartum pubic symphysis diastasis, the author re-
viewed the literature on the conservative treatment of 
postpartum pelvic pain in general to aid in his clinical de-
cision making. The evidence of treatment effectiveness 
for postpartum pelvic pain is weak.11 Various conservative 
treatments, including physiotherapy, exercises and sac-
roiliac belt, have been recommended but there does not 
seem to be a consensus. Nillson-Wikmar and colleagues 
compared home exercises, in-office exercises and sacro-
iliac belt in women with postpartum pelvic pain, finding 
improvement in all three groups with no significant dif-
ference between the groups. The authors concluded that 
home or in-office exercise provided no additional benefit 
beyond that achieved by a non-elastic sacroiliac belt and 
giving information.12 In contrast, Depledge and associates 
concluded that sacroiliac belts did not add to the results 
achieved with exercise and advice for symphysis pubis 
dysfunction.13 Haugland and colleagues found no signifi-
cant difference between a control group and those treated 
with intervention for pregnancy related pelvic pain. The 

Collaboration between obstetricians, midwives and 
chiropractors may be warranted. 
 
 
(JCCA 2015; 59(1):30-36) 
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collaboration entre les obstétriciens, les sage-femmes et 
les chiropraticiens. 
 
(JCCA 2015; 59(1):30-36) 
 
m o t s  c l é s  :  chiropratique, diastasis, manipulation 
vertébrale, douleur pelvienne post-partum, symphyse 
pubienne



32 J Can Chiropr Assoc 2015; 59(1)

Chiropractic management of postpartum pubic symphysis diastasis: A case report

intervention group was given education on ergonomics, 
exercises, pain management, and advice for daily life 
movement, pelvic belt/crutches, and information about 
delivery. The control group was free to seek other advice 
or interventions so it is possible that they may have re-
ceived benefit from other treatment or information. How-
ever, the utility of care was rated higher by patients in 
the intervention group.14 Stuge and associates compared 
specific stabilizing exercises with physical therapy with-
out specific stabilizing exercises in a long-term study on 
postpartum pelvic pain. The group that received specific 
stabilizing exercises demonstrated lower levels of pain 
and disability 2 years after delivery.11

 A literature search was conducted using the Index to 
Chiropractic Literature and PubMed. A search on PubMed 
using the keywords, “chiropractic symphysis pubis dia-
stasis,” “chiropractic symphysis pubis dysfunction” and 
“chiropractic postpartum pelvic pain” was performed. No 
previous literature was found concerning the chiropractic 
care of a patient with diastasis. Two articles describing 
three cases of pelvic pain during pregnancy were found.
 Panarello reported on the case of a 32-year-old female 
with severe pubic and groin pain that began when she was 
28 weeks pregnant. The pain caused sleep disturbance 
and difficulty sitting. The patient reported some pain re-
lief following the first chiropractic adjustment and was 
able to sleep that night. She was pain free by the fifth 
adjustment. The patient had an uncomplicated vaginal de-
livery, with no recurrence of pubic pain.15

 Howell reported on two cases of symphysis pubis dys-
function with successful chiropractic management. Treat-
ment included soft tissue therapy, pregnancy support belt, 
side-lying mobilizations, pelvic blocks and instrument-as-
sisted pubic symphysis adjustments. Postpartum rehabili-
tation exercises were done to restore muscular endurance, 
control and pelvic stability. The two patients were given 
home care advice to apply ice, stay active, move as a 
unit, stretch, use a pillow between the knees while sleep-
ing, take regular breaks from sitting and do pelvic floor 
(Kegel) exercises. Both patients were 30 weeks pregnant. 
Both patients were mostly pain free on long-term follow 
up (eleven months for one patient and twelve months for 
the other).16

Intervention and Outcome
The author has obtained the patient’s written consent to 

publish this case report. Patient care, including radio-
graphic procedures were rendered in compliance with 
applicable law.
 A 30-year-old female presented with severe pelvic pain 
seven days after giving birth to her first child by normal 
vaginal delivery at home with midwife attending. Her 
midwife referred her for chiropractic care. She had prior 
treatment by her primary care physician, who also prac-
ticed obstetrics. She was diagnosed with pelvic separation 
and was treated with ibuprofen.
 The patient described constant dull ache at the pelvic 
area with the pain feeling crushing at times. She indicat-
ed pain at the pubic and sacroiliac areas on both sides. 
She rated the pain 8/10 visual analog scale (VAS). She re-
ported: a) that the pain interfered with walking and lifting 
either leg, b) crepitus at the sacroiliac area with walking, 
c) pain at the lower back and radiating to both thighs pos-
teriorly, worse on the right, and d) paresthesia and swell-
ing at both legs with prolonged standing or sitting. The 
pain did not follow a dermatomal pattern.
 The patient’s past medical history included left knee 
surgery and tonsillectomy. She had a past history of T11 
fracture. The patient was married and worked as a mis-
sionary. Hobbies included biking, tennis and walking. 
Family history included hypertension. Review of systems 
was negative other than the chief complaint and associ-
ated symptoms already described. Medications included 
ibuprofen as necessary.
 The patient was 162.5 cm height and weighed 59 kg. 
Vital signs: pulse was 76, blood pressure was 137/89 and 
respiration rate was 20. She was alert and oriented to per-
son, place, and time, with appropriate mood and affect. 
The patient appeared in pain. Ambulation was impaired 
to the point that she required assistance from her husband 
to walk more than a few steps and her movements were 
antalgic. Straight leg raise was negative. Lower extremity 
motor was grade 5/5. Deep tendon reflexes were 2+ at the 
lower extremities. Dermatome testing at the lower extrem-
ities was normal. All lumbosacral ranges of motion were 
limited. There was tenderness and hypertonicity at the 
right sacroiliac area. Palpation revealed asymmetry and 
restriction at L4, L5, sacrum and both sacroiliac joints. 
Leg length inequality was evaluated with the patient 
in the prone and supine positions with knees extended, 
which revealed a right short leg in the prone position and 
a left short leg in the supine position. Various estimates 
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exist for the specificity, sensitivity, reliability, and clinical 
significance of leg length inequality. Shambaugh and col-
leagues demonstrated inter and intraexaminer reliability 
of the Derifield-Thompson test for leg length inequality 
to less than 3mm.17 In a review of the literature relevant 
to leg length inequality measures Mannello found that no 
definitive conclusions could be made because of the vari-
ation in estimates of reliability.18 Knutson investigated the 
relationship between supine leg length asymmetry and 
self-reported back pain in a group of 74 volunteers and 
found sensitivity of 74%, specificity 78%, and positive 
predictive value of 82%.19 Schneider et al studied the in-
terexaminer reliability of prone leg length analysis using 
two chiropractors to examine 45 patients. The authors 
found 82% interexaminer reliability for determining the 

short leg in the prone position with knees extended, with 
67% agreement for the amount of leg length inequality. 
The authors concluded that the two clinicians showed 
good reliability in determining which leg was short but 
poor reliability in measuring the exact amount of the leg 
length discrepancy.20 Triano and colleagues reviewed the 
literature concerning methods used by chiropractors to 
determine the site for manipulation, screening 2594 titles, 
with 201 articles meeting the inclusion criteria. The auth-
ors found high quality evidence supporting the use, with 
limitations, of leg length inequality to assess the pelvis, 
while the literature has not demonstrated validity for rela-
tionship to symptoms.21

 The author reviewed the radiology report from prior 
AP pelvic radiograph (single view) taken by the patient’s 

Figures 1 and 2, both without SI belt, were taken at the author’s office.

Figure 1: Pre radiograph showing 17 mm separation at 
pubic symphysis.

Figure 2: Post radiograph at 14 weeks, showing reduced 
separation at pubic symphysis to just under 10 mm.
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primary care physician at 5 days post-partum using a 
source-image distance (SID) of 40 inches. The radiol-
ogist’s report indicated a 24 mm diastasis at the public 
symphysis and indicated likely ligamentous injury to the 
sacroiliac joints. The author consulted the limited litera-
ture available and in the author’s opinion further imaging 
was necessary to assess the safety and appropriateness of 
chiropractic treatment. This was due to the severity of the 
patient’s pain, the failure of symptoms to improve with 
prior medical treatment, in consideration of the risk of 
developing incontinence, dyspareunia, chronic pain and 
disability, and due to the possible need for immediate sur-
gical referral in the event that the diastasis had increased. 
AP and lateral digital radiographs were taken of the lum-
bopelvic region at 7 days post-partum with the patient 
standing at a 40 inch SID and collimated to 14 x 17 inch-
es. Gonadal shielding was not used because it would have 
obscured part of the area of interest. For the purposes of 
this paper the patient marker and date (part of the overlay) 
were removed to maintain patient confidentiality. There 
were no bony abnormalities and no congenital anomalies 
were present. The lumbar lordosis was increased with an-
terior pelvic tilt. There was a mild left convex scoliosis at 
the lumbar spine. A 17 mm pubic symphysis separation 
was noted (Figure 1).
 The patient was diagnosed with postpartum diastasis of 
the pubic symphysis, accompanied by injury to the sac-
roiliac joints and segmental dysfunction of the lumbar, 
sacral and pelvic regions. Transcutaneous electrical nerve 
stimulation (TENS) and moist heat therapy were applied 
to the lower lumbar and sacral regions to modulate pain.
 The analgesic effect of TENS for acute pain has been 
consistently demonstrated by randomized controlled trials 
but remains controversial for specific conditions such as 
low back pain due to poor study designs and small sample 
sizes.22 A review by French et al found limited evidence 
for the common practice of applying superficial heat 
or cold for low back pain, while moderate evidence in 
a small number of trials supported the use of superficial 
heat for the short-term reduction of pain and disability in 
patients with acute or subacute low back pain. The addi-
tion of exercise further reduced pain and improved func-
tion.23 Low force chiropractic adjustments of L4, L5, sac-
rum, left and right innominate bones were done using an 
Activator (chiropractic percussive instrument). Contact 
points were the lumbar mamillary processes, sacral apex 

and ischial tuberosity. The patient was fitted for a sacro-
iliac (SI) belt. She was instructed on specific stabilizing 
therapeutic exercises, which were done in-office and in-
structions were given for home exercises. Exercises in-
cluded Kegel’s, pelvic tilt and bridge, progressing to core 
strengthening using a stability ball. Myofascial trigger 
points were found at the hip flexors by palpatory exam-
ination with the patient in a supine position with the hips 
slightly flexed. The location of the trigger points on either 
side was ascertained as the iliopsoas due to location infer-
ior to the inguinal ligament and was confirmed by asking 
the patient to actively flex the hips. Trigger points were 
identified by palpation of a localized tender point within 
a taut band of muscle and the observance of a local twitch 
response.24 Manual compression was applied until a re-
lease was felt and reduced tenderness was perceived by 
the patient. No treatment was applied directly to the pubic 
symphysis. The patient’s pain improved immediately fol-
lowing treatment on the initial visit and was reduced to 
2/10 VAS at the fourth visit. She was able to drive herself 
for the first time in approximately one month after three 
weeks of care.
 After five weeks of chiropractic care, the patient had 
a consultation with an orthopedic surgeon. She indicated 
that her condition was improving but continued to limit 
her ability to stand, walk and bend and prevented sex-
ual intercourse. She reported that chiropractic care, moist 
heat, and ibuprofen provided pain relief. The orthoped-
ist ordered an AP pelvic radiographs with and without SI 
belt, at a 40 inch SID. The diastasis was reduced to 12 mm 
without the SI belt and 8 mm with the SI belt. The ortho-
pedist recommended continuing use of SI belt, noting that 
the SI belt was effective in reducing the diastasis.
 After six weeks of chiropractic care, the patient re-
ported progressive functional improvement, with reduced 
difficulty getting up from sitting, less difficulty walking 
and climbing stairs, and less difficulty lying on her side.
 The patient returned for a follow up appointment at ap-
proximately nine weeks and was treated using Activator 
chiropractic adjustment of L5, sacrum, and the sacroiliac 
joints and home exercise recommendations. She continued 
with home exercises and the SI belt. At a fourteen-week 
follow up, she rated her pain 1/10 VAS and reported gen-
erally feeling better with return to normal activity. She 
reported soreness and tightness at the groin on squatting. 
A post AP lumbopelvic radiograph was taken per patient 
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request and because the patient expressed apprehension to 
returning to physical activity without additional imaging. 
This radiograph indicated pubic symphysis separation of 
just under 10 mm (Figure 2) (without the SI belt). The 
patient was encouraged to gradually return to normal ac-
tivity and was released to return as needed.

Discussion
Various physiotherapy methods have been recommended 
for postpartum pelvic pain but the evidence of benefit 
is weak. This patient’s care included specific stabilizing 
exercises, home care advice and sacroiliac belt, in accord-
ance with approaches described in the existing literature. 
Additionally, she was treated using specific chiropractic 
adjustments to reduce joint dysfunction at the lumbar, 
sacral and pelvic areas, using an ischial tuberosity con-
tact to correct anterior superior pelvic misalignment. In 
this case chiropractic management appears to have helped 
reduce pain, reduce pubic symphysis separation, and fa-
cilitate a return to normal activities.
 The author suggests future research to investigate 
chiropractic care for patients with pubic symphysis dia-
stasis.

Conclusion
In this case, the patient reported that chiropractic care 
was effective in reducing pain associated with pubic 
symphysis diastasis. While the author acknowledges that 
there is no way to know what intervention, if any, helped 
in this patient’s improvement or whether reduction in pain 
and decreased diastasis resulted from natural history, the 
potential for long-term pain and disability and the scarcity 
of existing literature indicate the need for further inves-
tigation. Collaboration between chiropractors, midwives, 
and obstetricians should be encouraged.
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Objective: Posterior cortical atrophy (PCA) is a 
rare progressive neurodegenerative syndrome which 
unusual symptoms include deficits of balance, bodily 
orientation, chronic pain syndrome and dysfunctional 
motor patterns. Current research provides minimal 
guidance on support, education and recommended 
evidence-based patient care. This case reports the 
utilization of chiropractic spinal manipulation, dynamic 

Objectif : L’atrophie corticale postérieure (ACP) est un 
syndrome neurodégénératif évolutif ayant des symptômes 
inhabituels, notamment un manque d’équilibre, un 
trouble d’orientation du corps, des douleurs chroniques 
et une organisation motrice dysfonctionnelle. Les 
recherches actuelles offrent peu de renseignements à 
propos du soutien, de l’éducation et des soins basés 
sur des données probantes recommandés aux patients. 
Cette étude de cas analyse l’utilisation de manipulations 
chiropratiques vertébrales, de stabilisations 
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neuromuscular stabilization (DNS), and other adjunctive 
procedures along with medical treatment of PCA. 
 Clinical features: A 54-year-old male presented 
to a chiropractic clinic with non-specific back pain 
associated with visual disturbances, slight memory 
loss, and inappropriate cognitive motor control. After 
physical examination, brain MRI and PET scan, the 
diagnosis of PCA was recognized. 
 Intervention and Outcome: Chiropractic spinal 
manipulation and dynamic neuromuscular stabilization 
were utilized as adjunctive care to conservative 
pharmacological treatment of PCA. Outcome 
measurements showed a 60% improvement in the 
patient’s perception of health with restored functional 
neuromuscular pattern, improvements in locomotion, 
posture, pain control, mood, tolerance to activities of 
daily living (ADLs) and overall satisfactory progress 
in quality of life. Yet, no changes on memory loss 
progression, visual space orientation, and speech were 
observed. 
 Conclusion: PCA is a progressive and debilitating 
condition. Because of poor awareness of PCA by 
physicians, patients usually receive incomplete 
care. Additional efforts must be centered on the 
musculoskeletal features of PCA, aiming enhancement 
in quality of life and functional improvements (FI). 
Adjunctive rehabilitative treatment is considered 
essential for individuals with cognitive and motor 
disturbances, and manual medicine procedures may be 
consider a viable option. 
 
 
 
 
 
(JCCA 2015; 59(1):37-45) 
 
k e y  w o r d s : chiropractic, spinal manipulation, 
neurodegenerative disease, physical and rehabilitation 
medicine

neuromusculaires dynamiques et d’autres procédures 
d’appoint connexes au traitement médical de l’ACP. 
 Caractéristiques cliniques : Un homme de 54 ans 
s’est présenté à une clinique de chiropratique avec des 
douleurs lombaires non précisées, des troubles de la 
vue, de légères pertes de mémoire et un contrôle cognitif 
moteur inadéquat. Après un examen clinique, une IRM 
du cerveau et une tomographie par émission de positons, 
l’ACP a été diagnostiquée. 
 Intervention et résultats : On a utilisé des 
manipulations chiropratiques vertébrales et des 
exercices de stabilisation neuromusculaire dynamique à 
titre de soins d’appoint au traitement pharmacologique 
conservateur de l’ACP. Selon l’évaluation des résultats, 
le patient voit une amélioration de sa santé de l’ordre 
de 60 %, soit le retour des fonctions neuromusculaires, 
l’amélioration de la locomotion, la posture et l’humeur, 
une diminution de la douleur, la capacité à réaliser 
les activités de la vie quotidienne, et une satisfaction 
d’ensemble de la progression de la qualité de vie. 
Toutefois, on n’a pas observé d’amélioration sur le plan 
de la progression de la perte de la mémoire, l’orientation 
visuelle dans l’espace et la parole. 
 Conclusion : L’ACP est un trouble progressif et 
débilitant. Souvent, les patients souffrant d’ACP ne 
reçoivent pas tous les soins dont ils ont besoin, car les 
médecins connaissent mal ou ne connaissent pas l’ACP. 
On doit investir plus d’efforts dans les caractéristiques 
musculosquelettiques de l’ACP dans le but d’améliorer 
la qualité de vie et la fonctionnalité. Le traitement 
d’appoint de réadaptation est considéré comme essentiel 
aux patients atteints de troubles cognitif et moteur, et 
il convient de considérer les procédures de médecine 
manuelle comme étant une option viable. 
 
(JCCA 2015; 59(1):37-45) 
 
m o t s  c l é s  :  chiropratique, manipulation vertébrale, 
maladie neurodégénérative, médecine physique et de 
réadaptation
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Introduction
Posterior cortical atrophy (PCA) is a rare progressive 
neurodegenerative syndrome characterized by deficits in 
higher-order visual processing, in which memory, judg-
ment and insight is preserved.1 This disorder may be con-
sidered a variant of Alzheimer disease, but can also result 
from corticobasal degeneration, Creutzfeldt-Jakob, de-
mentia with Lewy bodies and/or subcortical gliosis. Typ-
ically, the age of onset for PCA is 50-65 years old. How-
ever, prevalence and incidence are unknown. Further-
more, etiology often remains uncertain until postmortem 
examination.2 Clinical features of PCA constitute a wide 
variety of signs and symptoms; nevertheless, the most fre-
quent include hemiagnosia (deficit in awareness of one 
side of space), optic ataxia (lack of coordination between 
visual inputs and hand movements, resulting in inability 
to reach and grab objects), visual agnosia (an impairment 
in recognition of visually presented objects), alexia (dif-
ficulty to understand written words), acalculia (difficulty 
with simple mathematical tasks), and agraphia (loss in the 
ability to communicate through writing).3 Functions relat-
ed to the parietal, occipital, and occipitotemporal regions 
of the brain may be affected, and may include left-right 
disorientation, language skills, and space perception defi-
cits.1-3 Some unusual symptoms are potentially linked to 
different brain arrangements, such as visuovestibular and 
pontinomedullary reticular formation interactions, evok-
ing a wide range of phenomena, including disturbance 
of balance, bodily orientation, chronic pain syndrome, 
decomposition of motion and dysfunctional motor pat-
terns.3-4 Early identification and increased awareness is 
key for appropriate management of PCA, since the con-
dition is debilitating and rapidly progressive in its early 
years. Nevertheless, current research provides minimal 
guidance on support, education and recommended evi-
dence-based patient care.5 Benson and colleagues1 recog-
nized the clinical presentation of PCA for more than 2 
decades and yet, compared to other conditions, it is essen-
tially overlooked by researchers and clinicians.
 Therefore, the aim of this study is to describe the case 
of a 54-year-old male with PCA who sought chiropractic 
care, as well as how the condition was co-managed along 
with conservative pharmacological care.

Case report
A 54-year-old male sought care for musculoskeletal pain 

associated with stiffness, and tightness in his neck and 
back. The symptoms began 6 months earlier. About that 
time, he noticed he was bumping into things, forgetting 
familiar faces, and was having difficulty reaching out to 
pick up and grasp objects. Activities such as tying his 
shoes and balancing his cheque book were becoming pro-
gressively more difficult. His symptoms were primarily 
affecting activities of daily living (ADLs), such as the 
ability to drive, perform household chores, dress, and his 
leisure activities. Family members also reported fluctua-
tions with mood and behavior. Previous medical history 
was unremarkable, except for a triple bypass surgery in 
the past.
 Upon physical examination performed by the chiro-
practic physician, satisfactory mental status was accom-
plished via the mini-mental status test. However, de-
creased nasal field, and peripheral vision, mainly in the 
left eye, was noted. Along with reported blurred vision 
during eye examination. Glabellar reflex (tap sign) pro-
duced persistent response only in his right eye, and finger 
snap activation in the auditory canal activated bilateral 
blink response on his right ear, and only right blink re-
sponse (unilateral) on the left ear. Eye movements were 
conjugated, but he was unable to follow the examiner 
with increased speed and specific smooth pursuits, eyes 
opposite and prosaccade eye exercises were conducted. 
During the neurological exam, strong concentration and 
reinforcement was required due to difficulty regarding 
right-left discrepancy. Presence of hyper-reflexive knee 
jerks (+3) bilaterally, grossly intact plantar reflex, and 
sensory examination was found. Manual muscle testing 
indicated very mild left upper extremity flexor angula-
tion and lower extremity extensor angulation. Bilateral 
increase pronator drift and right-sided wrist cogwheel 
rigidity was noted. Hoffman’s sign was positive bilateral-
ly. Other pathological reflexes were negative. Inability 
to perform finger-to-nose on the left, and difficulty with 
graphognosia, barognosia and sterognosia testing were 
noted. Spinal exam revealed overall loss of flexibility and 
range of motion in all planes, with anterior head carriage, 
and hyperkyphotic antalgic posture. Diffuse superficial 
tenderness to palpation in the back with spinal core stabil-
izers weakness and joint hypomobility was found. Func-
tional motor pattern analysis revealed mild akathisia and 
deconditioning syndrome.
 Spinal radiographs showed multilevel cervicothoracic 
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spine degenerative disc/joint disease, reduction of lordot-
ic curve and moderate anterior head carriage. The neur-
ologist ordered first a magnetic resonance image (MRI) 
of the brain (see Figure 1 and 2), which revealed mild 
ventricle enlargement due to ex vacuo dilatation second-
ary to the diffuse, primarily parieto-occipital cortical atro-
phy. In addition, a positron emission tomography (PET) 
study was performed, which indicated lack of radiotracer 
uptake in the parieto-occipital cortices bilaterally, more 
pronounced and with a larger volume of involvement on 
the right (see Figure 3). This study was performed to de-
termine the areas of the brain that were not functioning 
properly. The clinical diagnosis of posterior cortical atro-
phy (PCA) was accomplished after a thorough investi-
gation, with corroborative findings from the neurologist 
consult. Communication between the neurologist and the 
chiropractic physician regarding exchange of records, 
treatment and outcomes occurred several times. The neur-
ologist recommended daily dosage of Donepezil, a com-
mon medication prescribed for Dementia-like symptoms, 
which is standard of care for PCA, and regular follow-up 
regarding the condition’s prognosis. The patient decided 
to adhere to the suggestion, and also pursue chiropractic 

 
Figure 1. 

Coronal plane; Brain magnetic resonance imaging 
(MRI) revealing enlarged ventricles

 
Figure 2. 

Transverse plane; Brain magnetic resonance imaging 
(MRI) revealing enlarged ventricles

 
Figure 3. 

Brain positron emission tomography (PET) scan with 
FGD radiotracer. Brain positron emission tomography 
(PET) scan revealing lack of radiotracer uptake in the 
parieto-occipital cortices bilaterally, more pronounced 
and with a larger volume of involvement on the right.
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manipulative therapy and musculoskeletal rehabilitation 
hoping to enhance his neuromuscular function.
 Our treatment consisted of manual medicine and re-
habilitation procedures focused on the neuromuscular 
features of PCA, in a 42-week period initially, and then 
another 13-week period. Frequency and duration of treat-
ments were variable throughout these periods. At times, 
visits were twice a week, others once every two weeks 
due to conflicting schedule. Treatment visits consisted of 
the use of vibratory stimuli therapy over the distal extrem-
ities (to enhance vibratory and proprioceptive input to the 
CNS), with the use of a 128htz tuning fork pre and post 
high-velocity low-amplitude (HVLA) spinal manipula-
tion. Proprioceptive retraining exercises standing on bal-
ance training ball performing finger-nose exercise and 
catching various size objects was also incorporated. DNS 
therapy was performed in the supine and prone position, 
with 2 or 3 doctors asking the patient to perform specific 
motor pattern motions, average approximately 12 minutes 
(see Figure 4, 5 and 6). At-home therapeutic exercises for 
thoracic extension, and hamstrings/adductor stretch-hold 
exercises were encouraged.
 Progress evaluation focused on functional improve-

 
Figure 4. 

Dynamic Neuromuscular Stabilization (DNS) procedure 
utilizing crawl position 1 with treatment points. This is 
not the actual patient, rather only a model illustration 

about the procedure sequence.

 
Figure 5. 

Dynamic Neuromuscular Stabilization (DNS) procedure 
utilizing crawl position 2 with treatment points. This is 
not the actual patient, rather only a model illustration 

about the procedure sequence.

 
Figure 6. 

Dynamic Neuromuscular Stabilization (DNS) procedure 
utilizing crawl position 3 with treatment points. This is 
not the actual patient, rather only a model illustration 

about the procedure sequence.
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ments (FI) involving activities such as the ability to 
drive, dress, perform household chores, climb stairs, play 
golf, motor behavior, and overall global health status. 
The response to the DNS therapy, and proprioceptive 
exercises was used every visit to monitor progress. In a 
10-month period, the Health Status Questionnaire (HSQ) 
demonstrated a 38% functional improvement. Within a 
13-month period, HSQ and Back Bournemouth Question-
naire (BBQ) demonstrated a 60% improvement, which is 
extremely significant regarding musculoskeletal pain and 
FI. These two outcome measurements are a short, self-re-
ported questionnaire that measures objective improve-
ments with different dimensions in patients with muscu-
loskeletal pain, aiming pain and disability, but also takes 
the affective and cognitive aspects of pain into account. 
They are well known for their validity, reliability and re-
sponsiveness. Likewise, functional impairments previous 
noted, such as inability to play golf, self-care (dressing), 
climbing stairs and motor control were enhanced. Better 
control of involuntary motion, right and left discrimina-
tion, and refined motor skills for reaching objects were 
observed. No progression in memory loss, space orienta-
tion, and speech disturbances was observed.
 Significant functional improvement of neuromuscu-
loskeletal control and pain was accomplished. Altered 
movement patterns between agonists and antagonists sec-
ondary to dysfunctional sensory inputs were restored with 
improvement in the synergistic function between differ-
ent muscle groups and fasciae. In this case, the integration 
of chiropractic care with DNS resulted in a number of 
remarkable musculoskeletal restorations, with improved 
mechanics and tolerance to activities of daily living. The 
patient was encouraged to continue with conservative 
care, in addition to daily routine of exercise, and active 
rehabilitative program.

Discussion
PCA is a progressive, debilitating, condition character-
ized by difficulties in visuospatial tasks, writing, and 
motor control.6 The loss of cognitive motor function 
related to PCA, and the presence of prominently asym-
metric limb apraxia, illustrates an uncommon feature of 
this syndrome.7 Musculoskeletal examination in most 
cases is unremarkable; however, severe progressive vis-
ual and cognitive findings are common. According to Kas 
and colleagues8, the visual symptoms are perhaps more 

likely to be detected than other deficits due to its greater 
impairment level, nevertheless, neuromuscular dysfunc-
tions are equally as important to address. Because of poor 
awareness of PCA by physicians, patients usually receive 
incomplete care. Adjunctive rehabilitative treatment is 
considered fundamental for individuals with cognitive 
and motor disturbances. Special efforts must be centered 
on the neuromuscular features of PCA, and appropriate 
management with manual medicine, rehabilitation, exer-
cises and cognitive therapy is recommended as an option 
for care, aiming to enhance quality of life, and improve 
neuromusculoskeletal functional.9 According to Kolar10, 
influenced by the work of Vojta, Dynamic Neuromuscu-
lar Stabilization may be considered an adjunctive therapy 
in such cases to help enhance specific functions of the 
musculoskeletal system. Such an approach was chosen 
by the clinician as the most suitable therapy to facilitate 
passive movement patterns in this case, while enhancing 
primitive subcortical kinesiological patterns to stimulate 
appropriate neuromuscular function.
 Dynamic neuromuscular stabilization studies suggest 
that our motor behavior is predetermined. During motor 
development, characteristic muscle synergies are stored in 
the brain as a matrix, responsible for posture, locomotion, 
and movement patterns.10 The highest level of integration 
occurs at the cerebral cortex, which allows us the abil-
ity to develop new skills, refines, and predicts specific 
movements. The mechanism, which the nervous system 
responds to external stimuli and adjusts future responses 
based on previous outcomes, is defined as ‘functional 
neural plasticity,’ and its understanding is fundamental 
in the field of neuromusculoskeletal rehabilitation.10 The 
function of each part of the nervous system is dependent 
on the central integrative state of each hemisphere, which 
is determined to a large extent by the awareness of af-
ferent stimulation from the periphery. This fact supports 
the concept of functional hemisphericity, which involves 
asymmetric cortical modulation of various forms of input 
that can result in decreased postural tones, spinal stiff-
ness, pelvic floor weakness, and inhibition of the intrinsic 
stabilizer spinal muscles.10-11 The pontomedullary reticu-
lar formation receives nearly 90% of the output dedicated 
to the neuraxis and cortex modulation, ipsilaterally. The 
impact that an asymmetrical cortical output has clinic-
ally in the neuromusculoskeletal system is evident with 
symptoms such as, decrease in muscle tone ipsilaterally, 
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ipsilateral pain syndrome, generalized spinal stiffness and 
deconditioning syndrome.11,12,13

 As evidenced by the present case, this clinical pres-
entation of PCA was associated with musculoskeletal 
dysfunctions and asymmetric cortical modulation. The 
patient’s presentation with ipsilateral flexor angulation 
of upper limb, extensor angulation of lower limb, spinal 
stiffness, deconditioning, and imbalance motor patterns 
supports the application of manual medicine and rehabili-
tation as adjunctive therapeutic procedures. SMT and 
DNS were utilized focusing on movement pattern analy-
sis. According to Vacek14 if the central nervous system 
(CNS) is not functioning normally, the postural program 
will change and kinesiological analysis of postural activ-
ity and re-actions can be used to evaluate the CNS. Also, 
mobilization and manipulation of spinal joints and fascia 
may influence global movement patterns allowing higher 
levels of cortical function, stimulating appropriate cortex 
output through balanced peripheral afferent stimuli to the 
PMRF.11 Other therapeutic procedures included inhibitory 
stretching protocols to the facilitated muscles as described 
in the upper and lower cross syndrome, as well as facili-
tating exercises to increased activity in the inhibited mus-
cles.13 Balance, vibration therapy over the extremities and 
proprioception exercises using solid ground and 2-way 
wobble boards were used with eyes open and closed, to 
stimulate appropriate cortical awareness of propriocep-
tive and cerebral pathways.14,15

 According to several studies11,13,16,17, a number of path-
ways may explain the potential effects of manual medi-
cine procedures on the neuraxis, and therefore theoretic-
ally corroborate the positive neuromuscular improve-
ments in this case. These include, but are not limited to, 
exciting spinoreticular pathways and dorsal column path-
ways to the PMRF, modulation of vestibulosympathetic 
pathways and vestibulocerebellar activation of the nucle-
us tractus solitarius, dorsal motor nucleus of vagus, and 
nucleus ambiguous. Yet, spinal manipulation and affer-
ent peripheral stimulation may result in brain hemisphere 
influence via descending excitation of PMRF pathways, 
inhibitory control of IML cell column, which may alter 
central integration of the brain stem and hypothalamus 
via spinoreticular and spinothalamic afferent direct con-
nections.11 14-19 These manual medicine procedures tend 
to facilitate global stability and enhance musculoskeletal 
functional patterns addressing a number of anatomical 

structures that help maintain appropriate neuromuscular 
stimulation. Mechanoreceptors, proprioceptors, Golgi 
tendon organs, muscle spindles, and her sensory organ 
are all directly influenced by mobilization and directive 
manual therapy approach.20-23 Ultimately, extensive sen-
sory input into the CNS contributes to the neuromuscular 
adaptation demanded by the cortex needs in its process of 
reorganization. Hence, manual medicine procedures play 
a fundamental role in adding sensory stimulation to per-
ipheral receptors, known to influence motor response pat-
terns, which directly affect posture, balance, locomotion, 
and musculoskeletal function.24-26

 The manual medicine procedures used in this case im-
proved the neuromuscular function and quality of life of 
this patient. Yet, no changes in memory, visual spatial or 
writing ability were seen. Furthermore, the results of this 
case report, and likewise cases 27, 28, where similar proced-
ures were utilized, supports the value of such procedures 
in the co-management of neurological conditions asso-
ciated with musculoskeletal dysfunctions. Chiropractic, 
DNS, and adjunctive therapies can help manage neuro-
muscular compensations and altered movement patterns, 
secondary to improper spinal mechanics, and dysfunc-
tional sensory inputs between muscle groups focusing in 
enhancing structural mobility, postural integrity and en-
hance neuromuscular function.29,30 Our clinical approach 
for the management of musculoskeletal dysfunction, 
such as in this case, emphasizes the utilization of manu-
al stimulation of specific zones of the body by properly 
mobilizing/manipulating joints to evoke predetermined 
efferent motor patterns by the central nervous system, 
facilitating sensory input to enhance cortex assimilation, 
and appropriate re-organization or adaptation.

Limitations
This report has the limitations of all case reports that rep-
resent the experience of a single patient. Therefore, find-
ings may not be generalizable to other patients.

Conclusion
As evidenced by current literature and substantiated by 
the present case, PCA is a progressive neurological dis-
order associated with higher cortical dysfunctions, and 
impaired neuromusculoskeletal ability. Medical research 
provides minimal guidance regarding the appropriate 
management of PCA. Yet, multidisciplinary care is con-
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sidered essential for successful results. Chiropractic, 
DNS and other procedures were utilized in this case. 
There was no progression in memory loss, speech or 
visuospatial orientation noted, though significant muscu-
loskeletal improvements were achieved, as endorsed by 
an improvement in 60%, according to the HSQ, and BBQ 
outcome assessment tools, especially in quality of life, 
and musculoskeletal function. Our goal with this study 
is to increase multidisciplinary management awareness, 
and include chiropractic care in future research consid-
ering its contributory use for functional enhancement in 
the co-management of neurological disorders with mus-
culoskeletal dysfunctions.

Acknowledgments
We would like to thank Dana Lawrence, DC, MMedED, 
MA for his comments and review of this article.

References
1.  Benson DF, Davis RJ, Snyder BD. Posterior cortical 

atrophy. Arch Neurol. 1988; 45:789-793.
2.   Renner JA, Burns JM, Hou CE et al. Progressive posterior 

cortical atrophy dysfunction: a clinicopathologic series. 
Neurology. 2004; 63:1175-1180.

3.   Crutch SJ, Lehmann M, Schott JM et al. Posterior cortical 
atrophy. Lancet Neurol. 2012; 11:170-78.

4.  Migliaccio R, Agosta F, Rascovsky K et al. Clinical 
syndromes associated with posterior atrophy: early age at 
onset AD spectrum. Neurology. 2009; 73:1571-1578.

5.  Mendez MF, Ghajarania M, Perryman KM. Posterior 
cortical atrophy: clinical characteristics and difference 
compared to Alzheimer’s disease. Dement Geriatr Cogn 
Disord. 2002: 14:33-40.

6.  McMonagle P, Deering F, Berliner Y et al. The cognitive 
profile of posterior cortical atrophy. Neurology. 2006; 
66:331-338.

7.  Tang-Wai DF, Josephs KA, Boeve BF et al. Visuospatial 
dysfunction as the presenting feature in corticobasal 
degeneration. Neurology. 2003; 61:1134-1135.

8.  Kas A, de Souza LC, Samri D et al. Neural correlates of 
cognitive impairment in posterior cortical atrophy. Brain. 
2011; 134:1464-78.

9.  Roca M, Gleichgerrcht E, Torralva T et al. Cognitive 
rehabilitation in posterior cortical atrophy Neuropsychol 
Rehabil. 2010; 20:528-40.

10.  Kolar P, Kobesova A. Three levels of motor control in the 
assessment and treatment of the motor system. J Bodyw 
Mov Ther. 2014; 18:23-33.

11.  Beck RW. Fundamental concepts in functional 
neurology. In: Functional Neurology for practitioners of 

manual therapy. Churchill Livingtstone: Philadelphia, 
2009: 1-20.

12.  Savic I, Pauli S, Thorell JO et al. In vivo demonstration 
of altered benzodiazepine receptor density in patients 
with generalized-epilepsy. J Neurology, Neurosurgery and 
Psychiatry. 1994; 57:784-797.

13.  Nyberg-Hansen R. Sites and mode of termination of 
reticulospinal fibers in the cat. An experimental study with 
silver impregnation methods. J Comparative Neurology. 
1965; 124:74-100.

14.  Vacek J. Sensory-motor approach to the stabilization 
system of the spine in patient with chronic back pain. 
International Musculoskeletal Medicine. 2012; 34:48-50.

15.  Page P, Frank C, Lardner R. Assessment and Treatment 
of Muscle Imbalance: The Janda Approach. 2009. Human 
Kinetics.

16.  Rojas Vegas S, Abel T, Lindschulten R et al. Impact of 
exercise on neuroplasticity-related proteins in spinal cord 
injured humans. Neuroscience. 2008; 20:40-50.

17.  Garcia-Larrea L, Maarrawi J, Peyron R et al. On the 
relation between sensory deafferentation, pain and 
thalamic activity in Wallenberg’s syndrome: a PET-scan 
study before and after motor cortex stimulation. Eur J 
Pain. 2006; 10:677-88.

18.  Holt K, Beck RW, Sexton S. Reflex effects of a spinal 
adjustment on blood pressure. Proceeding of the 
Association of Chiropractic Colleges: Research agenda 
conference 2006. Washington, DC.

19.  Carrick FR. Changes in brain function after manipulation 
of the cervical spine. J Manipulative Physiol Ther. 1994; 
20:529-545.

20.  Page SJ, Gater DR, Bach-Rita P. Reconsidering the motor 
recovery plateau in stroke rehabilitation. Arch Phys Med 
Rehab. 2004; 85:1377-1381.

21.  Panjabi MM. A hypothesis of chronic back pain: ligament 
sub failure injuries lead to muscle control dysfunction. Eur 
Spine J. 2006; 15:668-676.

22.  Karni A, Mayer G, Jezzard P et al. Functional MRI 
evidence for adult motor cortex plasticity during motor 
skill learning. Nature. 1995; 377:155-158.

23.  Krakauer J. Motor learning: its relevance to stroke 
recovery and neurorehabilitation. Current Opinion in 
Neurology. 2006; 19:84-90.

24.  Rome L. Neurovertebral influence upon the autonomic 
nervous system: some of the somato-autonomic evidence 
to date. Chiropr J Austr. 2009; 39:9-33.

25.  Rome L. Neurovertebral influence upon the autonomic 
nervous system: some of the somato-autonomic evidence 
to date – part II: somatovisceral. Chiropr J Austr. 2010; 
39:9-33.

26.  Dishman DJ. Spinal reflex attenuation associated with 
spinal manipulation. Spine. 2000; 25:2519-2525.

27.  Oppelt M, Juehring DD, Sorgenfry G et al. A case study 
utilizing spinal manipulation and dynamic neuromuscular 



J Can Chiropr Assoc 2015; 59(1) 45

VT Francio, R Boesch, M Tunning

stabilization care to enhance function of a post 
cerebrovascular accident patient. J Bodyw Mov Ther. 
2014; 18:17-22.

28.  Juehring DD, Barber MR. A case study utilizing Vojta/
Dynamic Neuromuscular Stabilization therapy to control 
symptoms of a chronic migraine suffer. J Bodyw Mov 
Ther. 2011; 15:538-41.

29.  Colloca CJ, Keller TS, Gunzburg R et al. 

Neurophysiological response to intraoperative lumbosacral 
spinal manipulation. J Manipulative Physiol Ther. 2000; 
23:447-457.

30.  Kolar P. Facilitation of agonist-antagonist activation 
by reflex stimulation methods. In: Liebeson, C (Ed.). 
Rehabilitation of the Spine: A Practitioner’s Manual, 
second ed. Lippincott Williams & Williams, Philadelphia, 
2007.



46 J Can Chiropr Assoc 2015; 59(1)

ISSN 0008-3194 (p)/ISSN 1715-6181 (e)/2015/46–52/$2.00/©JCCA 2015

Diagnosis of a 64-year-old patient presenting with 
suspected lumbar spinal stenosis: 
an evidence-based case report
Peter C. Emary, BSc, DC1,2

1  Master of Science (MSc) Candidate, MSc Advanced Professional Practice (Clinical Sciences), Anglo-European College of Chiropractic, 13-15 
Parkwood Road, Bournemouth, Dorset, BH5 2DF, United Kingdom

2  Private Practice, 201C Preston Parkway, Cambridge, ON, N3H 5E8, Canada
Phone: 519-653-2101. E-mail: pcemary@hotmail.com
Consent: The patient has provided written consent to having his personal health information, including radiographs, published.
© JCCA 2015

Objective: To present an evidence-based case report on 
the diagnosis of a patient with suspected lumbar spinal 
stenosis (LSS). 
 Case: A 64-year-old man presented with signs and 
symptoms suggestive of LSS, but physical examination 
and diagnostic imaging findings were inconclusive. 
Other co-morbidities included diabetes, congestive heart 
failure, and left hip joint osteoarthritis. 
 Outcome: PubMed was searched for systematic 
reviews of diagnostic studies on LSS. Two recent 
articles were found and appraised with respect to their 
validity, importance, and applicability in diagnosing 
the current patient. Copies of his magnetic resonance 
imaging were also obtained and used in combination 
with the appraised literature, including diagnostic test 
specificities and likelihood ratios, to confirm an LSS 
diagnosis. 
 Summary: This case illustrates how research evidence 

Objectif : Présenter une étude de cas fondée sur des 
éléments probants au sujet d’un patient souffrant 
possiblement d’une sténose du canal rachidien lombaire 
(SCRL). 
 Cas : Un homme de 64 ans s’est présenté avec 
des signes et des symptômes laissant croire à une 
SCRL, mais les résultats de l’examen clinique et de 
l’imagerie ne sont pas concluants. Le patient souffre de 
comorbidités, notamment du diabète, une insuffisance 
cardiaque congestive et de l’arthrose à la hanche 
gauche. 
 Résultat : On a réalisé une recherche dans PubMed 
pour trouver des évaluations systématiques d’études 
diagnostiques sur la SCRL. On a trouvé et évalué deux 
récents articles afin d’établir leur validité, importance 
et applicabilité pour diagnostiquer le trouble de santé 
du patient en question. On a aussi obtenu et utilisé 
des copies des IRM en combinaison avec les ouvrages 
évalués, notamment la spécificité d’un test diagnostique 
et les rapports de vraisemblance, pour confirmer la 
SCRL. 
 Résumé : Ce cas montre comment les résultats de 
recherche peuvent servir dans la pratique clinique, en 
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Introduction
The North American Spine Society defines lumbar spinal 
stenosis (LSS) as “a clinical syndrome of buttock or lower 
extremity pain, which may occur with or without back 
pain, associated with diminished space available for the 
neural and vascular elements in the lumbar spine.”1 When 
symptomatic, its characteristic provocative and palliative 
features include exercise or positionally induced neuro-
genic claudication (i.e. radiating leg pain with walking 
or prolonged standing) that is typically relieved with for-
ward flexion, sitting, and/or lying down. Yet despite these 
characteristic features, there is no generally accepted 
“gold standard” for the diagnosis of LSS.2 Moreover, its 
radiographic findings often correlate poorly with patient 
symptoms.3 As a consequence, a wide range of clinical, 
electrodiagnostic, and radiological tests are used.4 Com-
plicating matters are the various differential diagnoses for 
LSS such as vascular claudication, referred lumbar and/or 
radicular pain, compression fractures, and hip osteoarth-
ritis, which commonly co-exist in older adults.3 For the 
chiropractor, an accurate diagnosis is important because it 
determines how these patients will be managed.
 Using the five steps of evidence-based medicine5 (Fig-
ure 1), the following case report will demonstrate how 
current research literature informed the diagnosis of a pa-
tient presenting with suspected LSS.

Case Report
A 64-year-old obese man presented with a chief complaint 
of chronic left-sided low back and lower extremity pain. 
He described it as a constant ache down his leg to the 
mid-shin, accompanied by “pins and needles.” He also 
complained of “numbness” along his right anterolateral 
thigh. The pain severity on the left was graded between a 
six out of 10 at best and nine out of 10 at worst. His over-
all Back Bournemouth Questionnaire6 score totalled 58 

can be used in clinical practice, particularly in the 
diagnosis of an individual patient. 
 
 
(JCCA 2015; 59(1):46-52) 
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particulier dans le diagnostic du trouble de santé d’un 
patient. 
 
(JCCA 2015; 59(1):46-52) 
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Figure 1. 
The five steps of evidence-based medicine 

(based on the model by Sackett et al.5).

1.  Ask a clinical question

2.  Find the best evidence 
(to answer the question)

3.  Critically evaluate the 
evidence

4.  Apply the evidence 
(with clinical experience 
 and patient preference)

5. Evaluate the outcome
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out of 70, where zero equals no disability and 70 equals 
complete disability. Bending or twisting at the waist (e.g. 
shovelling or vacuuming), standing up from sitting, dan-
cing, and prolonged standing were all described as pro-
vocative; topical analgesics, acupuncture, sitting, and rid-
ing an exercise bike were palliative. He originally injured 
his lower back eight years ago lifting heavy 10 kilogram 
metal frames at work. After re-injuring it again two years 
later, he was taken off work by his family physician, and 
had been on long-term disability ever since. A recent 
magnetic resonance imaging (MRI) study revealed mul-
tiple lower lumbar degenerative changes (as noted in the 
radiologist’s report), including a mild disc bulge at L3-4 
and bilateral foraminal stenosis at L3-4 and L4-5. The pa-
tient had been taking daily oral analgesic (Percocet) and 
anti-inflammatory (Celebrex) medications; but because of 
ongoing lower back and leg pain, his physician referred 
him for chiropractic treatment.
 On examination, he had difficulty getting out of a chair 
(i.e. Minor’s sign) and walked with an antalgic left-sided 
limp. His lumbar spine range of motion while seated was 
painful and limited by 50% in extension, 50% in left ro-
tation, and 25% in right and left lateral flexion. Motion 
palpation revealed restricted sacroiliac joints, along with 
lumbar paraspinal and gluteal muscle spasm on the left. 
Several orthopaedic tests7 including the Straight Leg 
Raise, Double Leg Raise, Yeoman’s, and seated Kemp’s 
provoked his left-sided low back pain and leg pain, while 
Nachlas’ revealed tight quadriceps muscles, bilaterally. 
Lower limb neurologic exam including motor, reflex, sen-
sory, Babinski, and vibratory testing was unremarkable, 
except for diminished Achilles tendon reflexes, graded as 
+1 on the right and 0 on the left.
 Based on his age, history, and physical examination 
findings, the working diagnosis was LSS. Before a de-
finitive diagnosis could be established, however, other 
co-morbidities with possible overlapping symptoms need-
ed to be considered. For instance, his positive Straight 
Leg Raise and Double Leg Raise test results, along with 
reported MRI findings of L3-4 and L4-5 foraminal steno-
sis, suggested an underlying diagnosis of lumbar radicu-
lopathy. His medical history included diagnoses of type II 
diabetes and congestive heart failure, making peripheral 
neuropathy and/or vascular claudication possible differ-
entials. He also had a history of severe and painful left hip 
joint osteoarthritis, and was on a surgical wait list for total 

hip arthroplasty. The question for this patient, therefore 
(as far as his chiropractic management was concerned), 
was how to confirm a clinical diagnosis of LSS?

Clinical Question
To answer this, the following foreground question was 
posed: Based on this patient’s history and physical exam-
ination findings, how likely is it that he actually has (or 
does not have) LSS?
 Using the mnemonic, PICO (i.e. Patient/problem, 
Intervention, Comparison, and Outcome[s] of interest),5 
this question can be broken down as follows:

 P = A 64-year-old man with suspected LSS.
 I =  Positive/negative history and physical 

examination findings.
 C = None.
 O = Diagnostic likelihood of LSS.

Literature Search
The best evidence to answer a clinical question about 
diagnosis is a systematic review of diagnostic studies.8 To 
begin, therefore, a search of the English language litera-
ture (from inception to January 27, 2014; limited to hu-
man studies) was conducted using the PubMed database. 
Because of interest in diagnostic studies, the subhead-
ing ‘diagnosis’ was selected under the medical subject 
heading ‘spinal stenosis,’ and this was combined using 
the Boolean operator ‘AND’ with the text word ‘lumbar.’ 
This search yielded 1,096 hits. After filtering the search 
to ‘systematic reviews’ from the past ‘10 years,’ 18 total 
citations were produced. Inclusion criteria consisted of 
systematic reviews containing current information on the 
accuracy of clinical diagnostic tests for LSS. Six of the 
retrieved studies were deemed potentially relevant based 
on their titles, and abstract review identified two as pertin-
ent.3,4 Of the articles excluded, two were reviews of radio-
graphic LSS parameters only,2,9 one was not a systematic 
review,1 and the other had been updated since its original 
publication.10 Therefore, two recent systematic reviews 
pertaining to the accuracy of clinical diagnostic tests for 
LSS were identified and retrieved. The entire literature 
search, including retrieval of manuscripts, took less than 
30 minutes.
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Critical Evaluation of the Evidence
In both systematic reviews retrieved,3,4 the clinical tests/
symptoms found to be most useful in the diagnosis of 
LSS included the following: absence of pain when seated, 
improvement when bending forward, bilateral buttock or 
leg pain, neurogenic claudication, a wide-based gait, ab-
normal Romberg test, and a score of seven or higher on a 
diagnostic support tool of history and physical examina-
tion findings. (The corresponding sensitivities, specifici-
ties, likelihood ratios [LRs], and 95% confidence intervals 
[CIs] of all these tests are shown in Table 1; the ‘diagnos-
tic support tool’ for LSS11 is shown in more detail in Table 
2.) Before these results could be applied to the current 
patient, the two systematic reviews were first appraised 
using a template provided by Sackett et al.5 Specifically, 
the papers were appraised with respect to their (i) validity, 
(ii) importance, and (iii) applicability to the diagnosis of 
the current patient.

(i) Are the results of these systematic reviews of 
diagnostic studies valid?
Both articles by Suri et al.3 and de Schepper et al.4 were 
qualitative systematic reviews of diagnostic studies. Both 
included a methods section that described finding and 
including all relevant studies, as well as an assessment 
of their individual validity. (Only diagnostic studies with 
clearly described clinical tests and reference standards 
were included.) Across these studies, a variety of diag-
nostic tests for LSS were evaluated; but between the two 
systematic reviews, there was consistency of results con-
cerning the accuracy of these tests. Therefore based on 
the above criteria, the results of both systematic reviews 
were deemed valid.

(ii) Are the valid results of these systematic reviews 
important?
The results were deemed important for several reasons. 
First of all, the clinical findings listed in Table 1 were all 
found to be highly specific and some highly sensitive for 
LSS. Essentially, when a test or symptom has high speci-
ficity, a positive result will rule in the diagnosis.5 Like-
wise, a negative result for a test with high sensitivity will 
rule out the diagnosis. Secondly (when positive), these 
clinical findings were all shown to increase the likelihood 
of LSS by at least 3-fold or greater. LRs ≥2.0 have been 
considered to produce meaningful changes in the prob-

Table 1. 
Diagnostic accuracy of history and physical examination 

findings for LSS.

Clinical Finding Sensitivity 
(95% CI)

Specificity 
(95% CI)

Positive 
LR 

(95% CI)

Negative 
LR 

(95% CI)

Absence of pain 
when seated3

0.47 
(0.32-0.61)

0.94 
(0.85-1.00)

 7.4 
(1.9-30)

0.57 
(0.43-0.76)

Improvement when 
bending forward3,4

0.52 
(0.45-0.58)

0.92 
(0.88-0.95)

 6.4 
(4.1-9.9)

0.52 
(0.46-0.60)

Bilateral buttock or 
leg pain3,4

0.51 
(0.40-0.62)

0.92 
(0.87-0.97)

 6.3 
(3.1-13)

0.54 
(0.43-0.68)

Neurogenic 
claudication3,4

0.82 
(0.77-0.87)

0.78 
(0.73-0.83)

 3.7 
(2.9-4.8)

0.23 
(0.17-0.31)

Wide-based gait3,4 0.42 
(0.27-0.57)

0.97 
(0.91-1.00)

13.0 
(1.9-95)

0.60 
(0.46-0.78)

Abnormal Romberg 
test3,4

0.40 
(0.25-0.54)

0.91 
(0.81-1.00)

 4.2 
(1.4-13)

0.67 
(0.51-0.87)

Diagnostic support 
tool4 (LSS score ≥7)

0.93 
(0.89-0.96)

0.72 
(0.66-0.78)

 3.3 
(2.7-4.0)

0.10 
(0.06-0.16)

Table 2. 
Prediction rule for identifying patients with LSS.11

Clinical Finding
Risk 
score 

assigned

Risk score 
for current 

patient
History
  Age (years)
   • 60-70  1  1
   • >70  2  0
  Absence of diabetes  1  0
  Neurogenic claudication  3  3
   Exacerbation of symptoms 

when standing up  2  2

   Symptom improvement 
when bending forward  3  3

Physical examination
   Symptoms induced by having patients 

bend forward –1  0

   Symptoms induced by having patients 
bend backward  1  1

  Good peripheral artery circulation  3 Not performed
  Abnormal Achilles tendon reflex  1  1
   Straight leg raising positive for 

reproducing pain –2 –2

Score interpretation
  Score range –2 to 17
  Positive score ≥7  9
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ability of a given diagnosis.12 Thirdly, when the findings 
of ‘neurogenic claudication’ and the ‘diagnostic support 
tool’ are negative, the likelihood of LSS is reduced by 
77% and 90% respectively. Finally because none of their 
CIs included the value of 1.0, these LRs were all shown 
to be statistically significant in the general population.5

(iii) Are the valid, important results of these 
systematic reviews applicable to our patient?
Each of the diagnostic tests listed in Table 1 were validat-
ed on LSS patients presenting to surgical and/or primary 
care medical clinics. Although LSS severity is expected 
to be high in these patient populations, the current patient 
also presented within a primary care setting,13 and was 
similar in age and symptomatology to those in the afore-
mentioned studies. Therefore, the results from the sys-
tematic reviews were deemed applicable to this patient.

Application of the Evidence
Although gait analysis and Romberg testing were not 
performed, the current patient did exhibit several of the 
clinical findings listed in Table 1. These included an ab-
sence of pain when seated (LR 7.4; 95% CI, 1.9-30), 
improvement when bending forward (LR 6.4; 95% CI, 
4.1-9.9), and neurogenic claudication (LR 3.7; 95% CI, 
2.9-4.8). All three of these findings are highly specific for 
LSS, thereby ruling in the diagnosis. Using the diagnostic 
support tool11 shown in Table 2, the combined findings 
of age between 60-70, diabetes, neurogenic claudication, 
exacerbation of symptoms when standing up, symptom 
improvement when bending forward, provocation with 
bending backward, abnormal Achilles tendon reflexes, 
and a positive Straight Leg Raise, yielded a score of nine 
– a positive result (LR 3.3; 95% CI, 2.7-4.0). This find-
ing also has good specificity for LSS. Furthermore, its 
LR can be interpreted and communicated to the patient 
as a 95% probability that he is between 2.7 and 4.0 times 
more likely to have LSS compared with a patient who 
tests negative with this diagnostic tool. The patient’s other 
LRs were interpreted in a similar manner.
 The post-test probability of actually having LSS was 
also determined using the patient’s positive LRs (see 
Figure 2). Depending on the diagnostic criteria used, the 
prevalence of radiographic LSS in the general population 
of adults’ aged 60-69 years ranges between 19.4% and 
47.2%.14 Assuming a primary care clinic prevalence (or 

 
Figure 2. 

Nomogram for determining the post-test probability of a 
target disorder.5 

To determine post-test probability, a line would be 
drawn between the patient’s pre-test probability (left), 

through the LR of the diagnostic test (centre), and 
extended through to the post-test probability (right). 
Source: reprinted with permission from D.L. Sackett, 
S.E. Straus, W.S. Richardson, W. Rosenberg, and R.B. 
Haynes, Evidence-Based Medicine, 2nd ed., p. 79, M. 

Parkinson, © 2000 Churchill Livingstone.

pre-test probability) of 19.4% and using only the finding 
of symptom improvement with sitting as an example, the 
probability of this patient’s LSS diagnosis would increase 
to approximately 70%. However, if the clinic prevalence 
of LSS were 47.2%, his post-test probability would be 
90%. In either case, LSS was likely. To confirm the pa-
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tient’s diagnosis, copies of his MR images were obtained, 
and these revealed further anatomical evidence of LSS 
(Figures 3 and 4).

Evaluation of the Outcome
Various conservative and surgical treatment options are 
available to patients with LSS.1 However, because this 
case report was written within the context of an ‘observa-
tion-only’ clinical placement,15 the author did not actually 
communicate a diagnosis (or plan of management) to the 
patient. (Instead, he was referred to one of the other chiro-
practors at the centre.) Nevertheless, this evidence-based 
case report illustrates how research literature can be re-
trieved relatively quickly, appraised, and used in the 
management of an individual patient.

Limitations
This case report has some limitations. Firstly, gait analysis 
and Romberg testing7 were not performed as part of the 
neurological exam on this patient. Though specific and 
predictive of LSS, the clinical findings of a ‘wide-based 
gait’ and ‘abnormal Romberg test’ would not have altered 
the patient’s final LSS diagnosis. Furthermore, in a re-
cently published guideline16 the North American Spine 
Society has concluded that there is insufficient evidence 
regarding the diagnostic accuracy of the Romberg test for 
LSS. Secondly, the literature search for this case report 
was limited to PubMed. By not searching other databases 
such as the Cochrane Library and/or the Cumulative In-
dex to Nursing and Allied Health Literature, other per-
tinent systematic reviews of diagnostic studies may have 
been missed. Thirdly, other systematic review appraisal 
checklists such as the Amstar17 were not employed in this 
case. Instead, the author relied on the template provided in 
the textbook by Sackett et al.5. Finally, the results of this 
case report may not be generalizable to other chiropractic 
patients or practices. For instance, this patient presented 
within a primary care, community health centre setting.13 
Integrated chiropractic services such as this have only 
been described within one other city in all of Canada.18 
What is more, many of the diagnostic tests highlighted in 
this case require further validation within non-specialized 
clinical settings,3 once again limiting these results toward 
other chiropractic patients.

 
Figure 4. 

T2-weighted coronal spot view MR images of L3-4 (A) 
and L4-5 (B) showing disc protrusion, bilateral facet 

joint osteoarthritis, and ligamentum flavum hypertrophy, 
with resultant central canal (asterisks), lateral recess, 

and intervertebral foraminal stenosis (most severe at L3-
4), bilaterally.

 
Figure 3. 

Proton density sagittal (A) and left para-sagittal (B) MR 
images of the patient’s lumbar spine showing mild-to-

moderate intervertebral disc dessication and protrusion 
into the thecal sac at L3-4 and L4-5 (asterisks).
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Summary
According to Sackett et al.,5 “evidence-based medicine 
is the conscientious, explicit, and judicious use of the 
current best evidence in making decisions about the care 
of individual patients.” In this case, a 64-year-old man 
presented with signs and symptoms suggestive of LSS, 
including several co-morbidities. However, by using the 
results of two recent systematic reviews – and in particu-
lar, their specificities and LRs – a more accurate diagnosis 
of LSS was reached.
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Many risk factors exist for falls in the elderly. Dizziness 
is an important risk factor for such falls. Spinal pain has 
also been identified as a risk factor for these falls. In this 
overview of the literature, we examine studies, including 
trials, of neck manipulation for neck pain, unsteadiness 
and falls risk relevant to the elderly. We also examine 
two related, but not mutually exclusive, mechanisms 
through which a putative beneficial effect may be 
mediated. These are the effects of neck manipulation 
on neck pain and on non-specific dizziness. We focus 
on the available evidence primarily in terms of clinical 
data rather than laboratory-based measures of balance. 
We conclude that chiropractors may have a role in falls 

Beaucoup de facteurs de risque de chute existent chez 
les personnes âgées. L’étourdissement fait partie des 
facteurs de risque importants. Les douleurs lombaires 
sont également considérées comme un facteur de risque 
de chute. Dans le présent aperçu d’ouvrage, on examine 
des études, y compris des essais, sur la manipulation 
cervicale pour traiter les douleurs cervicales, le 
manque d’assurance en position debout et les risques 
de chute chez les personnes âgées. On examine aussi 
deux mécanismes liés, mais non mutuellement exclusifs, 
à partir desquels il serait possible de véhiculer des 
améliorations estimées. Il s’agit des effets de la 
manipulation cervicale pour traiter les douleurs 
cervicales et les étourdissements non précisés. On se 
concentre sur les preuves disponibles principalement 
en matière de données cliniques, et non pas les mesures 
d’équilibre réalisées en laboratoire. Conclusion : les 
chiropraticiens ont vraisemblablement un rôle à jouer 
dans les stratégies de prévention des chutes chez les 
personnes âgées souffrant de douleurs cervicales 
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Introduction
Falls in the elderly can be due to many causes. Dizziness 
is an important risk factor for these falls. In this overview 
of the literature, we examine the relationship between 
non-specific dizziness, an important form of dizziness in 
the elderly1, and neck pain and dysfunction. We further 
examine whether rigorous evaluation of neck manipula-
tion is justified for the treatment of non-specific dizziness 
that is concomitant with chronic neck pain or dysfunction, 
with the aim of reducing the risk of falls in the elderly. 
This review does not focus on research data in relation 
to changes in laboratory-based measurements of balance 
such as postural sway and their changes with neck pain 
or neck manipulation.2,3 Instead, we focus primarily on 
clinical research data. A non-systematic method using 
Pubmed searches was used to source the available litera-
ture on the subject. No language restrictions were applied. 
Care was taken to guard against inclusion or exclusion 
bias.

Falls in the elderly and dizziness
Many elderly patients with chronic neck pain and con-
comitant non-specific dizziness or unsteadiness consult 
chiropractors and other practitioners who perform spin-
al manipulative therapy (SMT). It has also been shown 
that at least the elderly patients who present to chiroprac-
tors in Auckland New Zealand and Melbourne Australia 
have risk factors for falls, including dizziness, that are 
comparable to the community dwelling elderly in gener-
al.4 However, the possible therapeutic effect of the pri-
mary modality of chiropractic treatment, namely SMT, 
for non-specific dizziness and prevention of falls in the 
elderly is yet to be adequately investigated. It is well es-
tablished that falls in the elderly constitute an important 

global health problem. Every year in the US5 and Aus-
tralia6, approximately one in three elderly people fall, 
with 10-20% experiencing serious injury including frac-
tures7. Similarly, a large population study has found the 
incidence of falls over a twelve month-period in Canadian 
elderly to be as high as 19.8%.8 Falls in the elderly are 
associated with increased morbidity, disability, loss of 
independence and even death. Hence, they constitute a 
serious health problem with substantial human costs.9,10 
They account for 75% of all casualty visits in the elderly, 
and result in significant hospital stays.9 The frequency of 
falls in the elderly increases sharply with age11, making 
this health problem particularly significant in aging popu-
lations of the industrialised world. These falls also result 
in substantial economic costs to the individuals concerned 
and the health care system, with the estimated cost per fall 
between $2,000 to $42,00012 and the total economic bu-
rden for falls $23.3 billion in the USA, with comparable 
substantial costs in the UK13 and Canada8. In addition, 
falls in the elderly are an increasingly important global 
health problem. As the size of the elderly population grew 
in Australia, the annual direct health costs of fall-related 
injuries are estimated to almost triple in five decades from 
$498.2 million in 2001.14

 Dizziness, which predisposes the elderly to falls4,15-17, 
is also very common in the elderly population. For in-
stance, a study from Scotland found the point prevalence 
for dizziness to be 30% in 893 elderly people18, and the 
comparable proportion in Brazil has been reported as high 
as 45% in a cohort of 391 community dwelling elderly 
adults19. Moreover, the proportion of those above the age 
of 70 presenting with non-specific dizziness was recently 
reported as 63% in South Korea.20 Moreover, dizziness 
becomes more prevalent with age.21 There is a strong as-

prevention strategies in the subpopulation of the elderly 
that suffer from mechanical neck pain or dysfunction and 
non-specific dizziness. However, this role remains to be 
rigorously studied and properly defined. 
 
 
(JCCA 2015; 59(1):53-63) 
 
k e y  w o r d s : dizziness, elderly, risk factor, neck pain, 
manipulation, chiropractic

mécaniques ou d’un dysfonctionnement cervical, ainsi 
que d’étourdissements non précisés. Toutefois, ce rôle 
doit faire l’objet d’études rigoureuses et être défini 
adéquatement. 
 
(JCCA 2015; 59(1):53-63) 
 
m o t s  c l é s  :  étourdissement, personnes âgées, 
facteur de risque, douleur cervicale, manipulation, 
chiropratique
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sociation between dizziness and falls in the elderly.15,22,23 
A recent systematic review has also confirmed dizziness 
as a risk factor for falls in the elderly.23 In short, falls, 
falls-related injuries, and dizziness are common and 
closely associated in the elderly.

The neck, postural balance and dizziness
Vestibular disorders are widely believed to constitute the 
most common cause of dizziness. However, there is evi-
dence in the primary care setting that cardiovascular dis-
ease and related medications may be the most common 
cause in the elderly.24 Consistent with this notion, vestibu-
lar disorders have been found to be much less prevalent 
in the general population than the symptoms of vertigo 
dizziness and unsteadiness.16 It is generally accepted that 
the second most common cause of dizziness in the elder-
ly (after benign positional paroxysmal vertigo) is what 
is termed “multisensory dizziness”.25,26 This condition is 
attributed to aging and deterioration of multiple sensory 
systems, namely the vestibular, optic and proprioceptive. 
The prevalence of dizziness in the elderly that can be at-
tributed to pain and dysfunction of the cervical spine (cer-
vicogenic dizziness) is not known. At least some patients 
diagnosed with multisensory dizziness may suffer from 
cervicogenic dizziness. For this reason, this review focus-
es on ‘non-specific’ rather than ‘cervicogenic’ dizziness.
 It is established that somatic afferent information from 
the neck, particularly the upper cervical spine, converges 
with vestibular and visual inputs on central nervous sys-
tem (CNS) nuclei involved in processing and integration 
of postural balance inputs. For instance, Hikosaka and 
Maeda demonstrated that somatic sensory information 
for upper cervical spine is relayed to motorneurons in the 
abducens nucleus modulating the vestibulo-ocular reflex 
that causes abduction of the eye to the contralateral side of 
head rotation to allow for fixed gaze.27 Conversely, Cor-
neil and colleagues showed that cervical spine muscles 
respond to stimulation of the superior colliculus28, which 
is a primary CNS centre for processing of visual informa-
tion. Furthermore, Shinoda and colleagues showed that 
stimulation of the semicircular canals in the inner ear is 
relayed to cervical motorneurons.29 Finally, Peterson and 
co-workers demonstrated that the vestibulocollic and the 
cervicocollic reflexes interact and produce a summative 
effect on muscle activation in the neck.30 Taken together 
these data convincingly demonstrate integration of ves-

tibular, visual and proprioceptive (particularly from the 
neck) inputs to maintain postural balance. Given this inte-
gration, it is probable that abnormal cervical propriocep-
tive input to the CNS (as a result of injury, pain, or muscu-
loskeletal dysfunction of the neck) may create a mismatch 
with the other inputs thereby causing dizziness.31-33 This 
can be particularly so in the context of the elderly who 
suffer deterioration of multiple sensory systems.
 In agreement with this premise, a recent study has 
found greater levels of sensorimotor dysfunction (particu-
larly in terms of joint position error in the neck) in asso-
ciation with upper cervical pain than lower cervical pain34 
correlating with the higher density of proprioceptors in the 
upper cervical region. We also know that anaesthetising 
the deep structures of the neck, or unilateral sectioning of 
the cervical dorsal roots induce severe ataxia and disturb-
ance of balance.31,35 Equally importantly, stimulation of 
the abundant neck muscle spindle afferents36, by the use 
of vibration, increases body sway37,38, and influences the 
velocity and direction of gait and running39,40. Additional-
ly, there is evidence that the elderly may be more reliant on 
proprioceptive input for maintenance of postural balance 
than younger people.41 For instance, afferent input from 
the legs is important for postural control in healthy elder-
ly people.42 Furthermore, the elderly with polyneuropathy 
suffer from a higher risk of falls.43 In addition, the inability 
to stand in tandem stance is associated with double the risk 
of falls in the elderly.44 These data together demonstrate 
the importance of proprioception to postural balance, par-
ticularly in the elderly. They also support the notion that 
neck pain and/or disturbed proprioception may contribute, 
or act as a predisposing factor, to dizziness and falls.

Neck pain and dizziness
Neck pain is common in the general population. Cote and 
colleagues demonstrated in a large population study in 
1997 that the point prevalence of neck pain in Saskatch-
ewan adults was 22.2%.45 This study also reported six 
month prevalence of: low intensity and low disability neck 
pain; high intensity low disability neck pain; and high in-
tensity and moderately or severely disabling neck pain 
were found to be 39.7%, 10.1%, and 4.6% respectively.45 
In addition, neck pain is common in the elderly. Its preva-
lence has been estimated at 36.1% and 40.5% for men 
and women respectively in community dwelling elderly 
people in Australia.46
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 Musculoskeletal problems of the neck can cause dis-
turbance of balance, which is termed “cervicogenic diz-
ziness” “cervical dizziness” or “cervical vertigo”.47-50 
Patients who have suffered whiplash neck injuries as a 
result of motor vehicle accidents often complain of diz-
ziness and exhibit motor co-ordination deficits.51,52 Per-
sistent neck pain following whiplash injury has also been 
recently associated, in a small cohort, with impairments 
of a variety of dynamic and functional balance tasks such 
as a timed 10m walk.53 These signs and symptoms are not 
surprising, due to the stretch and sheer forces involved in 
whiplash injury, which can damage vestibular and neck 
receptors. Furthermore, in cases of whiplash that warrant 
the diagnosis of mild traumatic brain injury (or concus-
sion), it may be the damage to the brain itself that causes 
the common post-injury symptom of dizziness.54 Never-
theless, it is important to note that dizziness balance defi-
cits and joint position errors are also common in patients 
with non-traumatic neck pain.33,51,55-62 It is likely then that 
pain originating from the neck may in itself be responsible 
for, or at least associated with, dizziness in these cases.
 Not surprisingly, in a recent secondary analysis of a 
prospective cohort study of 516 randomly selected com-
munity dwelling elderly participants (aged 73-92 years 
old), risk factors associated with dizziness were correlat-
ed with risk of falls over a 12 month period. In this study, 
42% of the participants reported dizziness in general.63 In-
terestingly, self-reported neck or back pain was far more 
common in those reporting dizziness with a high degree 
of statistical significance. As expected, participants with 
dizziness, anxiety, depression and history of transient is-
chemic attacks were more likely to experience multiple 
falls (more than 2 falls). However, the strongest predict-
ors of multiple falls were found to be neck and back pain 
as well as anxiety in this population.63 Therefore, there 
may be a strong causal relationship between neck pain, 
dizziness, and multiple falls in at least a subpopulation of 
the elderly.
 There are reports, in neck pain patients, of a correlation 
between cervical joint stiffness and hypertonicity of the 
upper cervical musculature on one hand, and the presence 
of dizziness on the other.64,65 A recent study has found that 
in middle-aged chronic neck pain patients, the presence of 
vertigo is highly correlated with neck stiffness.66 In addi-
tion, fatigue of the neck muscles disturbs standing bal-
ance.32,60 Additionally, neck tenderness is associated with 

cervical vertigo in the elderly.48 Taken together these data 
suggest that neck pain, and associated joint stiffness and 
muscular hypertonicity and tenderness, may cause pos-
tural imbalance possibly by altering the proprioceptive 
input to the CNS, or its processing by the CNS, leading 
to dizziness. This in turn, could predispose the individual, 
particularly the elderly, to falls.

Spinal manipulative therapy for mechanical neck 
pain
SMT, including joint manipulation and mobilisation, 
has been used clinically for neck pain by chiropractors 
and other health care practitioners for many years. Sev-
eral studies have shown that SMT and spinal exercise 
regimes are significantly more effective than usual med-
ical care in reducing neck pain.67,68 A recent systematic 
review has found high quality evidence for greater short 
term pain relief with manual therapy and exercise over 
exercise alone.69 The same review also found evidence, 
although of low quality, for clinically important long term 
improvement in pain and functional status with manual 
therapy and exercise compared to no treatment.69 Simi-
larly, Maiers and colleagues have recently reported short-
term effectiveness of SMT in the elderly. Theirs was the 
first randomised controlled trial (RCT) of cervical SMT 
in community dwelling elderly comparing its effective-
ness for chronic mechanical neck pain with home and 
supervised exercises using 241 participants.70 They found 
that the SMT and home exercise group had a statistically 
significant reduction in pain at the conclusion of the 
treatment period compared to either the home exercise 
alone or home exercise and supervised exercise groups, 
even though this effect was not sustained at 40- or even 
14-weeks follow-up.
 In a 2010 Cochrane systematic review of 27 RCTs, 
Gross and colleagues found low quality evidence for the 
benefits of manipulation and mobilisation compared to 
control for short-term neck pain reduction.71 In another 
2010 systematic review of manual therapy for neck pain, 
D’Sylva and colleagues reported low quality evidence 
suggesting a clinically significant improvement in pain 
relief, improved function and global perceived effect 
when manipulation and mobilisation were combined with 
massage. Once again, poor methodological quality of 
the studies and inadequate control for bias prevented a 
more conclusive assessment of the potential of SMT to 
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treat neck pain. It is important to realise that compared to 
drug trials, rigorous RCTs of SMT are more challenging 
to design and the choice of control intervention is particu-
larly problematic due to the hands-on nature of manual 
therapy. It is not possible to blind the clinician with re-
spect to the treatment delivered, and it is difficult to blind 
the participant. Control interventions for SMT that have 
been used to date often are other physical treatment mo-
dalities, such as mobilisation, or exercise therapy. Given 
that mobilisation, exercise and similar “control” interven-
tions are likely to exert a therapeutic effect on the neck, 
the search for a more inert control for these studies needs 
to continue. Using a truly inert control may demonstrate 
greater therapeutic effect for SMT in treating neck pain. 
Efforts are currently underway to develop such a con-
trol.72,73 Nevertheless, SMT has shown at least short-term 
effectiveness in treating neck pain. It has also been found 
to be a relatively safe intervention74,75 particularly in the 
elderly76.

Spinal manipulative therapy for non-specific 
dizziness
Usual treatment of non-specific dizziness in the elderly 
comprises mainly of vestibular rehabilitation.41,77,78 Ac-
cording to a recent Cochrane systematic review, there 
is moderate evidence to support the use of vestibular re-
habilitation for vertigo and dizziness of vestibular origin, 
such as benign paroxysmal positional vertigo (BPPV) and 
Ménière’s disease.79 However, non-specific dizziness is a 
diagnosis by exclusion, and it has no established satisfac-
tory treatment at present.20 In the elderly, patients with 
non-specific dizziness are often diagnosed with multisen-
sory dizziness or presbyastasis (age related decreased 
vestibular function) and are often inadequately treated. 
Nonetheless, their treatment often involves vestibular 
manoeuvres and vestibular rehabilitation exercises.80 Ves-
tibular rehabilitation has been found to provide some re-
lief for non-specific dizziness, alone and in combination 
with other therapies. For instance, vestibular rehabilita-
tion neck exercises alone have been shown to be moder-
ately effective for non-specific dizziness in a retrospective 
study of 153 elderly cases.20 Furthermore, Andersson’s 
group conducted two small RCTs, with dizziness due to a 
range of aetiologies, of vestibular rehabilitation combined 
with cognitive behavioural therapy (CBT) compared to 
a waiting list control.81,82 These studies showed signifi-

cant improvement with dizziness using provocative head 
movements, but no improvement in depression, anxiety 
or stress. Although, results from these studies are limited 
by small sample sizes and variability in treatment proto-
cols, they do show promise for the use of neck rehabilita-
tion exercises in treatment of non-specific dizziness, par-
ticularly in the elderly population. However, while these 
studies have aimed their treatment at rehabilitation of the 
vestibular system, the role of proprioceptive input from 
the coupling movements of the neck joints during these 
movements cannot be discounted. Therefore, focused 
modulation or rehabilitation of proprioceptive input from 
the neck in non-specific dizziness, is an area deserving of 
concerted research attention.
 There is, in fact, a growing body of preliminary evi-
dence for physical and manual treatment of the neck for 
non-specific dizziness. A course of individualised physio-
therapy including massage and cervical and thoracic joint 
mobilisation has been reported to improve dizziness in a 
cohort of 20 neck pain patients.64 Matsui and co-workers 
have recently reported that a course of primarily conserv-
ative physical therapy, was able to substantially reduce 
dizziness in neck pain patients.65 A recent feasibility study 
has also reported significant improvement in dizziness 
handicap inventory (DHI) scores with Osteopathic SMT 
in 16 adults with chronic vertigo.83 Similarly, improve-
ment in DHI scores has been reported in a small group 
of elders in a recent pragmatic single group pre-test/post-
test chiropractic intervention study.84 In addition, a pilot 
randomised study of chiropractic care, including SMT, by 
the same group has reported improvement in both pain 
and DHI scores in the elderly.85 These observations are 
consistent with anecdotal evidence from practitioners of 
SMT that some patients presenting with neck pain also 
report an improvement with their sense of balance. There 
are a number of clinical studies including five RCTs on 
the efficacy of manual therapy for cervicogenic dizzi-
ness.57,64,88,89,96,97 However, two systematic reviews have 
concluded that there is limited to moderate evidence for 
the use of manual therapies, particularly cervical manipu-
lation and mobilisation, in the management of this condi-
tion.86,87 These two systematic reviews analysed five RCTs 
and 14 non-randomised controlled trials or cohort stud-
ies.57,64,88-106 The overall quality of these data was found 
to be moderate to low due to lack of control groups, and 
inadequate blinding and randomisation. In spite of these 



58 J Can Chiropr Assoc 2015; 59(1)

Is there a role for neck manipulation in elderly falls prevention? – An overview

limitations, symptomatic improvement in dizziness was 
consistently reported. Treatments included mobilisation 
and or manipulation alone88-94 and in combination with 
other therapies such as acupuncture95, massage57,64,96-103, 
traction99,104, ergonomic advice57,64,105, anti-inflammatory 
medications95,98,105, and home exercises57,64,98,106. These 
data show promising preliminary evidence that warrants 
rigorous research in this area.

Conclusion
At present there is no satisfactory treatment for non-specif-
ic or age related dizziness. However, there is preliminary 
evidence that physical treatment of the neck may improve 
balance in neck pain patients. Therefore, it is important 
to examine the possible therapeutic effect of chiropractic 
interventions (particularly SMT) directed at the neck in 
treatment of this condition and prevention of falls in this 
subpopulation of the elderly. The need for this research 
is particularly acute given the substantial health and eco-
nomic costs of falls in the elderly and the aging of the 
population in the industrialised world. We know that pos-
tural stability and motor control relies on integration of 
proprioceptive vestibular and visual inputs by the CNS, 
inputs that are widely believed to deteriorate with age. 
Neck pain is widely believed to be capable of comprom-
ising mechanisms of postural balance by distorting the 
proprioceptive input from the neck to the CNS. It is pos-
sible that integration of incongruous inputs by CNS bal-
ance centres becomes more challenging as proprioceptive 
visual and vestibular sensory mechanisms age. Whilst 
neck manipulation, a commonly practiced treatment by 
chiropractors, has shown effectiveness for neck pain, it 
has not been adequately evaluated for non-specific dizzi-
ness. However, there is encouraging preliminary data that 
seems to support the use of neck manipulation in treating 
this condition. Given that both spinal pain and dizziness 
are risk factors for balance deficits and falls in the elder-
ly, rigorously designed randomised controlled trials are 
needed in this area. These trials should focus on both ef-
ficacy and effectiveness of the various chiropractic neck 
manipulation and mobilisation techniques and strategies 
on: neck pain; non-specific dizziness; dizziness-related 
disability; and falls frequency in the community dwelling 
elderly population.
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The purpose of this study is to document the topographic 
anatomy of an extensor indicis (EI) muscle with a double 
tendon and the associated distribution of the deep 
branch of the radial nerve (DBRN). Both EI tendons 
were positioned deep to the tendons of the extensor 
digitorum as they traversed the dorsal osseofibrous 
tunnel. They then joined the medial slips of the extensor 
expansion of the second and third digits. In all other 
dissected forearms, a tendon of the EI muscle joined the 
medial slip of the extensor expansion to the index finger. 
The DBRN provided short branches to the superficial 
extensor muscles, long branches to the abductor 
pollicis longus and extensor pollicis brevis muscles, 
and terminated as the posterior interosseous nerve. 
Descending deep to the extensor pollicis longus muscle, 
the posterior interosseous nerve sent branches to the 
extensor pollicis brevis and EI muscles. Understanding 
of the topographic anatomy of an EI with a double 
tendon, and the associated distribution of the DBRN, 

L’objectif de cette étude est de documenter l’anatomie 
topographique du musculus extensor indicis (MEI), 
ou muscle extenseur de l’index, avec un tendon double 
et la distribution de la grosse branche du nerf radial 
(DGBNR) qui lui est associée. Les deux tendons du 
MEI sont positionnés profondément dans les tendons du 
extensor digitorum alors qu’ils traversent le tunnel osso-
fibreux dorsal. Ils joignent ensuite les portions internes 
de l’expansion de l’extenseur au niveau du deuxième 
et troisième doigt. Dans tous les autres avant-bras 
disséqués, un tendon du MEI joint la portion interne 
de l’expansion de l’extenseur à l’index. La DGBNR 
fournit de petites branches aux muscles d’extenseur 
superficiels, de grosses branches aux muscles du long 
abducteur du pouce et du court extenseur du pouce, 
pour finir en tant que nerf interosseux postérieur. Le 
nerf interosseux postérieur descend profondément dans 
le muscle du long extenseur du pouce et envoie des 
branches au court extenseur du pouce et au MEI. Une 
bonne compréhension de l’anatomie topographique 
d’un MEI avec double tendon, et la DGBNR associée, 
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Introduction
Anatomical variations of the extensor muscles of the hand, 
including the extensor indicis (EI), are common, and no 
standard pattern has been described.1-13 These variations 
are often a matter of concern to clinicians as they may lead 
to a misdiagnosis. For example, a variant EI muscle may 
give rise to dorsal wrist pain and hence may be diagnosed 
incorrectly as a ganglion, soft tissue tumor, synovial cyst 
or tenovaginitis.14-18 For surgeons, the variations of EI ten-
dons are of particular clinical importance, since this is the 
muscle that is commonly used to perform graft and tendon 
transfer operations and should be considered during ex-
tensor tendon exploration for trauma.5,7,19 Since hand sur-
gery relies mainly on applied anatomy, it is essential to re-
visit not only the anatomy of the presented variance of the 
EI muscle but also the distribution of the deep branch of 
the radial nerve (DBRN) as it may help to explain clinical 
symptoms developed by the partial or complete entrap-
ment of the main trunk of this nerve or its branches.20-24 
To our knowledge, no studies have investigated the cor-
relation between the variant EI and the branching pattern 
of the radial nerve. Even though the distribution of the 
DBRN is complicated and inconsistent,23 enhancing our 
understanding of the relationship between the radial nerve 
and the variant EI may contribute to accurate diagnosis, 
effective surgical procedures, and the modeling of neuro-
vascular compartments.25 Familiarity with the variations 
of extensor muscles and their innervation are crucial for 
assessment and treatment of pathologic conditions with 
magnetic resonance imaging, diagnostic sonography, and 
magnetic resonance neurography.26-30

 The rationale of the presented study is to document 
the existence and topographic anatomy of the EI muscle 
with a double tendon and the associated distribution of the 
DBRN. This is done to enhance clinicians’ awareness, so 
as to provide adequate assessment and treatment of hand 

lesions. It may also be useful for modeling of neurovascu-
lar and muscular compartments of the forearm and hand.
 The following questions are posed: i) Could the pre-
sented variant in the morphology of the EI muscle explain 
hand functionality and clinical symptoms in the living 
patient?, ii) What branching pattern of the radial nerve 
should be expected in the case of an EI with a double ten-
don?, iii) What are the clinical implications of the branch-
ing pattern of the DBRN?
 We present the topographic anatomy of the EI muscle 
with a double tendon and discuss its functional and clin-
ical implications. The distribution of the DBRN within 
forearms possessing single or double tendons of the EI 
muscle is investigated and its clinical significance is dis-
cussed.

Material and methods
This study utilized 16 embalmed cadavers (32 upper 
limbs) of both genders and of different ages using ana-
tomical macro-and microdissections. An 89-year-old 
male had a double tendon of the extensor indicis muscle 
bilaterally. This variant muscle was dissected carefully to 
expose its origin, course and insertion. All of the fore-
arms were dissected to examine the distribution of the 
radial nerve branches within the posterior forearm to de-
termine whether the branching pattern of the radial nerve 
varies significantly within the forearms possessing single 
or double tendons of the EI muscle. The specimens were 
documented and photographed.

Results
In an 89-year–old male cadaver, the EI muscle with a 
double tendon to the second and third digits was found bi-
laterally within the deep layer of the extensor muscle com-
partment of the forearm (Figure 1A). This variant muscle 
originated from the posterior surface of the distal third of 

may contribute to accurate diagnosis and treatment of 
hand lesions. 
 
(JCCA 2015; 59(1):64-71) 
 
k e y  w o r d s : extensor indicis, neuropathy, radial 
nerve, variation, wrist pain

peut favoriser des diagnostics précis et améliorer le 
traitement de lésions aux mains. 
 
(JCCA 2015; 59(1):64-71) 
 
m o t s  c l é s  :  musculus extensor indicis, neuropathie, 
nerf radial, variation, douleur au poignet
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the shaft of the ulna, the adjacent interosseous membrane, 
and from the internal surface of the antebrachial fascia 
occupying the interface of the superficial-deep forearm 
extensors (Figure 1B). The lateral part of the muscle belly 
was shorter and became tendinous proximal to the ex-
tensor retinaculum. However, the medial part was long-
er, with the musculotendinous junction descending deep 
to the superior margin of the extensor retinaculum. Both 

tendons of the EI were positioned medial and deep to the 
tendons of the extensor digitorum (ED) muscle as they 
traversed the fourth osseofibrous tunnel under the exten-
sor retinaculum (Figure 1C). On the dorsum of the hand, 
opposite the heads of the second and third metacarpal 
bones, the two tendons of the EI joined the ulnar sides of 
the tendons of the ED, enhancing the medial slips of the 
extensor expansion (EE) for the second and third digits 

Figure 1 
Topography of the extensor indicis (EI) muscle with a double tendon within the muscular layers of the extensor 
compartment of the forearm. 
A – The superficial muscular layer includes ECU, extensor carpi ulnaris; EDM, extensor digiti minimi; ED, extensor 
digitorum. The deep layer includes EPL, extensor pollicis longus; EPB, extensor pollicis brevis; APL, abductor pollicis 
longus; EI with a double tendon. 
B – Schematic representation illustrates the deep muscular layer. EI2, extensor indicis to the second digit; EI3, extensor 
indicis to the third digit; SS, supinator superficial part; SD, supinator deep part; APL; EPL; EPB; IM, interosseous 
membrane. 
C – The extensor indicis lateral part (EIL) of the muscle belly becomes tendinous proximal to the extensor retinaculum 
(ER). The extensor indicis medial part (EIM) is longer with the musculotendinous junction descending deep to the 
superior margin of the ER. Both tendons of the EI are positioned medial and deep to the tendons of the ED, as they 
traverse the osseofibrous tunnel under the ER.
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(Figure 2). In all other dissected forearms, a tendon of EI 
muscle joined the EE to the index finger.
 In consideration of the clinical importance of the distri-
bution of the DBRN, we dissected 32 upper limbs to de-
termine whether the branching pattern of the DBRN var-
ied between the forearms possessing single versus double 
tendons of EI. The radial nerve arose from the posterior 
cord of the brachial plexus and incorporated the anterior 
primary rami of C5-T1 spinal nerves. From the axillary 
fossa, it wound around the posterior aspect of the humerus 
and pierced the lateral intermuscular septum to enter the 
anterior compartment of the arm dividing into superficial 
and deep terminal branches. In the literature, the DBRN is 
frequently called the posterior interosseous nerve (PIN).31 

Figure 2 
The distal attachments of the EI double tendon. 
On the dorsum of the hand, opposite the heads of the 
second metacarpal (M2) and the third metacarpal 
(M3) bones, the tendons of the EI to the second (EI2), 
and third (EI3) digits join the ulnar sides of the ED, 
enhancing the medial slips (MS) of the extensor 
expansion (EE) of the second and third digits.

MS MS
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Following the international anatomical terminology,32 we 
classify the PIN as the terminal long branch of the DBRN.
 The DBRN traversed the supinator muscle between 
the superficial and deep layers, emerging in the posterior 
compartment deep to the superficial layer of the exten-
sor muscles, immediately providing the short branches to 
the ED, extensor digiti minimi, and extensor carpi ulnaris 
muscles. Descending superficial to the abductor pollicis 
longus (APL), the DBRN provided the long branches to 
the APL and the extensor pollicis brevis (EPB), and ter-
minated as the PIN (Figures 3A and 3B). The PIN des-
cended deep to the extensor pollicis longus (EPL) muscle 
on the posterior surface of the interosseous membrane 
sending two to three short nerve branches to supply the 
EPB and EI muscles (Figure 3C). Next, the PIN continued 
within the fourth dorsal osseofibrous tunnel between the 
tendon of the EPL and the lateral part of the EI terminat-
ing within the dorsal fascia and the dorsal surface of the 
fibrous capsules of the radiocarpal and intercarpal joints.

Discussion
It is important understand the anatomy of the variant EI 
muscle with a double tendon as this variant may explain 
clinical symptoms of certain hand lesions and should be 
considered in the differential diagnosis of a swelling, 
ganglion or other soft tissue tumors on the dorsum of the 
hand.1,5,9,16

 Knowledge of the variant EI muscle with a double 
tendon is required for precise extensor muscle identifica-
tion and confirmation of a preoperative diagnosis using 
dynamic sonography or magnetic resonance imaging, as 
well as for the planning of the best possible surgical treat-
ments in this region.28-38

 Schmidt et al.39 argued that hand surgery informed by 
applied anatomy, and collaboration between anatomists 
and clinicians are essential to upgrading surgical tech-
nique and optimizing patient care.
 The present study is congruent with the observations 
of Ritter et al.40 and Doyle41 with regard to the proxim-
al attachments of the presented variant EI muscle to the 
posterior surface of the shaft of the ulna, the adjacent 
interosseous membrane, and the connective tissue septum 
between the EI and the EPL muscles. Additionally, in the 
present case, the variant EI muscle attached to the inter-
nal surface of the antebrachial fascia within the super-
ficial–deep extensor fascial plane. We hypothesize that 
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an overstretched EI muscle might lead to inflammation 
within this fascia and an increase in intracompartmental 
pressure. Moreover, the surgeon should take this attach-
ment into consideration when performing any surgical 
procedure within the extensor forearm region.
 Caudwell et al.42 described the musculotendinous junc-
tion of the EI within the confines of the fourth dorsal os-
seofibrous tunnel in 75% of the specimens which they 
examined. Ritter and Inglis,40 confirming the frequency 
of the musculotendinosus portion of EI within the fourth 

dorsal tunnel, remarked that the contents of the tunnel 
are extremely tightly confined when the hand and fingers 
are flexed. That is why an increase in the size of any of 
the components of the tunnel, including a hypertrophied 
EI, might produce pain and disability. Similarly, we be-
lieve that the presence of two tendons of the EI, espe-
cially the musculotendinous junction of its medial part, 
would increase the volume of the contents of the fourth 
dorsal osseofibrous tunnel and might cause pain and other 
clinical symptoms. We observed that in the tunnel itself, 

Figure 3 
The branching pattern of the deep branch of the radial nerve (DBRN) in the forearm with the variant EI muscle. 
A – Schematic representation illustrates the DBRN which traverses the supinator (S) muscle, and immediately provides 
the short branches (SB). The long branches include the abductor pollicis longus branch (APLB), the extensor pollicis 
longus branch (EPLB), and the posterior interosseous nerve (PIN). The PIN provides the abductor pollicis brevis 
branch (APBB), and the extensor indicis branches (EIB). 
B – The DBRN descends superficial to the APL muscle providing the APLB and EPLB, and then as the PIN, descends 
deep to the EPL muscle. 
C – The PIN descends deep to the EPL muscle on the posterior surface of the IM. Being located between the EPL and 
the lateral part of the EI muscle, the PIN provides the two to three EIB.
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the two tendons of the EI muscle are positioned medial 
and deep to the tendons of the ED muscle. Knowledge of 
this relationship is essential in tendon identification when 
harvesting for tendon transfer during such procedures as 
opponensplasty.43

 Review of the literature indicates that the EI muscle 
confers independence to the index finger. Acting alone or 
together with the ED, it extends the index finger at the 
metacarpophalangeal and proximal interphalangeal joints 
and assists with the extension of the hand at the wrist. 
As a result, the EI muscle enhances tight grip.43, 44 For 
this reason, we assume that the double tendon of the EI 
muscle, joining the EE, may increase the independence 
not only of the index finger but also of the middle finger, 
and may further enhance tight grip.
 The EE is formed by the four tendinous extensions of 
the ED muscle on the dorsum of the proximal phalanx 
of each digit. Each extension is made by three slips, one 
axial and two collateral slips. The lateral collateral slips 
are thickened by the tendons of lumbrical and interos-
seous muscles and the medial collateral slips by tendons 
of the interosseous alone.1,31,40,43,45

 In the presented case, the two tendons of the EI muscle 
joined the medial collateral slips of the EE to the mid-
dle and index fingers, as reported previously in the liter-
ature.40,43,45 We hypothesize that by equalizing the thick-
ness of the medial slips of the EE to the index and middle 
digits, the EI double tendon assists with the balancing and 
dissipation of mechanical stresses during the coordinated 
extension of these digits.
 Understanding the anatomical branching pattern of the 
radial nerve within the posterior forearm is an essential 
step in recognizing the clinical symptoms of peripheral 
neuropathy.22,43,46 It is also important in identifying the 
level of nerve injury,47 for use during surgical repair using 
nerve grafts,48-51 performing nerve blocks,52 neurography,30 
and for the modeling of neuromuscular compartments.25 
Since total or partial lesions are often encountered in clin-
ical settings, we sought to determine the branching pat-
tern of the radial nerve in a case of an EI muscle with a 
double tendon.
 According to our observation, the DBRN after emer-
ging from the supinator gives off short branches to the 
superficial extensor muscles. This observation is in agree-
ment with the majority of investigations, except that the 
nerve penetrating the supinator is often referred to as the 

PIN.22,23,25,31,38,48,49,52-55 Following the international anatom-
ical terminology,32 we classify the PIN as the terminal 
long branch of the DBRN.
 In our study, the innervation of the deep extensor mus-
cles is supplied by the long branches of the DBRN, in-
cluding the nerve to the APL, nerve to the EPB, and the 
PIN. The PIN, descending deep to the EPL, provides two 
to three short branches to supply the EPB and EI mus-
cles. In the literature, all long branches are described as 
branches of the PIN with morphometric and schematic 
variances.23,38,49

 Thus, we conclude that there are no differences in the 
branching pattern of the DBRN within forearms pos-
sessing either single or double tendons of EI. In both 
cases, having longer branches to APL and EPL allow for 
the possibility of isolated neuropathy of these branches. 
The innervation of the EI and EPB muscles by the short 
branches from the PIN most likely would be disrupted by 
the neuropathy of either the main trunk of DBRN or PIN 
as it descends deep to the EPL muscle.

Conclusions
1.  A double tendon of the EI increases the volume of 

the contents of the fourth dorsal osseofibrous tunnel, 
which may result in clinical symptoms.

2.  By equalizing the thickness of the medial slips of the 
extensor expansion, the two tendons of the EI may as-
sist with the balancing of the mechanical stresses with-
in the extensor expansion, contributing to the coordin-
ation of the extension of the second and third digits.

3.  The branching pattern of the DBRN may result in a 
predisposition towards isolated neuropathy of the long 
branches or the posterior interosseous nerve, resulting 
in specific clinical symptoms.
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Objective: The aim of this study was to evaluate the 
efficacy of myofascial therapy involving ischemic 
compression on trigger points in combination 
with mobilization therapy on patients with chronic 
nonspecific foot pain. 
 Study design: Two quasi-experimental before-and-
after studies involving two different baseline states. 
 Method: Foot pain patients at a private clinic were 
divided into two separate cohorts: A, custom orthotic 
users; and B, non-users. In Study A, 31 users received 
15 experimental treatments consisting of ischemic 
compressions on trigger points and mobilization of 
articulations through the foot immediately after study 
enrollment. In study B, ten non-users were prescribed 
a soft prefabricated insole and were monitored for five 
weeks before subsequently receiving 15 experimental 
treatments after the initial five-week delay. 
 Outcome measures: The Foot Function Index (FFI) 
and patients’ perceived improvement score (PIS) on a 
scale from 0% to 100%. 
 Results: The Study A group (n=31) maintained a 
significant reduction in the FFI at all three follow-

Objectif : L’objectif de la présente étude est d’évaluer 
l’efficacité de la thérapie myofasciale impliquant 
une compression ischémique sur des points gâchettes 
combinée à une thérapie de mobilisation chez les 
patients souffrant de douleurs chroniques non 
spécifiques au pied. 
 Plan d’étude : Deux études quasi expérimentales 
avant/après sur deux états de référence différents. 
 Méthodologie : On a formé deux groupes avec les 
patients souffrant de douleurs au pied d’une clinique 
privée. A : les utilisateurs d’orthèses adaptées. B : ceux 
qui n’en utilisent pas. Dans l’étude A, 31 utilisateurs 
ont reçu 15 traitements expérimentaux impliquant une 
compression ischémique sur des points gâchettes et une 
mobilisation des articulations du pied immédiatement 
après l’inscription à l’étude. Dans l’étude B, 10 non-
utilisateurs ont reçu une prescription de semelle souple 
préfabriquée et ont fait l’objet d’un suivi de 5 semaines. 
Après les 5 semaines de suivi, ils ont reçu 15 traitements 
expérimentaux. 
 Mesures des résultats : L’index de fonction du pied 
(IFP) et l’amélioration perçue par le patient (APP) sur 
une échelle de 0 % à 100 %. 
 Résultats : Le groupe de l’étude A (n=31) a montré 
une diminution importante de l’IFP aux trois évaluations 
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Introduction
Foot pain is very common. In one population-based study 
of 4,060 subjects, 17.4% had foot pain, aching or stiff-
ness in either foot.1 Plantar fasciitis affects about 10% of 
the population at some time during their lives.2 Regarding 
hallux valgus, one systematic review and meta-analysis 
of 76 pooled surveys (496,957 participants) estimated 
that the prevalence was 23% in adults aged 16-65 years 
and 35.7% in elderly people aged 65 years or older. It 
was 30% in females compared to 13% in males.3 Foot 
problems are commonly encountered in chiropractic 
practice.4,5 It is often assumed that biomechanics is the 
cause of almost any condition seen in the foot;6 this is 
seemingly proved by the biomechanical abnormalities 
present in the pathological foot.6 But while biomechan-
ical abnormalities are common, it should not be assumed 

that they are necessarily causatively associated with foot 
symptoms. In this regard, it is important to rule out other 
medical or specific causes of foot pain before assuming 
that a biomechanical fault is at play.6

Specific foot pain conditions
For background purposes, we summarize a number of 
common specific conditions that should be ruled out prior 
to applying a working diagnosis of nonspecific biomech-
anical foot pain.

Plantar fasciitis
The plantar fascia is a thick band of longitudinally ar-
ranged fibers which run from the tuberosity of the calcan-
eus. The thick, central portion divides distally into five 
slips (one for each digit), and inserts into the sides of the 

up evaluations. Mean improvement from baseline in 
FFI was 47%, 49% and 56% at 0, 1 and 6 months, 
respectively, post-treatment. Mean PIS was 58%, 57%, 
and 58%, again at 0, 1 and 6 months post-treatment. 
For the Study B group, mean improvement in FFI was 
only 19% after the monitoring period, and 64% after the 
experimental treatment period. Mean PIS was 31% after 
monitoring, and 78% after experimental treatment. In 
repeated measures analyses, experimental treatment was 
associated with a significant main effect in both of these 
before-and after studies (all P values<0.01). 
 Conclusion: Combined treatment involving ischemic 
compression and joint mobilization for chronic foot pain 
is associated with significant improvements in functional 
and self-perceived improvement immediately and at up 
to six-months post-treatment. Further validation of this 
treatment approach within a randomized controlled trial 
is needed. 
 
 
 
 
 
(JCCA 2015; 59(1):72-83) 
 
k e y  w o r d s : foot pain, myofascial trigger points, 
ischemic compression, joint mobilization, chiropractic

de suivi. L’amélioration moyenne selon la référence de 
l’IFP était de 47 %, 49 % et 56 % après 0, 1 et 6 mois 
respectivement. La moyenne d’APP était de 58 %, 57 % 
et de nouveau 58 % 0, 1 et 6 mois après le traitement. Le 
groupe de l’étude B a montré une amélioration moyenne 
de l’IFP de seulement 19 % après la période de suivi, et 
de 64 % après la période de traitements expérimentaux. 
La moyenne d’APP était de 31 % après le suivi et de 
78 % après les traitements expérimentaux. Dans les 
analyses de mesures répétées, on associe le traitement 
expérimental à un effet principal important dans les 
deux études avant/après (toutes les valeurs P<0,01). 
 Conclusion : Un traitement combiné impliquant 
une compression ischémique sur des points gâchettes 
et une mobilisation des articulations pour soulager 
des douleurs chroniques au pied est associé à des 
améliorations fonctionnelles importantes et une 
amélioration cernée par le patient sur une période allant 
d’immédiatement après le traitement jusqu’à six mois 
plus tard. Il est nécessaire d’effectuer un essai contrôlé 
aléatoire pour valider ce traitement. 
 
(JCCA 2015; 59(1):72-83) 
 
m o t s  c l é s  :  douleur au pied, myofascial, points 
gâchettes, compression ischémique, mobilisation des 
articulations, chiropratique
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sheath of the flexor tendon of each toe.7 The cause of plan-
tar fasciitis is a repetitive microtrauma overload injury.8 
The point of injury is usually located at the attachment of 
the plantar fascia on the inferior aspect of the calcaneus. 
On digital palpation a point of hyperirritability or severe 
point tenderness is found at the insertion of the plantar 
fascia into the calcaneus. The most common symptom 
is “first-step pain,” immediately after prolonged non-
weight bearing, which quickly diminishes after the next 
few steps. In proximal plantar fasciitis, over-pronation is 
commonly associated, as are simple training errors.8 Less 
commonly, tenderness over the distal and mid portion of 
the plantar fascia indicates the presence of distal plantar 
fasciitis.8,11 Plantar spurs occur in 20% of normal patients 
without plantar fasciitis and in about 50% of patients with 
plantar fasciitis, so their presence is suggestive, but by no 
means diagnostic.9,11

 The natural history of plantar fasciitis is unclear.11 
Bone scans are indicated only in problematic cases.9 
Commonly administered treatments include nonsteroid-
al anti-inflammatory drugs (NSAIDs), heel pads or cups, 
orthotics, steroid injections, ultrasound, deep friction 
massage, shock wave therapy, and active release.2,4,7,12 
Surgery is thought to be indicated after nine months of 
failed conservative treatment.5,8,9,10 Although there is con-
sensus that conservative treatments are effective most of 
the time, there is no agreement as to which specific mo-
dality is most effective.11

Hallux valgus, hallux rigidus, turf toe, and bunion
There are many interrelated painful conditions of the 
great toe. Some are considered to be complications of 
acute or chronic sprain/strain of the first metatarsophalan-
geal joint. This category accounts for the most common 
athletic disorders of the foot.13 Each of these diagnoses 
is often based simply on the elicitation of exquisite ten-
derness during passive extension of the great toe, with 
or without simultaneous observation of a bunion.14 The 
exact cause of hallux valgus is unknown.15 The literature 
suggests that advanced imaging studies and lab studies 
are uninformative for hallux problems in general.15 Com-
monly administered treatments for hallux problems in-
clude manipulation, transverse friction therapy, gradual 
axial elongation and progressive mobilization of the first 
metatarsophalangeal joint.13,14,16,17 There is some evidence 
that mobilization of the first metatarsophalangeal joint is 

of value in the treatment of hallux rigidus.13 Yet, in one 
Cochrane systematic review, there was no evidence of 
a difference in effectiveness between various conserv-
ative treatments and no treatment for hallux problems. 
Furthermore, that same review found no evidence from 
randomized controlled trials of any benefit (e.g., diminu-
tion of joint deformity or pain) from the use of orthotics 
or splints.14 For hallux valgus in particular, treatment has 
often been aimed at reducing deformity, and improving 
pain, function, and patient satisfaction.15,16 However, the 
genuine effectiveness of non-surgical interventions for 
hallux valgus remain questionable.

Metatarsalgia
The main symptom is a burning sensation located at the 
ball of the foot. When speaking of metatarsalgia, it is cus-
tomary to exclude conditions affecting the first metatar-
sophalangeal joint, as those conditions tend to fall under 
the umbrella of hallux valgus, hallux rigidus and other 
related conditions of the big toe.18

Morton’s neuroma
Morton’s neuroma is a misnomer as the underlying path-
ology does not involve a proliferative state of the nerve 
tissue.19 For this reason, the term “Morton’s metatarsal-
gia” is preferred by some authors. In any event, this con-
dition is a paroxysmal neuralgia affecting the web spaces 
in the toes, typically the third. The pain may be sharp 
and lancinating when walking. The diagnosis is typically 
based on a history of symptoms such as pain, numbness 
or pins and needles in the ball of the foot and/or toes, par-
ticularly during walking. On examination digital pressure 
applied to the third and/or fourth intermetatarsal area pro-
vokes pain. Neuromas are perhaps the most misdiagnosed 
of all podiatric complaints and, in reality, are not nearly 
as prevalent as once believed. Instead, arthritis and other 
conditions causing inflammation of the metatarsophalan-
geal joints, and pressure on the interdigital nerves can 
mimic a true neuroma.6

 Many patients undergo surgery for this condition, yet 
there is little evidence on the effectiveness of surgical 
as well as non-surgical interventions for Morton’s neur-
oma.19 As surgical removal of a misdiagnosed neuroma 
may cause an exacerbation of the symptoms and even 
disability,6 it is imperative to exhaust non-invasive ap-
proaches before contemplating surgery.
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Longitudinal arch pain
Often, pain along the longitudinal arch occurs at the cu-
boid-metatarsal articulation. There are three mechanisms 
of injury associated with this condition: 1) acute injury 
from forceful plantar flexion and inversion of the foot 
and ankle, 2) compensatory weight bearing over the lat-
eral border of the foot in response to antecedent medial 
plantar heel pain, and 3) biomechanical predisposition to 
a lateral forefoot sprain, such as in the presence of pes 
cavus deformity.20 In treating this problem, mobilization, 
manipulation, long axis distraction, and orthotics have 
been suggested.20,21

Tendinopathy of the Achilles tendon
Posterior heel pain most commonly arises from the 
Achilles tendon. The clinical picture is pain and swell-
ing immediately above the heel, with related impairment 
of physical function. The Achilles tendon is the conjoint 
tendon of the soleus and the two heads of the gastrocn-
emius muscles. Patients with insertional tendinopathy 
present with posterior heel pain, mostly in the middle re-
gion and insertion of the tendon. Overuse is the princi-
pal cause. Usual treatments include orthosis, stretching, 
anti-inflammatory medication and steroid injection, the 
latter of which should be performed only sparingly due to 
the potential risk of tendon rupture. Surgery is considered 
only when all nonoperative treatments have been tried.22

Nonspecific foot pain
In the absence of the above-mentioned specific causes 
of chronic foot pain, we suggest that a diagnosis of non-
specific foot pain is applicable. For nonspecific foot pain, 
we have utilized a treatment approach that appears to be 
promising from an anecdotal perspective, but has not yet 
been formally validated to date.
 The proposed treatment assumes that nonspecific 
foot pain has, at least in part, a myofascial component 
which may be present either exclusively or in addition 
to the aforementioned specific causes of foot pain. Our 
use of ischemic compression and joint mobilization is 
therefore based on the theoretical rationale that myofa-
scial trigger points (TrPs) may be located within muscles, 
ligaments, tendons, fascia, and articular capsules of the 
painful foot.23,24 Previous studies (further detailed in the 
Discussion section) have shown that other manual myofa-
scial therapy techniques such as friction massage, mobil-

ization, and Graston Instrument Mobilization Technique 
have helped alleviate many foot problems.9,13,14,16,21,25

Study rationale
The objective of this study was to determine the efficacy 
of ischemic compression and joint mobilisation for the 
treatment of common nonspecific foot pain of presumed 
myofascial origin.
 Our primary hypothesis was that private clinic patients 
with chronic foot pain who are treated with ischemic com-
pression on trigger points, as pinpointed through palpa-
tion and patient corroboration, in combination with joint 
mobilization, would exhibit significant improvement in 
the severity of symptoms and functional status after 15 
experimental treatments.

Methods
We conducted a controlled before-and-after study in 
which data was collected in two populations contempor-
aneously within a private clinic setting in Trois-Rivières, 
Québec. However, as both populations were exposed to 
an experimental treatment phase, each constituted a sep-
arate quasi-experimental study individually as well as a 
controlled before-and-after study collectively.
 Each individual study involved a single group repeated 
measures design within a distinct cohort of foot pain pa-
tients. Study A was a before-and-after study of the effect 
of manual therapy in a cohort of custom orthotic users. 
Study B was a before-and-after study of the effect of de-
layed manual therapy in a cohort of non-users who were 
prescribed a soft prefabricated orthotic for five weeks 
before undergoing the experimental manual therapy ap-
proach over an additional five weeks. Therefore, during 
the first five weeks of data collection only the Study A 
cohort received experimental treatment while the Study B 
cohort was monitored contemporaneously without receiv-
ing experimental treatment.
 All participants received experimental manual therapy 
from one of two experienced chiropractors (GH, AML). 
All data collection was performed by the principal inves-
tigator (GH) who was clearly aware of each participant’s 
degree of progress throughout the study. A study statisti-
cian, on the other hand, was blinded to the types of treat-
ments being administered and analyzed. The study was 
approved by the ethics committee of the Université du 
Québec à Trois-Rivières.
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 All subjects were recruited through local newspaper 
advertisements. In order to take part in one of the studies, 
participants had to be between 20 and 60 years of age 
and had to have suffered from daily foot pain for at least 
three months. Foot pain was defined as pain anywhere in 
the foot, either at rest or during movement. The intensi-
ty of the pain had to be rated at least a “6” on a 10 cm 
visual analogue scale. Participants agreed to receive, free 
of charge, 15 manual therapy treatments over five weeks 
(one month), at a frequency of three times per week.
 The exclusion criteria for both studies included past 
surgery to the symptomatic foot, body weight greater than 
200 pounds, a history of steroid or local anaesthetic injec-
tion to the foot within the past month, a current history of 
local tumour, infection, fracture, rheumatoid arthritis or 
any other active arthropathy.
 As podiatry is taught at the Université du Québec à 
Trois-Rivières, most of the participants (readers of the 
local newspaper) were residents of the local community 
who had already seen a Doctor of Podiatric Medicine and 
were also already using custom orthotics. Arbitrarily, we 
recruited all participants who were already wearing a cus-
tom orthotic into Study A while participants not wearing 
a custom orthotic were recruited for Study B.
 Written informed consent was obtained from each par-
ticipant.

Experimental interventions

Ischemic compression treatment over trigger and/or 
tender points.
The diagnosis of a treatable TrP in this study involved the 
patient pinpointing the exact location of pain on the foot, 
and the attending chiropractor reproducing the patient’s 
pain upon applying thumb-over-thumb pressure over the 
location in question. If the patient’s pain was reproduced, 
ischemic compression treatment was administered dur-
ing each visit, and consisted of a single application of 
15-seconds of pressure (again using a thumb-over-thumb 
contact) over each treatable TrP identified in the foot. As 
the TrP could be very sensitive, the pressure was light 
during the first few seconds, and gradually increased to 
the point of the patient’s maximum tolerance.
 Patients were positioned in a standardized manner de-
pending upon the area of the foot being treated:
 1. Plantar fascia: The patient was in either a supine 

position with the legs extended or in a prone position with 
the knee flexed to 90 degrees.
 2. Dorsal aspect of the foot: To target TrPs over the 
dorsal metatarsal or tarsal regions, ischemic compression 
was applied with the patient supine and the foot flat on 
the table. The pressure was applied perpendicularly to the 
dorsal surface of the foot. The therapist sometimes used 
his body weight to augment the application of pressure 
through the thumbs.
 3. Lateral longitudinal arch: The patient would lie in a 
recumbent position with the affected side (foot) up, and 
the medial aspect of the affected foot resting on the table. 
In this position, the plantar surface of the cuboid bone 
was the most common site treated.
 4. Achilles tendon: With the patient in a prone position, 
the tendon was palpated along its entire length. Pressure 
was applied perpendicularly to the skin surface over tender 
points anywhere along the length of the tendon. TrPs in the 
soleus and the gastrocnemius muscles were also treated.
 5. Center of the fat pad of the heel: The patient was treat-
ed either in a prone or standing position with the dorsal 
surface of the forefoot facing down and resting flat on the 
table, and with the plantar surface of the heel exposed and 
facing up. Often, treatable TrPs were detected and there-
fore targeted over the entire plantar surface of the heel.
 6. Anterior capsule of the foot: While the patient was su-
pine, the therapist stabilized the foot by applying pressure 
to the ball of the foot (and therefore forceful ankle dorsi-
flexion) with his thigh. At the same time the ankle-mor-
tise joint was probed deeply with the thumbs in order to 
test for the presence of treatable TrPs and/or movement 
restriction in the ankle. Particularly in this region of the 
foot, ischemic compression and joint mobilisation were 
often administered simultaneously.

Mobilization
Joint mobilisation consisted of applying forceful flexion 
or extension movement, within the patient’s level of toler-
ance, through the hypomobile articulation for 15 seconds 
per administration. The following standardized approach-
es were used:
 1. First metatarsophalangeal articulation (big toe): De-
pending on the direction of detected restriction, pressure 
for 15-seconds was applied in either extension, flexion, 
or both directions. Usually, treatment was given in the 
direction that was limited by pain. In symptomatic pa-
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tients, pressure was applied very lightly during the first 
few seconds, then gradually increased to the patient’s 
maximum tolerance. Thereafter, pressure was sustained 
without moving the joint any further. The same treatment 
was used for treating an underlying hallux rigidus. The 
diagnosis of a concomitant hallux rigidus was based on 
the presence of exquisite tenderness upon passive exten-
sion of the big toe, with or without bunion formation.16

 2. Third and fourth metatarsophalangeal articulation 
(sometimes in the presence of concomitant Morton’s 
neuralgia): Mobilisation was carried out with the patient 
in a supine position. Hyperirritability was tested for by 
hyperextending and hyperflexing the third and fourth 
metatarsophalangeal joints. If pain was reproduced, then 
the affected joint was treated by administering gradual, 
yet forceful, hyperextension or hyperflexion to tolerance, 
for 15 seconds per visit. Ischemic compression therapy 
was often concomitantly administered to treatable TrPs 
over the lateral aspects of metatarsophalangeal joints.
 3. Generalized metatarsophalangeal stiffness: Simul-
taneous treatment to multiple metatarsophalangeal ar-
ticulations was carried out with the patient in a supine 
position. The attending chiropractor would grasp the last 
four toes of the patient’s foot by applying a thenar and 
hypothenar contact against the plantar surfaces of the toes 
with one hand, and by reinforcing his grasp with the other 
hand. All four toes were then simultaneously hyper-ex-
tended to the limit of the patient’s tolerance and held in 
that position for 15 seconds. In most case this treatment 
was performed in combination with ischemic compres-
sion therapy over treatable TrPs in the ball of the foot.
 Most patients suffered from the presence of concomi-
tant specific foot conditions. In the presence of heel pain, 
plantar fasciitis, arch pain, and fat pad pain, TrPs located 
in the calf muscles were also treated. In the foot itself, 
there were typically one or two TrPs for each condition.
 Patients were encouraged to taper off any existing anal-
gesic medications as soon as possible. During treatments, 
patients were monitored for even the slightest signs of 
distress and were repetitively asked if the administered 
pressure or mobilisations were bearable.
 Treatments were repeated until either hyperirritability 
was completely gone or a maximum of 15 visits had been 
administered. The presence of hyperirritability (pain re-
production) was the basis for the diagnosis of treatable 
TrPs or joint hypomobility. If the problem was a TrP, the 

tender point pinpointed by the patient was easily con-
firmed through palpation over the area in question. If the 
location was at an articulation, hyperirritability, if any, 
was detected by forcing the articulation to the end of flex-
ion and/or extension.

Additional Interventions (Study B)
In study B, patients were initially treated for five weeks 
with only a soft prefabricated insole (Holiday, Pedag 
International, Germany). After five weeks each partici-
pant was invited to receive, free of charge, a course of 
experimental therapy as described above.

Outcome measures

Foot Function Index (FFI) questionnaire
The FFI was used to measure the impact of pathology on 
function in terms of pain, disability, and activity restric-
tion. It is a self-administered index consisting of 23 items 
making up three sub-scales. The test-retest reliability of 
total and sub-scale scores ranges from 0.87 to 0.69. Inter-
nal consistency ranges from 0.96 to 0.73.26 The FFI is an 
easily administered clinical index which provides a prac-
tical method of measuring foot function in an outpatient 
setting.26

Perceived Improvement Score (PIS).
The PIS is ascertained by asking a patient to rate his/her 
perceived degree of improvement on a numerical scale 
from 0 to 100%, where 0 means no improvement and 
100% means complete improvement

Timing of measurements
In the Study A, FFI measurements were ascertained at 
baseline. Subsequently, follow-up FFI and PIS meas-
urements were ascertained at one month post-enrolment 
(immediately after 15 treatments), two months post-en-
rolment (one month post-treatment) and seven months 
post-enrolment (6 months post-treatment).
 In Study B, measurements were again obtained at en-
rolment (baseline). Subsequently, both FFI and PIS were 
ascertained at one month post-enrolment (after one month 
of soft orthotic use), and then at two months post-enrol-
ment (immediately after completion of 15 manual ther-
apy treatments in combination with ongoing soft orthotic 
use).
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Statistical Analysis
The percent change in FFI was calculated by subtracting 
the baseline FFI score from the follow-up measurements, 
and then dividing by the baseline score. Percent change 
in PIS was measured directly from the raw questionnaire 
score and therefore required no statistical transformation.
 To test the effects of experimental treatment over time, 
a one-way repeated-measures ANOVA was performed 
for each study. Multiple paired t-tests were performed 
to compare each follow-up measurement to the baseline 
measurement.
 Also, to exploit the controlled before-and-after com-
ponent of the data, the immediate post-treatment per-
cent changes in the FFI and the PIS from the Study A 
group were compared to the corresponding one-month 
post-monitoring period changes in the Study B group 
using a t-test for independent samples. In this latter an-
alysis Study B participants who were issued a prefabri-
cated orthotic and only monitored during the first month 
were used as an external control group for Study A par-
ticipants who were both active custom orthotic users and 
had received experimental manual therapy during the first 
month. For all analyses, statistical significance was set at 
a conventional level of P < 0.05.

Results
Figure 1 depicts the flow of patients and timing of meas-
urements for Studies A and B. A total of forty-one patients 
met initial inclusion criteria and agreed to participate. 
Thirty-one participants were active users of custom orth-
otics and were therefore enrolled into Study A. Ten par-
ticipants were not active custom orthotic users and were 
therefore enrolled into Study B. There were no statis-
tically significant differences between the two groups in 
terms of baseline characteristics except for sex, in which 
case, women accounted for a much higher proportion 
of participants in Study A (Table 1). The most common 
specific diagnoses and/or locations of pain among par-
ticipants involved the heel or Achilles tendon, the plantar 
fascia, and longitudinal arch (Table 2). In this trial, only 
three patients in the Study A group were lost to follow-up 
at six months.

Foot Function Index (FFI)
In the Study A group, the mean FFI score (and standard 
deviation [SD]) was 89.5 (SD, 26.2) at baseline (see Table 

Number screened for eligibility 
(N=45)

Number eligible 
(N=41)

Number who agreed to participate 
and were enrolled 

(N=41)

   

Study A Group 
Already using 

custom orthotics 
(N=31)     

Study B Group 
Not using 

custom orthotics 
(N=10)

  Follow-up 

Immediately after 15 
manual therapy treatments 
(1 month post-enrolment) 

(N=31)     

After initial soft orthotic use 
(1 month post enrolment) 

(N=10)

   

1 month post-treatment 
treatments 

(2 months post-enrolment) 
(N=31)     

After 15 manual therapy + 
ongoing soft orthotic use 

(2 months post enrolment) 
(N=8)

 

6 months post-treatment 
(7 months post-enrolment) 

(N=28)
    

Figure 1: 
Patient flow chart.

1); 51.4 (SD, 33.7) after 15 treatments; 47.5 (SD, 32.5) 
at one month post-treatment, and 37.4 (SD, 28.2) at six 
months post-treatment. Table 3 shows the corresponding 
improvement in percent from baseline at each follow-up 
point. The Study A group maintained a significant reduc-
tion in the mean FFI score at all three follow-up evalua-
tions (one-way ANOVA: F (2, 18) =30.664, p < 0.01).
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Table 1: 
Baseline characteristics of participants.

Study A 
Group

Study B 
Group

n 31 10
Women 22  4

Mean age 45 43

Mean duration of symptoms (years) 3.7  4
Baseline FFI questionnaire 89 94

 
 

Table 2: 
Concomitant specific diagnoses and locations of 

otherwise nonspecific foot pain among participants.

Diagnosis or location n (%)

Heel pain (Achilles tendon) 19 (46)
Plantar fasciitis 13 (31)

Painful arches (interior or exterior) 11 (27)

Metatarsalgia 10 (24)

Big toe pain  7 (17)

Pain in other toes  6 (15)

Ankle pain  3  (7)

Anterior tarsus pain  2  (5)

Painful fat pad  1  (2)
Morton’s neuroma  1  (2)

  *Some patients had multiple diagnoses, therefore, 
total of percentages exceeds 100.

 For the Study B group, the repeated-measures ANOVA 
showed that a statistically significant improvement oc-
curred only after the period of experimental manual ther-
apy. The mean FFI score was 94.3 (SD, 40.7) at base-
line (see Table 1); 77,7 (SD, 32.6) after five weeks (one 
month) of monitoring and soft orthotic use; and 30.7 
(SD, 18.2) after 15 experimental manual therapy treat-
ments (one-way ANOVA F (1, 9) = 11.412, p < 0.01) at 1 
month post-treatment. Again, the corresponding percent 
improvement from baseline is shown in Table 3 for each 
follow-up time point.
 Figure 2 depicts the mean changes in FFI in both 
groups over time. Mean FFI and corresponding SDs are 
presented in Table 3. Admittedly, the two study groups 
(i.e., active users and nonusers of custom orthotics) are 
likely systematically different in terms of unmeasured 
confounders. However, for exploratory purposes only, 
we tested for, and found, a significant difference (t (39) 
= 2.678, p = 0.011) between the two groups at one month 
post-enrollment. Again, this time point corresponds to the 
time at which Study A participants completed 15 experi-
mental manual therapy treatments and Study B partici-
pants completed one month of monitoring and soft orth-
otic use without any manual therapy. Overall, the mean 
percentage of improvement (and standard deviation) was 
47% (SD, 30.4) and 19% (SD, 19.5) for the Study A and 
Study B groups, respectively.

Perceived Improvement Scores (PIS)
The Study A group mean score (and SD) was 58% (SD, 

Table 3: 
Mean percent improvement in Foot Functional Index (FFI) and Perceived Improvement Scale (PIS) scores.

Study A Study B
FFI a PIS b FFI a PIS b

1 month  
post-enrolment

47 (30) 
(after 15 trt’s)

58 (26) 
(after 15 trt’s)

19 (19) 
(after 1 mo. of soft orthotic use)

31 (23) 
(after 1 mo. of soft orthotic use)

2 months  
post-enrolment

49 (29) 
(1 mo. post-trt.)

57 (28) 
(1 mo. post-trt.)

64 (31) 
(after 15 trt’s)

78 (16) 
(after 15 trt’s)

7 months  
post-enrolment

56 (33) 
(6 mo. post-trt.)

58 (33) 
(6 mo. post-trt.)

a  Percent improvement in FFI = ((follow-up FFI – baseline FFI)/baseline FFI) x 100%; with standard deviation of calculated 
improvement scores in parentheses

b  Percent PIS as directly reported on the Percent Improvement Scale; standard deviation of PIS scores in parentheses
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26.2) after 15 treatments; 57% (SD, 28.5) one month 
post-treatment, and 58% (SD, 31) at six months post-treat-
ment (one-way ANOVA: F (2, 60) = 0.007, p > 0.05). 
There was no significant difference in the PIS between 
any of the three follow-up evaluations.
 For the Study B group, the mean PIS (and SD) was 31% 
(SD, 22.9) after one month of prefabricated soft orthotic 
use without experimental manual therapy, and 78% (SD, 
14) after 15 treatments with experimental manual ther-
apy. The repeated-measures ANOVA yielded a significant 
increase in the PIS only after the experimental manual 
therapy period (F (1, 9) =67.314, p < 0.001).
 Between study cohorts, a significant difference was 
tested for, and detected between the groups A and B at 
one month post-enrolment, which corresponds to the time 
that the Study A group completed 15 manual treatments 
(t (39)=2.920, p= 0.006),and the Study B group had com-
pleted one month of monitoring and soft orthotic use 
without any manual therapy. Mean PIS and (and SDs) at 
each individual time are presented in Table 3. Across all 
time points overall, the mean PIS was 58% (SD, 26.2) 
and 31% (SD, 22.9) for the Study A group and Study B 
groups, respectively.
 In these studies, we did not observe any significant 
adverse effects from treatment. There were few reports 
(three) of increased sensitivity in the feet among some 

participants after the first few treatments, however this 
sensitivity invariably diminished subsequently.
 The sum of the above frequency counts exceed 100% 
as many patients had more than one foot problem.

Discussion
The main findings of the two studies are that significant 
improvements in outcomes were detected after immediate 
as well as delayed experimental treatment. In Study A, 
FFI scores improved significantly from baseline follow-
ing 15 sessions (i.e., one month) of experimental manual 
therapy. Similarly, in Study B, FFI scores were seen to be 
significantly greater only after implementation of delayed 
experimental manual therapy.
 A comparison between the two study cohorts also sug-
gested a benefit in favor of experimental manual therapy. 
In this regard, mean improvement in foot pain related dis-
ability (as assessed by the FFI) was more improved in 
the Study A group (47%) than the Study B group (19%). 
A similar benefit in the Study A cohort was observed in 
terms of self-perceived improvement (58% in the Study 
A cohort versus 31% in the Study B cohort). On the 
one hand, these between-cohort comparisons should be 
interpreted cautiously as they are potentially confound-
ed. Theoretically, for example, orthotic users in Study A 
may have been better off socioeconomically and there-

Figure 2: 
Mean and standard deviation bars for foot function over time.
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fore more able to afford orthotics. Similarly, they might 
have been more securely employed and therefore better 
covered by extended health insurance in comparison to 
nonusers of custom orthotics in Study B. Either circum-
stance could have been associated with a superior initial 
outcome in the Study A cohort independent of any effect 
of immediately-administered experimental therapy.
 On the other hand, the results of the between-cohort 
comparisons are consistent with those of our within-co-
hort findings. Our findings are clinically important and 
particularly compelling within Study B, which included a 
five-week monitoring phase prior to the administration of 
experimental treatment. In Study B, the greatest improve-
ments occurred only after the experimental treatment 
phase (from 19% pre-treatment to 64% post-treatment 
improvement in FFI, and from 31% pre-treatment to 78% 
post-treatment for PIS).
 We partially attribute our observed outcomes to the 
targeted treatment of myofascial trigger points. By def-
inition, a trigger point is a hypersensitive zone of harder 
than normal consistency, which triggers pain when stimu-
lated.27,28,29,30 The most pathognomonic symptom of my-
ofascial pain syndrome is the presence of pressure sensi-
tive palpable nodules that replicate the chief complaint 
of the patient.30 Trigger points are thought to develop 
after trauma, overuse or prolonged spasm of muscle.29,31 
Ischemic compression has been demonstrated as being ef-
fective in the treatment of TrPs.27,32,33 When the treatment 
is given carefully, by paying attention to the patient’s 
slightest reaction and asking if the pain is bearable, it is 
likely to be well tolerated.
 We also partially attribute our observed outcomes 
to the mobilization component of our management ap-
proach. Joint mobilization involves manual techniques 
without thrusting or sudden movement. Repetitive passive 
movement of a skeletal joint is performed with the aim of 
achieving a therapeutic effect.34 In the present studies, the 
need for joint mobilization was determined by detection 
of a loss of joint play and/or provocation of pain during 
forceful flexion, extension, or rotation of the articulation 
of the foot. Subsequently, treatment consisted of forcing 
passive movement through the painful articulation, to 
the patient’s limit of tolerance, and then maintaining that 
forceful contact for a duration of 15 seconds. This tech-
nique was repeated at each visit until the pain was com-
pletely eliminated or until the end of the 15 treatments.

 We have found few clinical trials using mobilization, 
ischemic compressions, or massage to counter foot pain. 
Existing studies were conducted on patients with plantar 
fasciitis and hallux problems. Brantingham conducted a 
randomized clinical trial of the treatment of hallux ab-
ductovalgus (bunions).17 Sixty subjects were randomized 
to two groups. The experimental group received mobil-
ization of the first metatarsophalangeal articulation, in 
conjunction with cryotherapy and adjustment of all other 
putative fixations found in the foot and ankle. The pla-
cebo group received de-tuned microcurrent therapy. Six 
treatments were given over a two-week period. Outcomes 
were measured weekly throughout the treatment period 
and then at only one week post-treatment. In terms of 
objective findings, the experimental group showed a sta-
tistically significant improvement post-treatment, which 
was not the case in the control group. In terms of patients’ 
subjective response to treatment, both groups experienced 
a statistically significant decrease in pain perception; 
however, the experimental group achieved a statistically 
significant improvement at one week whereas the placebo 
group did so only at three weeks. Furthermore, a statis-
tically significant improvement in foot pain and related 
disability (as measured using the Foot Function Index) 
was observed in the experimental group only.17

 Another study by Brantingham, this time on plantar 
fasciitis, involved a retrospective review of files of 29 pa-
tients who were treated with manipulations, physiother-
apy, orthotics, and soft tissue massage of the plantar fa-
scia.35 Twenty-two of the 29 patients demonstrated excel-
lent results (defined as greater than 75% pain reduction) 
following an average of eight treatments.
 Sweeting et al. conducted a systematic review of the 
effectiveness of stretching in the treatment of plantar heel 
pain.36 Six studies involving 365 symptomatic patients 
were included in the analysis. They reported that most pa-
tients with plantar heel pain who stretch tend to improve 
over time in terms of both pain and function, but when 
stretching is compared to other interventions, including 
sham treatment, no statistically significant benefit was ob-
served.

Study limitations
Our studies had several limitations. We did not assess the 
reliability of our diagnostic protocol for detecting trigger 
points and foot dysfunction in advance. However, our 
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studies were intended to be preliminary investigations of 
the effectiveness of a manual therapy protocol on trigger 
points and joint hypomobility, as customarily diagnosed 
in everyday clinical practice.
 We acknowledge that our outcomes were collected by 
the principal investigator who was aware of both the study 
questions and the phase of treatment for each participant 
at each follow-up visit. Having utilized only two treating 
doctors, our interventionists were not necessarily repre-
sentative of other chiropractors in the general community. 
Furthermore, while we detected statistically significant 
differences, our sample sizes were small and therefore our 
point estimates are likely unstable and will require further 
corroboration in larger studies.
 Also, our findings are potentially vulnerable to vari-
ous threats to validity that are specifically associated with 
quasi-experimental studies.37 One important threat to 
the validity of findings from a before-and-after study is 
the potential effect of history, meaning that some events 
occurring externally to the study, but concurrently with 
treatment, may affect outcomes independently of the ex-
perimental treatment. However, to our knowledge, our 
study participants were not systematically exposed to any 
events in the community (e.g., a public health initiative 
for foot disorders) that might have coincidentally caused 
the effects that we observed in our studies. A more likely 
threat to validity in our studies is maturation, or the effect 
of naturally occurring changes in outcomes (i.e., foot pain 
and related disability) over time, which could easily be 
confused with the effect of experimental treatment. How-
ever, this phenomenon is unlikely to account for the fact 
that the timing of clinical improvement among both of our 
study cohorts coincided precisely with the timing of two 
differently timed intervention periods (early treatment 
in Study A, and delayed treatment in Study B). Finally, 
regression to the mean is yet another potential threat to 
the validity of our observed effects. Admittedly, our study 
participants may have been seeking treatment (and were 
therefore enrolled) at a time when they were particularly 
disabled by their symptoms. In such patients, a natural 
regression from higher to lower disability status over the 
study period might have occurred independently of treat-
ment, however regression to the mean would also not ex-
plain the observed consistency in the timing of observed 
improvements immediately after each of two different-
ly timed experimental treatment periods. Moreover, the 

Study B cohort was exposed to an initial five-week mon-
itoring period, at the end of which little to no regression 
of baseline outcomes was observed.
 In Study B, our findings were potentially susceptible 
to the effect of experimental mortality in that two sub-
jects declined experimental treatment after the initial 
monitoring phase and were therefore not included in the 
analysis. Finally, participants were not blatantly aware of 
the researchers’ expectations but may have had personal 
expectations for improvements in outcomes following ex-
perimental manual therapy exclusively.

Conclusion
Our findings constitute preliminary evidence that myo-
fascial therapy consisting of ischemic compressions and 
joint mobilizations may reduce the symptoms of patients 
suffering from chronic non-specific foot pain. The study 
intervention was heterogeneous and tailored to each indi-
vidual patient, however it was applied pragmatically and 
consistent with the way in which it would be adminis-
tered customarily in everyday clinical practice. A treat-
ment period of five weeks was associated with improved 
self-reported outcomes. We hope these preliminary find-
ings provide a foundation for other researchers to further 
evaluate the effectiveness of our approach within ran-
domized controlled trials.
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Book Review

Trigger Point Dry Needling: An Evidenced and 
Clinical-Based Approach 
Jan Dommerholt and Cesar Fernandez-de-las-Peñas 
Churchill Livingstone, 2013, 280 pp., 
Hardcover, Price: CAN $108.00 
ISBN: 978-0-7020-4601-8

While trigger point dry needling is becoming a popular 
treatment choice for myofascial pain within North Amer-
ica, there are few texts that adequately present this topic 
in a research driven format while maintaining a clinic-
al approach. With Trigger Point Dry Needling: An Evi-
denced and Clinical-Based Approach, Jan Dommerholt 
and Cesar Fernandez-de-las-Penas accomplish both.
 Part one of this text presents the basic concepts and 
theories that surround myofascial trigger points, offering 
the theorized mechanisms of dry needling from a basic 
science and clinical research perspective. This section re-
views adverse events as well as offering guidelines to im-
prove safety for both the patient and the clinician (aiming 
to reduce needle stick injury risk).
 Part two of this text reviews commonly treated muscles 
within six regional areas, each introduced with clinical 
research. Excellent photography and detailed instruction 
helps to illustrate the practical application of dry needling 
techniques.
 Part three reviews alternate approaches to dry needling 
techniques, such as superficial dry needling and intra-
muscular stimulation (IMS). A chapter presenting dry 
needling from a western medical acupuncture perspective 
adds depth and balance to the text as a whole.
 I would recommend this text to clinicians seeking a 
reference manual in this technique. The text is well writ-
ten and referenced, proving to be helpful in answering 
questions surrounding the clinical rationale and theories 
around dry needling as well as offering an excellent in-
structional review of the technique itself.
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