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presented here refer to radiation toxicity in
this organ. However, the mechanisms of
radiation injury, and especially those of
chronic radiation fibrosis, are similar in
most tissues. Therefore, the data and inter-
ventions discussed in this article also apply
to radiation toxicity in other organs.

Intestinal Radiation Injury

In the United States, every year,
!200,000 patients undergo radiation
therapy for abdominal, pelvic, and retro-
peritoneal malignancies such as gyneco-
logic cancer, colorectal cancer, and pros-
tate cancer. The intestine is a critical
dose-limiting normal tissue in these pa-
tients. Depending on the time of pre-
sentation relative to radiation therapy,
intestinal radiation injury (radiation en-
teropathy) is classified as either acute or
chronic. Figures 2 and 3 depict typical
examples of each.

Acute radiation enteropathy is caused
by the death of rapidly proliferating crypt
cells, resulting in epithelial barrier break-
down and mucosal inflammation. The
predominant symptoms are diarrhea,
nausea, vomiting, and abdominal pain.
They occur during ongoing radiation
therapy and afflict !80% of patients who
undergo treatment for abdominal or pel-
vic tumors. Moreover, in 5% to 15%, the
symptoms of acute gastrointestinal toxic-
ity are so severe that radiation therapy
has to be interrupted or the treatment
plan has to be altered. Hence, acute in-
testinal radiation injury not only reduces
quality of life during cancer therapy, but
also the likelihood of remission.

By convention, symptoms that occur
!3 months after radiation therapy are
considered chronic. However, there is

frequently a latency period of many years
between radiation therapy and the first
clinical presentation of radiation injury.
Chronic radiation enteropathy is charac-
terized by vascular sclerosis and progres-
sive intestinal wall fibrosis, leading to in-
testinal dysmotility and malabsorption.
In severe cases, the condition progresses
to life-threatening complications, such as
intestinal obstruction or extensive fibro-
sis with intestinal failure, that require
surgical intervention or long-term paren-
teral nutrition.

Endothelial Dysfunction and
Normal Tissue Radiation
Toxicity

The predominant mechanism by
which radiation causes tissue injury, both

in tumors and in normal tissues, is by
induction of apoptosis or clonogenic cell
death due to free radical–mediated DNA
damage. In addition, the development of
normal tissue radiation toxicity is
strongly influenced by a sequence of
overlapping events that are due to direct
radiation-induced changes in cell func-
tion and to changes that are indirect re-
sponses to tissue injury. These events in-
clude activation of the coagulation
system, inflammation, epithelial regener-
ation, and tissue remodeling. This com-
plex process is orchestrated by a large
number of interacting molecular signals,
including cytokines, chemokines, and
growth factors (2).

Injury of the vascular endothelium is
presumed to play a central role in the
response of most normal tissues to ion-
izing radiation. This is particularly true
for chronic radiation toxicity, in which
microvascular injury seems to be key to
the unique self-perpetuating nature of
radiation injury (2, 3). However, al-
though vascular sclerosis was recog-
nized as a prominent feature of chronic
radiation injury only 4 yrs after the
discovery of the x-ray, the molecular
link between endothelial injury and
chronic radiation fibrosis in vivo has
remained elusive.

In the acute situation, radiation causes
endothelial cell apoptosis, increased endo-
thelial permeability, expression of chemo-
kines and adhesion molecules, and loss of
vascular thrombo-resistance (4–7). Loss of
vascular thrombo-resistance after exposure
of tissue to ionizing radiation is a result of
decreased fibrinolysis (8), increased expres-
sion of tissue factor (9, 10) and von Wille-
brand factor (11), and decreased expression
of prostacyclin (12) and thrombomodulin
(TM) (13). Increased expression of tissue
factor and increased local thrombin forma-
tion occur not only intravascularly but, be-
cause of increased vascular permeability,
also in perivascular areas and in the extra-
cellular matrix (10). This is consistent with
other reports demonstrating the presence
of interstitial thrombin in conditions asso-
ciated with increased vascular permeability
or inflammation.

The TM–Protein C Pathway in
Radiation-Induced Endothelial
Dysfunction

The TM–protein C (PC) system is a
critical physiologic anticoagulant system.
TM is a transmembrane glycoprotein lo-

Figure 1. The number of new cancer cases, cancer
deaths, and cancer survivors in the U.S. population
during the period 1975–2002. Note the very steep
increase in the number of cancer survivors. Data
obtained from the Surveillance, Epidemiology, and
End Results (SEER) program of the National Can-
cer Institute (http://seer.cancer.gov/).

Figure 3. An example of chronic intestinal radi-
ation injury. A, a normal intestinal resection
specimen. Note the prominent mucosa, thin sub-
mucosa, and barely noticeable subserosa. B, a
small-bowel resection specimen from a patient
operated on for radiation-induced intestinal ob-
struction 30 yrs after radiation therapy of vaginal
cancer. Note the greatly thickened bowel wall
with atrophic mucosa and thick and fibrotic sub-
mucosa and subserosa. Original magnification of
both specimens, 20".

Figure 2. An example of acute intestinal radiation
injury. A, a pretreatment biopsy of rectal mucosa
from a patient with prostate cancer. Note the abun-
dance of epithelium, regular crypts, and a lack of
inflammation. B, a biopsy from the same patient as
in image A after 2 wks of external beam radiation
therapy. Note the disruption of the epithelial bar-
rier, irregular crypts, and prominent inflammation.
Original magnification, 100". Biopsy specimens
are courtesy of Dr. Nils Hovdenak.
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13.7  Million survivors 1/2012 

•  Projected Estimate of 
survivors in 2020 is 18 million 
 
•  65% of those diagnosed with 
cancer will live 5 or more years 
after their diagnosis 
 
 

�  Many “cured” are living with effects of cancer and cancer 
treatments 

�  Cancer is now being defined as a chronic disease that 
is likely to be associated with disability or a change in 
functional status during or after the course of the illness. 

�  Cancer Survivor: 
o  Anyone who has been diagnosed with cancer, from the time of diagnosis 

and treatment through the remaining years of life 

�  Stages of Cancer Survivorship: 
o  Living with cancer: experience of receiving a cancer diagnosis and any 

treatment that may follow (surgery, chemotherapy, radiation, etc) 
o  Living through cancer: period following treatment in which patients are at 

a relatively high risk of a recurrence of their cancer.  
•  Many are relieved that treatment is over but anxious about the fact that they 

no longer see their cancer doctor on a daily, weekly, or monthly basis. 
o  Living beyond cancer: post-treatment and long-term survivorship.  

•  Two thirds of cancer survivors say their lives return to what they knew before 
they had cancer. One third say that physical, psychosocial, or financial 
consequences continue. 
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According to a large study published in 2010 that included 
approximately 90,000 male and female cancer survivors 
sampled from a Medicare database, what is the most likely 
reason for cancer survivors’ distress?  

 

LEVEL OF DISABILITY 
 

“The risk of psychological distress in individuals with cancer 
relates much more strongly to their level of disability than it 
does to the cancer diagnosis itself.” 

  
Banks E, et al. Is psychosocial distress in people living with cancer related to the 
fact of diagnosis, current treatment or level of disability? Findings from a large 
Australian study. Med J Aust. 2010 Sep 6;193(5 Suppl):S62-67  

�  163 community dwelling patients with metastatic breast CA  
�  92% had at least one physical impairment 
�  530 impairments identified 
�  92% of the impairments required physiatry but only 30% 

received this care  
�  88% required PT and/or OT but only 21% received this care  
 
�  Conclusion: More than 90% of patients needed cancer rehab 

but fewer than 30% received this care.  
 
Cheville AL, et al. Prevalence and treatment patterns of physical impairments in patients 
with metastatic breast cancer. J Clin Onc 2008.  

�  160 Head & Neck cancer survivors surveyed on Oncolink 
o  83% swallowing/speaking difficulty 
o  88% decreased saliva production 
o  60% decreased neck mobility 
o  53% concerns about cognitive function 

�  Only 55% discussed concerns with a healthcare provider 
�  Common reasons for not sharing info with providers were:  

o  "I did not think they would care"      
o  "I did not want to upset or anger them" 

�  Need improved survivorship care after treatment, need to 
better educate patients about potential late effects and 
encourage them to report problems to healthcare providers 

Hill-Kayser (Abstract #6135) at ASCO meeting 2012 

 
 
 

“I’m really 
clear on what 
I’m trying to 
say…” 

            © Copyright  All Rights Reserved, Oncology Rehab Partners, LLC. 
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�  Am College of Surgeons’ Commission on Cancer (CoC) 
mandates presence of rehabilitation specialists and 
rehabilitation services at all cancer centers for accreditation 

�  Am Society of Clin Oncology (ASCO) Recommendations for 
High Quality Survivorship Care: 
o  Standardize the long-term follow-up care of cancer survivors  
o  Expand educational programs for clinicians and patients  
o  Legislation to assure access to survivorship care  
o  Focus funding towards survivorship research.  
o  Rehabilitation services listed as essential part of survivorship care 

and educational efforts 
McCabe S. American Society of Clinical Oncology Statement: Achieving high Quality Cancer Survivorship 
care. J Clin Oncol. 2013 
Jemal A. Annual Report to the Nation on the status of Cancer, 1975-2009, featuring the burden and 
trends in HPV associated cancers and HPV vaccination coverage levels.  J Natl Cancer Inst.  2013   

Fig. 1.1 - After being treated for cancer there must be an after care or follow up. The goal is to
lengthen survival time and to improve quality of life as well.

Synonymous terms of rehabilitation in Europe
In practice the term of “oncological rehabilitation” is named very differently in various
countries. What is considered to be oncological rehabilitation in one country would not
be included in rehabilitation in another country (table 1.1).

Table 1.1 - Synonymous terms of rehabilitation in Europe.

France: soins de suite ou de réadaptation, médecine physique et de réadaptation, rééducation
fonctionnelle, réinsertion, réadaptation, reconvalescence

Italy: riabilitazione, medecina fisica e riabilitativa

The Netherlands: revalidatie

Sweden: rehabilitering

Slovakia: rekonditionierung, health spa, fyziatria, balneologia & liecebná rehabiliácia

Great Britain: aftercare, support, rehabilitation

Germany: rehabilitation, Nachsorge, Kur 

The International Classification of Function, Disabilities and
Health (ICF)
The concept behind the practical implementation of rehabilitation is based on the ICF
(International Classification of Function, Disabilities, and Health). As opposed to the
ICD (International Classification of Diseases), which is generally accepted within
curative medicine, this classification system includes not only the biological effects of
illnesses but also the psychosocial aspects. Forms of assistance with participation in social
life are an essential component of the ICF: In addition to the ICIDH classification system
(WHO, 2001; Barat et al., 2004), which was previously common within the field of

4 Rehabilitation and palliation of cancer patients

Physiatry 

Heme-Onc 
Rad-Onc 
Surgery 

PT/OT/ST 
Integrative services 

Nutrition 

Delbruck H. Rehabilitation and Palliation of Cancer patients. 2007 
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– Problems swallowing (23%)
– Urinary symptoms (21%)
– Neuropsychiatric symptoms: disorders of consciousness, cramps, dizziness, restlessness

(20%)
– Skin problems: itching, allergic reactions, infections, decubitus ulcers (16%)
– Dyspepsia (11%)
– Diarrhea (70%)

The rehabilitation team for cancer patients
Rehabilitation is a complex discipline that involves the interaction of numerous
treatment providers, each with a particular area of training (fig. 1.4). Communication
among members of the rehabilitation team, a most critical component, is facilitated
through informal meetings during which specific concerns are shared and discussed.

The value of teamwork in this setting is that the output of the team is greater than the
sum of the individual professional inputs. The teamwork approach scores high because
they can share their expertise and workload. There are fairly blurred margins between the
roles of the team members, successful team’s thrive on everyone contributing despite
professional boundaries.

Fig. 1.4 - The professions most commonly seen in a cancer rehabilitation clinic.

Structural characteristics and interventions in the implementation… 17

speech therapist

self-help group

clergyman

prosthetic therapist

nutritional therapist

ostomy therapist
nurse

vocational adviser

social worker

art therapist

ergotherapist

physiotherapist

psychologist experienced
in oncology

family

physicians
experienced in rehabilitative medecine

and oncology as well

REHABILITATION TEAM

Patient

Delbruck H. Rehabilitation and Palliation of Cancer patients. 2007 

� Restoration of function and quality of life 

� Not organ-based – treat the whole patient 

� Non-surgical management of neurologic, 
musculoskeletal, neuromuscular and lymphatic 
disorders 

A specialist in the identification, evaluation, and rehabilitation 
of neuromuscular, musculoskeletal, lymphatic and functional 
disorders associated with cancer and it’s treatment 

�  Work in conjunction with physical, occupational and speech 
therapists 

�  Collaborate with Pain Management & Palliative Care  

�  Pain 
�  Fatigue 
�  Impaired mobility/decreased ROM 
�  Weakness 
�  Impairment in Activities of Daily Living 
�  Trismus 
�  Cervical dystonia 
�  Cognition (chemo-brain) 
�  Neuropathy/nerve disorders 
�  Lymphedema 
�  Shoulder dysfunction 
�  ALL GENERAL MUSCULOSKELETAL SYMPTOMS 
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� Diagnose – physical exam, ultrasound, EMG 
� Expertly prescribe personalized rehabilitation 

program 
� Bracing/equipment 
� Medication management (pain, neuropathy) 
� Interventional procedures (joint, soft tissue, 

trigger point, nerve blocks, botulinum toxin) 

�  Focused on function 
�  Goal is to return to normal activity 
�  By decreasing: 

o  Pain 
o  Fatigue 
o  Lymphedema 

�  By increasing: 
o  Activity 
o  Strength 
o  Range of motion 

�  Speech 
o  Evaluate and treat problems with expressive and receptive speech 
o  Teach speech with augmentive devices 

�  Swallow 
o  Evaluate and treat problems with swallowing 
o  Prevent malnutrition and dehydration 
o  Barium swallow vs FEES 

�  Cognition 
o  Evaluate and treat memory and executive function 

�  American Cancer Society (ACS) recommends that cancer 
survivors get 30 to 60 minutes of moderate to vigorous 
exercise at least five days each week 

�  Exercise is safe during and after treatment 
�  Can be prescribed and monitored safely and effectively by 

a physiatrist 

�  Benefits of Exercise: 
o  Reduces risk of cancer recurrence  
o  Increases survival time after diagnosis 
o  Improves fatigue   
o  Improves sense of quality of life 
o  Improves cognition 
o  Decreases risk of limb lymphedema 
o  Improves mood and self-confidence 
o  Decreased sleep disturbance 

Klaudia U. Clin Review of physical activity and functional considerations in  
head and neck cancer patients. Support Care Cancer 2013  

Diagnosis Treatment Post -Treatment 

Treatment 

related effects 

Non- treatment  

Neuro –MSK 
problems 

�  Radiation therapy 

�  Surgery 

�  Chemotherapy 



4/3/13	  

5	  

Stubblefield and O’Dell.  Cancer Rehabilitation. 

Radiation Fibrosis Syndrome 
Vascular and Tissue Sclerosis

From:  Stubblefield MD.  Radiation Fibrosis Syndrome.  In: Stubblefield MD 
and O'Dell MW, editors.  Cancer Rehabilitation: Principles and Practice.  New 
York, NY: Demos Medical Publishing; 2009, 723-45.

� Normal � Fibrosis 
Fajardo, LF.  The pathology of ioning radiation as defined by morphologic patterns.  
Acta Oncologica.  2005;44:13-22 
 

Normal pericardium Irradiated pericardium 

Fibrous tissue 
layer 

Adipose tissue 

� Muscle, tendon, ligaments: 
o  Fibrosis, shortening, contracture, muscle 

atrophy 

� Bone: 
o  Can become weak/brittle; osteoporosis, 

fracture 

� Nerve: 
o  Demyelination vs axonal loss 
o  “Myelo-Radiculo-Plexo-Neuropathy” 

� Lymphatic System: 
o  Fibrosis/cording; lymphedema 

Mantle Field (Hodgkin’s) 

Radiation Fibrosis Syndrome 
Radiation Fields for Hodgkin’s Lymphoma

From:  Stubblefield MD.  Radiation Fibrosis Syndrome.  In: Stubblefield MD 
and O'Dell MW, editors.  Cancer Rehabilitation: Principles and Practice.  New 
York, NY: Demos Medical Publishing; 2009, 723-45.

Head and Neck Cancer 

Modified Neck Dissection 
   
          

Gavilan J.Modified Neck Dissection.Operative Techniques in General Surgery, 
Vol 6 (2), June 2004,  83-94 

Scalenes 

Oral & Facial Surgery  
 

�  Nerve: motor or sensory nerve injury 
�  Bone: osteopenia, arthralgia  
�  Skin/mucosa: Mucositis 
�  Muscle: myalgia 
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�  Myofascial Pain 
�  Trismus 
�  Cervical Dystonia 
�  Myelo- Radiculo- Plexo- Neuro-pathy 
�  Spinal Accessory Nerve Palsy 
�  Peripheral neuropathy 
�  Dropped Head Syndrome  
�  Chronic Headaches 
�  Lymphedema 
�  Fatigue 

� Prevalence >50% in all cancer types 
� Prevalence in Head and Neck Cancer 

o  50% have pain prior to treatment 
o  81% have pain during treatment 
o  70% have pain after treatment 
o  36% have pain 6 months after treatment 
o  ~1/3 have pain after 6 months 

•  More severe than pre-treatment cancer induced pain 

Epstein, J et al. Supportive Care Cancer 2010  

� Etiology 
o Myofascial pain 
o Muscle spasm 
o Nerve injury 
o  Fibrosis 
o  Inflammation 
o Muscle overuse due to other weakened muscles 

(mechanical) 

�  Definition: muscle pain caused by “trigger points” 
�  Myo = Muscle 
�  Fascia = connective tissue  

�  A taut band of muscle which may radiate pain when 
pushed 

Sternocleidomastoid Scalenes 
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� Physiatry 
o  Medications 
o  Trigger point injection 

� Physical Therapy 
o  Myofascial release –deep pressure therapeutic 

massage 
o  Stretching 
o  Ultrasound/moist heat/ice 
o  Electrical stimulation (may desensitize) 
o  Address aggravating factors(stress) and ergonomics 

�  NSAIDS 
�  Acetaminophen 
�  Muscle relaxants 
�  Anti-depressants (TCA’s, SNRI’s) 
�  Nerve stabilizing agents (Lyrica, Cymbalta, Neurontin) 
�  Topicals (lidoderm patch, voltaren gel, compounds) 

�  Few studies 
�  RCT of 118 participants with neuropathic pain  

o  Topical amitryptyline/ketamine vs placebo 
o  Mean reduction in pain score 3.22 vs 2.16 (p=0.026) 

�  Advantages: 
o  Patients may have difficulty with pills 
o  Safe due to minimal absorption 
o  Minimal risk of interactions with other meds 
o  Improved patient compliance 
o  Fast acting  
o  Treat multiple pain etiologies 
o  Superficial nature of pain lends well to this mode of treatment 
 

De Leon-Casasola. Multimodal Approaches to the management of 
neuropathic pain: the role of topical analgesia.  J Pain Sym Man 2007:33(3)  

�  Compounding Agents: 
o  Muscle relaxers 

•  Cyclobenzaprine 
•  Baclofen 

o  Nerve stabilizers 
•  Gabapentin 
•  Amitryptyline 
•  Ketamine 

o  Inflammation 
•  Diclofenac  

 
 

Definition 
 

�  A tonic contraction of the 
muscles of mastication or 
TMJ dysfunction causing 
impaired mouth opening. 

  
�  Can be caused by surgery 

and/or radiation. 

�  Can be a cause of pain 
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�  Fibrosis of muscles of mastication (masseters, temporalis, 
pterygoids) 

�  Ectopic firing of trigeminal nerve affecting these muscles  
    à leading to spasm 
�  Contracture of ligaments, tendons, and soft tissues of the 

jaw 
�  Temporomandibular Joint dysfunction  
�  Tumor invasion of muscles of mastication 

� Prevalence: 5-38% in head/neck cancer 
patients.  
o   5% Intensity-Modulated Radiation Therapy (IMRT) 
o  25% Conventional Radiation Therapy 
o  30% Chemo-radiation  

� Latency: <2 years 
 
 
•  Dijkstra PU, Kalk WW, Roodenburg JL. Trismus in head and neck oncology: A systematic  review. Oral Oncol 2004;40:879-889 
•  Louise Kent M, Brennan MT, et al. Radiation-induced trismus in head and neck cancer patients. Support Care Cancer 

2008;16:305-309. 

�  Maximal Incisor Distance(MID) <20-40mm  
�  3 Finger Test  
�  Functional deficits (speech, swallow, dental hygiene) 

Temporalis: 
Elevates and retracts 

mandible 

Masseter: 
Elevates mandible 

Medial Pterygoid:                           
Elevates and protracts mandible, 

 Moves jaw side-to-side 

� Pain Control- neuropathic, anti-spasticity, muscle 
relaxants, injections (corticosteroid, botulinum)  

� Physical Therapy  
o Daily home exercise starting BEFORE RT and 

continues indefinitely 
o  Pain is an indicator to STOP exercise 

� Speech Therapy 
� Meticulous Dental care to prevent cavities 

•  Grandi G, A mobilization regimen to prevent mandibular hypomobility in irradiated patients: 
an analysis and comparison of two techniques. Med Oral Patol Oral Cir Bucal, 2007.  

•  Melchers L. Exercise adherence in patients with trismus due to head and neck oncology: a 
qualitative study into use of the Therabite. Int J Oral Maxillofac 2009.  

•  Shulman DH. Treating trismus with dynamic splinting: a cohort, case series. Adv Ther,2008  

Avoid use of devices during radiation 
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        SYMPTOMS 
� Pain- neck & shoulder 
� Spasms, stiffness 
� Neck postural change 

eventually leading to 
contracture 
o  Contalateral head roatation 

(SCM) & ipsilateral head tilt 
(Scalenes) 

� Fibrosis of neck muscles: scalenes, SCM, traps 

� Spasms due to ectopic firing of motor nerves such 
as the spinal accessory nerve, nerve roots, and 
brachial plexus as a result of damage from radiation 
or surgery 

� Direct muscle damage from radiation  
   (ex: myopathy/myalgia) 

�  Nerve stabilizers 

�  Muscle relaxants- poor pain reliever 

�  Anti-spasticity medications 

�  Trigger point injections- temporary pain relief 

�  Botulinum Toxin- improves pain long term and ROM 

�  Physical Therapy- myofascial release, stretching, soft tissue 
mobilization 

 

�  Cochrane Review 2009 
o  “Virtually all trials suggested that BtA is effective and safe for 

cervical dystonia and that further injection cycles continue to work.  
The adverse effects are transient and rarely severe.” 

o  Greatest benefit is in pain management 
o  Benefits and adverse events dose related 

�  Radiation Fibrosis Syndrome 
o  Cohort of 23 subjects (73 procedures) with tumors involving head 

and neck who received radiation complicated by cervical dystonia 
(78%), trismus (30%), trigeminal neuralgia (43%), and migraines 
(30%) treated with BtA; total 73 procedures 

o  87% self reported benefit 

•  Costa J. Botulinum toxin A therapy for cervical dystonia (review) 2009 
•  Stubblefield M. The Role of Botulinum Toxin Type A in the Radiation Fibrosis 
Syndrome: A Preliminary Report. Archives of Physiclal Medicine and Rehabilitation. 
2008;89(3) 417-421 

�  Adverse effects 2-33% 
o  Dysphagia 
o  Neck weakness 
o  Local injection site pain 
o  Flu-like illness 
o  Headache 
o  Voice change 

�  Effects are Temporary   
o  lasts 3-4 months 
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Ø Target: Sternocleidomastoid and Scalenes 

SCM 

Scalenes 

Before Injection After Injection 

�  Botulinum toxin injected subcutaneously over painful area 
significantly decreased pain at day 28 (p < 0.05) 

�  No difference in pain reduction between low-dose (100 
units) and high-dose (200 units) 

�  No serious adverse effects observed 

 
Wittekindt C, Liu, W,Preuss S, Guntinas-Lichius O. Botulinum Toxin A for Neuropathic Pain After Neck 

Dissection: A Dose-Finding Study.  Laryngoscope 116: July 2006. 

�  Botulinum toxin injected intramuscularly to the 
trapezius and SCM decreased pain significantly at      
day 28 

�  80-320 units botulinum toxin A per patient depending on 
number of trigger points 

�  Significant reduction in chronic pain and shooting pain 
(p= 0.005, p= 0.005) 

Vasan CW. Botulinum Toxin Type A for the treatment of chronic neck pain after neck dissection.  Head 
Neck. 2004: 26(1)39-45 

 From Mantle Field Radiation from Hodgkin’s �  Incidence: 15% MF radiation 
�  Latency: 14mo 
�  Sx: 

o  Ascending weakness to level of XRT 
o  Brown-Sequard Syndrome 
o  Painful paresthesias in dermatomal level of 
       irradiation 
o  Sensory abnormalities in lower extremities 
o  Hyperreflexia, Babinski’s, Hoffman’s 
o  L’hermitte’s sign 
o  Bowel & Bladder changes 

o  Cross NE, Glantz MJ. Neurologic complications of radiation therapy. Neurol Clin N Am 2003;21;249-277.  
o  Johansson S. Radiation induced brachial plexopathies.  Acta Oncologica.2006;45:253-267 

 

Radiation Fibrosis Syndrome 
Myelopathy

• Subacute myelopathy is estimated to occur in as many as 
15% of patients treated with MF irradiation for HD.1

• Clinical manifestations include:
– Spasticity
– Paraplegia / Quadriplegia
– Spinal ataxia
– Funicular pain
– Detrusor sphincter dyssynergia (DSD)
– Dystonia

Cross NE, Glantz MJ. Neurologic complications of radiation 
therapy. Neurol Clin N Am 2003;21;249-277.
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�  Incidence: unclear 
� Sx’s 

o  Dermatomal pain or 
sensory deficits 

o  Myotomal weakness, 
cramping or spasm 

o  Upper cervical (C5, C6) 
nerve roots commonly 
and severely affected 

�  Incidence: unclear 
� Symptoms: 

o  Dermatomal pain or 
sensory deficits 

o  Myotomal weakness, 
cramping or spasm 

o  Upper cervical (C5, C6) 
nerve roots commonly 
and severely affected 
(innervate rotator cuff) 

Radiation Fibrosis Syndrome
Plexus Anatomy

From:  Lewis J, Krol G. Principles of Plexus Imaging.  In: Stubblefield MD 
and O'Dell MW, editors. Cancer Rehabilitation: Principles and Practice. 
New York, NY: Demos Medical Publishing; 2009, 149-160.

�  Incidence: 1% 
�  Latency: 14mo 
�  Symptoms: 

o  Diffuse sensory deficits  
o  Diffuse weakness, cramping or spasm 
o  Myokymia on EMG 
o  Upper trunk most commonly and severely affected 
    (supraspinatus, infraspinatus, biceps) 

Johansson S. Radiation induced brachial plexopathies. Acta Oncologica. 
 2006; 45:253-267  

�  Examples:  
o  Accessory Nerve Palsy, Trigeminal Neuralgia, Recurrent Laryngeal N,  
     Phrenic N, Sciatic N 

�  Etiology: 
o  Surgery:  +/- Nerve sparing procedures 
o  Radiation  

-Johansson S. Radiation induced brachial plexopathies.  Acta Oncologica.2006; 45:253-267  
-Cappiello J. The spinal accessory nerve in head and neck surgery.  Current Opinion in 
Otolaryngology & Head and Neck Surgery. 2007;15(2): 107-111) 
-McGarvey AC. Physiotherapy for accessory nerve shoulder dysfunction following neck dissection 
surgery: a literature review. Head Neck. 2011:33(2):274-280 
 

Depressed and protracted shoulder  
at rest from muscular imbalance 

Inability to raise arm above head 
 secondary to scapular instability 

Radiation Fibrosis Syndrome 
Nemaline Rod Myopathy

Portlock CS, Boland P, Hays AP, Antonescu CR, Rosenblum MK. Nemaline myopathy: 
a possible late complication of Hodgkin’s disease therapy. Hum Pathol 2003;34:816-8.

From:  Stubblefield MD.  Radiation Fibrosis Syndrome.  In: Stubblefield MD 
and O'Dell MW, editors.  Cancer Rehabilitation: Principles and Practice.  New 
York, NY: Demos Medical Publishing; 2009, 723-45.

Myokymia 

(a) Scapular hump (arrow head) and extra-axillary fold (arrow)  
(b) Upward and lateral displacement of spine of scapula on right side as compared 
to left (Comparison of distance between left and right from midline) with winging of 
right scapula (arrow) 
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�  Muscle imbalance: 
o  Weak trapezius (Acess N damage) 
o  Strong Pectorialis (Radiation shield) 

�  Rehab Goal: restore muscular balance 
o  Stretch tight muscles: Pectorialis  
o  Strengthen compensatory muscles:  

•  Rhomboids & Levator Scapulae 

�  Increased risk for further shoulder injury  

� Physical Therapy: Refer EARLY 
o  Scapular stabilization, Proprioceptive Neuromuscular Facilitation 
o  Strengthen compensatory muscles (rhomboids, levator scapula)  
o  Stretch overactive muscles (Pectorialis) 
o  Modalities: Biofeedback, TENS, kinesiotape 

� Orthotics:  
o  Scapula stabilizing brace 

� Surgery: 
o  Scapulothoracic fusion/Scapulopexy 
o  Muscle transfer 

Orthopaedics and Trauma Volume 26, Issue 6 
2012 385 - 390 
 

boosted with the same fraction size for the primary lesion
and involved cervical lymph nodes. Lower neck-
supraclavicular and infraclavicular lymph nodes were irra-
diated by a 6 MV photon beam prophylactically with a
single anterior field for a total dose of 39.6 Gy in 22 frac-
tions (Fig. 1).

A regimen of alternating chemotherapy consisted of 5-FU
700 mg/m2 on days 1–5 and cisplatin 50 mg/m2 on days 6
and 7. Chemotherapy was repeated twice, prior to and
during radiotherapy. Grade 3 mucositis was observed and
morphine and steroids were administered to reduce these
symptoms. Primary tumor and cervical lymph node metasta-
ses completely disappeared at the end of treatment. He was
followed up monthly for 1 year after treatment and then at
every 3 months. There was no evidence of tumor recurrence
and/or distant metastases.

The patient, however, became aware of the difficulty of
looking at the front when riding a motorcycle 2 years after
treatment. This symptom progressed gradually and he
showed abnormal head posture in flexion, resulting in
chin-on-chest deformity (Fig. 2). He was readmitted to our
hospital for a DHS diagnosis. Laboratory findings including
thyroid function and immunology tests showed no abnormal-
ity. Serum creatine kinase level and creatine kinase isozymes
levels were also within normal limits. On examination,
no sensory disturbance or deteriorated muscular strength
was observed, and the deep tendon reflex was normal.

Electromyographic (EMG) findings showed myogenic
changes. CT of the cervical spine showed a marked atrophy
of bilateral paraspinal muscles (Fig. 3). No evidence of
spinal cord pathology was observed. Muscle biopsy was not
performed. Therefore, DHS (INEM) was diagnosed and he
has treated with induction chemoradiotherapy.

DISCUSSION

DHS as a result of radiotherapy is a rare but striking clinical
entity. There have been some case reports in the literature
(4 –11), but no studies have been reported in Japan. It has
been rarely described as a late effect of external beam radio-
therapy for HD (3). Patients with cervical or mediastinal HD
classically underwent extended-field (mantle-field) radiother-
apy. The symptoms developed many years after mantle field
radiotherapy, ranging from 5 to 30 years (most cases occur-
ring by 10 to more than 20 years) (12,13). The weakness

Figure 1. Radiation field and dose distribution of the nasopharynx and the

neck. (a) Computed tomographic (CT) image of the previous treatment.

(b) CT image of the previous 39.6 Gy.

Figure 2. Photograph of the patient extending the neck and showing a

chin-on-chest deformity.

Figure 3. CT findings prior to treatment and 5.5 years after chemoradiother-

apy: marked atrophy of the neck extensor muscles is observed after

treatment.
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Hashimoto Y. Dropped Head Syndrome Induced by Chemoradiotherapy for 
nasopharyngeal Carcinoma: A Case Report.  Jpn J Clin Oncol 2012 

 

HCT: Baseline vs 5.5yrs later 
Attempt at neck extension 40Gy in 22 fractions  

25Gy boost 

�  Dreaded complication 
�  Latency: ~19.7yrs (5-30yrs) 
�  Etiology: not clear 

o  Neurologic injury 
o  Myopathy 

�  Symptoms: 
o  Severe atrophy of cervicothoracic paraspinals and shoulder girdle 
o  Limited ability to maintain head upright 
o  Neck pain 

� Neuropathic pain 
medications 

� Physical Therapy: 
Strengthening 

� Orthosis: 
Headmaster brace 
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�  Timing: began or worsened after cancer therapy  
�  Treatment:  

o  anti-inflammatories 
o  opioids  
o  muscle relaxants 
o  nerve stabilizing agents 
o  physical therapy 
o  trigger point injections 
o  Good efficacy with Botulinum toxin injections 

Stubblefield M. The Role of Botulinum Toxin Type A in the Radiation Fibrosis Syndrome:  
A Preliminary Report. Archives of Physiclal Medicine and Rehabilitation. 2008 

�  Blockage or damage to the lymph nodes or vessels 
o  Surgical removal of the lymph nodes 
o  Radiation induced injury 

�  Protein build up in the tissues underneath the skin 
o  Protein attracts water 
o  Diuretics only moves water, not protein 

 

Normal Lymphedema 

London S. Lymphedema Common After Head and Neck Cancer. Am Co 
Surgeons. 2011  

 

�  Lymphedema Therapy 
o  Manual Lymphatic Drainage 

�  Compression Mask – nocturnal use only 
�  Sleep with wedge- to avoid dependent position 
�  Oral corticosteroid- for internal lymphedema 
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�  Physiatry –  overall coordination of therapeutic care 
o  Medications – pain, spasm (topical/oral) 
o  Injections – corticosteroids, Botulinum toxin 

�  Speech therapy – speech, swallowing, cognition 
�  Physical therapy – trismus, dystonia, lymphedema, MSK 
�  Nutrition – maintain healthy weight 
�  Dentist  
�  Social Work  
�  Psychology/Psychiatry 
�  Surveillance – Oncologist, Surgeons 

�  5yr survival rates continue to rise as death rates decline 
 
�  Cancer is now being defined as a ‘chronic disease’ associated 

with disability during or after the course of the illness 

�  Survivorship Care will become a new focus of research, care 
directives and education 

�  Rehabilitation improves function and quality of life 
�  Can treat multitude of symptoms associated with cancer 

•  Pain, swelling, numbness/tingling, weakness, loss of function 

�  Treat through every stage of survivorship- even decades 
later 

�  Can treat MSK symptoms NOT associated with cancer 

� Mously	  Le	  Blanc,	  MD	  

� 215-‐893-‐2600	  


