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ABSTRACT 

Introduction: This report aims to illustrate the use of point-of-care ultrasound in aiding the 

diagnosis of a partial tibialis posterior tendon tear, a sometimes elusive diagnosis. 

Case Presentation: A 31 year old male presented days after the acute onset of intense pain 

and edema of the medial ankle initiated by a “short jog across the street”. Patient had a 

history of posterior and medial ankle pain following increased activity starting 

approximately 2 months prior.  

Diagnosis: Point-of-care ultrasound showed edema surrounding the tibialis posterior tendon 

at the site of maximal tenderness located inferior to the medial malleolus and partial fiber 

disruption of the tendon was found more proximally, posterior to the medial malleolus, 

indicating a partial tendon tear. 

Conclusion: Point-of-care ultrasound can identify a partial tendon tear of tibialis posterior 

and can be used for reassessment, as needed, throughout the recovery process.  

Key Words: Tendinopathy, Tibialis Posterior, Point-of-care ultrasound, POCUS. 
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INTRODUCTION 

Tibialis posterior tendinopathy is an often overlooked diagnosis.1,2 Differential diagnosis of 

posterior tibialis tendinopathy can be challenging as pain along the tendon’s path may be 

interpreted as Achilles tendinopathy, deltoid ligament sprain, or plantar fasciitis.1 An acute 

full rupture requires surgical consult, but due to the difficulty in diagnosis, in one study, it 

was found that 88% of patients were initially misdiagnosed, and waited an average of 43 

months to receive the correct diagnosis.3 As the tibialis posterior muscle is partly 

responsible for maintaining the medial longitudinal arch, adult acquired pes planus may be 

due to tendon rupture or the more chronic degenerative condition, named “posterior tibial 

tendon dysfunction” (PTTD).4 The clinical presentation of tibialis posterior tendinopathy 

may include: eversion ankle injury, generalized medial ankle pain, medial ankle swelling, 

flexible and asymmetric pes planus with forefoot pronation, and tenderness along the 

tendon’s path.2,4 It would be helpful to be able to screen patients with medial ankle pain for 

tibialis posterior tendinopathy in a cost-effective and time efficient manner and, in 

particular, rule out full rupture. Point-of-care musculoskeletal (MSK) ultrasound may be the 

solution to this problem. 

The use of musculoskeletal (MSK) ultrasound is growing rapidly.5 The advent of high 

frequency portable ultrasounds are making it easier for chiropractors and physiotherapists to 

offer point-of-care MSK diagnostic ultrasound. It does not irradiate the patient and it can 

provide imaging of joint effusion, edema, tendons, nerves, and muscles, which may have 

previously required sending the patient out for a costly MRI. Ultrasound is dynamic; you 

can apply pressure with the probe or move a nearby joint to assess the response of the tissue. 

Fiber disruption and/or visualizing the separation of tendon fibers with joint movement 

would indicate a tear. Increased blood flow can be assessed with color or power doppler 

settings. Increased thickness and a darker (hypoechoic) appearance could be used as an 

indicator of tendinosis. Tibialis posterior tendinopathy is well suited to evaluation via 

ultrasound.6-8 With the appropriate ultrasound system and a sufficiently skilled 

technician/clinician, ultrasound may even be superior to MRI for the evaluation of the 

tibialis posterior tendon.9 

CASE PRESENTATION 

The patient initially presented for physiotherapy treatment of bilateral ankle pain which 

began after a return to tennis following several years of reduced activity. Pain was at its 

worst in the first 10-15 minutes of the day and after tennis. He found ¾ length insoles mildly 

helpful. The chart notes from the physical exam reported: R ankle edema, tenderness over 

all ligaments and soft tissues, and bilateral mid Achilles tenderness. Treatment over 2 visits 

consisted of calf raises, calf stretches, taping the midfoot, and new insoles. The patient 

reported notably reduced pain following treatment. 

Approximately 1 month later, a “jog across the street” triggered intense pain and edema of 

the medial ankle. At the hospital he received a cortisone injection and a radiograph which, 

the patient reported, “found nothing wrong”. Following the cortisone injection he found the 

swelling and pain had reduced almost entirely but partially returned a day later.  
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A couple days after the incident he presented for chiropractic care to address back and neck 

stiffness before flying out on vacation. Although he was not anticipating, nor searching for, 

aid with his ankle issue, a small amount of time was allocated to assessing the ankle, 

particularly via ultrasound imaging. He could bear weight and walk with mild pain at the 

medial ankle. The point of maximal tenderness was inferior to the medial malleolus. 

Ultrasound imaging was then performed with a handheld Clarius L15HD3 (Vancouver, BC, 

Canada), taking approximately 5 minutes to perform. The assessment began over the site of 

maximal tenderness, the inferior medial malleolus. Edema was noted between the tibialis 

posterior and flexor digitorum longus tendons (Figure 1).  Toe flexion was tested and was 

strong and pain free. The tibialis posterior tendon was followed distal to the navicular which 

showed no pathology. Following the tendon more proximally to the posterior medial 

malleolus revealed some fiber disruption, indicating a partial tendon tear (Figure 2).  

 

 

Figure 1: Transverse image of the tibialis posterior tendon in the tarsal tunnel. 

 

 

Figure 2: Longitudinal view of the right tibialis posterior tendon posterior to the medial 

malleolus. Note the fiber disruption indicating a partial tendon tear. 
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DISCUSSION 

While a sudden increase in activities such as tennis could cause plantar fasciopathy or 

Achilles tendinopathy, the tibialis posterior tendon is another implicated structure. Any or 

all of the structures may be involved as well as relevant ligaments. The initial presentation to 

the physiotherapist matches well with the clinical picture of tibialis posterior tendinopathy 

and/or a combination of pathologies. In particular, the relief with an insole suggests the 

tibialis posterior tendon as it is partly responsible for maintaining the medial longitudinal 

arch.6 The tibialis posterior tendon may have developed a tendinosis leaving it weakened 

such that a minor increase in load, such as a jog across the street, resulted in a sudden tear. 

Ultrasound can identify if a full rupture is present which helps ascertain the need for 

referral.6 

This chiropractic visit was not an ideal scenario for an ankle assessment. The patient was 

seeking treatment for back and neck stiffness and not help with his ankle pain, making time 

spent diagnosing the ankle limited. MSK ultrasound, like radiographs, CT scans, or MRIs, 

are not a replacement for a proper history and physical exam. Considering how quickly and 

easily a scan can be performed with a handheld scanner, ultrasound was chosen, as it was 

deemed to be the single most valuable tool. Furthermore, it would be inappropriate to order 

an MRI, CT, or radiograph for every subsequent visit, but ultrasound is a safe, quick, and 

cost-effective imaging modality that can be used to reassess the state of the tendon, as 

needed, throughout the recovery process.6-9   

CONCLUSION 

Posterior tibialis tendinopathy can be challenging to diagnose, and the ability to evaluate the 

tendon within minutes via MSK ultrasound can aid in quickly identifying a partial tibialis 

posterior tendon tear. Point-of-care MSK ultrasound aids in increasing diagnostic accuracy 

which allows for proper management, and can be used, as needed, for reassessment. 

CONSENT 

Written informed consent was obtained from the patient for publication of this case report 

and any accompanying images. A copy of the written consent is available for review by the 

Editor-in-Chief of this journal. 

COMPETING INTERESTS 

The author declares no competing interests.  
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ABSTRACT 

Objective: The purpose of this case report is to describe the results of a woman with pain 

involving an acute gluteal tendinopathy who was treated with spinal manipulation and cold 

laser therapy.  

Methods: A 27-year-old female sought care at a chiropractic clinic for acute pain that was 

located in the left gluteal region. This pain developed following the reintroduction of roller 

skating into her physical activity regimen and was believed to be due to overuse. Following 

the physical examination, the patient was diagnosed with an acute gluteal tendinopathy and 

joint restriction of the left sacroiliac joint. The patient was treated twice over a period of two 

weeks, involving the application of high-velocity low-amplitude manipulation directed at 

the left sacroiliac joint along with cold laser therapy.  

Results: Following this short course of care, the patient reported a complete reduction of her 

symptoms and improvement on her Lower Extremity Functional Scale score. These changes 

appeared to be ahead of the timeframe associated with symptom reduction currently 

mailto:sean.norkus@palmer.edu
https://ianmedicine.org/
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described in the literature.  

Conclusion: Cold laser therapy and sacroiliac joint manipulation was associated with 

favorable outcomes in this case of a young adult female with gluteal tendinopathy.   

Key Words: Tendinopathy, Neuromusculoskeletal, Diagnosis, Gluteal Myalgia, Cold Laser, 

Photobiomodulation  

BACKGROUND 

Establishing a specific tissue-based diagnosis in a patient experiencing deep gluteal pain is 

often unrealistic, even for clinicians with a great deal of experience in musculoskeletal 

diagnosis.1 It is important that clinicians attempt to be as precise as possible when isolating a 

pain generator, as various tissues in this region can produce overlapping symptoms. One 

such example would be the consideration of referred pain from the lumbar region.2 Adding 

to the confusion of diagnosis in this region would be the fact that gluteal pain itself may 

mimic additional pathologies, due in large part to the complexities of both gluteal and pelvic 

anatomy.3 Although rare, one such example of viscerally-generated sacroiliac pain would be 

pseudoaneurysm of the gluteal artery.4 More commonly encountered conditions are also 

capable of inducing pain in in sacroiliac region, including osteoarthritis, sacroiliac joint 

dysfunction, and even hyperparathyroidism.5  

Central to the proper patient treatment is the correct diagnosis. This correct diagnosis not 

only allows for adequate patient communication but is also instrumental in outlining the best 

care appropriate at the time. As low back pain has developed into one of the world’s largest 

healthcare issues, prompt identification of the causative factors of acute low back issues may  

help the patient’s pain from entering the chronic realm.6 

CASE PRESENTATION 

A 27-year-old female presented to a chiropractic clinic with a chief complaint of localized 

pain in her left gluteal region and lateral hip following several days of roller skating. The 

patient also reported both subjective weakness of her left gluteal musculature and pain 

during the stance phase of walking, which is in line with previous publications of gluteal 

tendinopathy.3 Utilizing the Numeric Rating Scale (NRS), the patient’s pain was reported at 

5/10 during walking, lower extremity abduction, and lower extremity extension, and as 0/10 

at rest. This patient also reported a history of surgical repair of a previously torn anterior 

cruciate ligament (ACL) and both the medial and lateral menisci of her left knee. This item 

is potentially relevant as it has been reported that the gluteus medius muscles of fifty percent 

of the patients that underwent this procedure were moderately smaller post-surgery.7  

While a diagnosis of gluteal strain was considered, this was disregarded due to the location 

and presentation of the patient’s symptoms. Specifically, the patient reported both lateral hip 

pain as well as pain reproduction when the area surrounding the greater trochanter was 

palpated, indicating that the pain was not due to gluteal strain.8,9 Static and motion palpation 

of the left sacroiliac joint elicited localized joint pain and reproduced the patient’s chief 

complaint. These findings led to a diagnosis of gluteal tendinopathy and gluteal myalgia due 
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to repetitive stress injury. In an effort to improve the validity of the findings within the case, 

and to aid in future patient communication, the patient also completed a Lower Extremity 

Functional Scale (LEFS) questionnaire before beginning treatment. In this case, the clinician 

utilized OrthoToolKit,10 which showed the patient’s pre-treatment LEFS score was 65/80 

(81.3%). A figure of the patient’s pre-treatment OrthoToolKit LEFS results have been 

included in Figure 1 to provide a visual representation of the score.  

 

Figure 1 - Pre-treatment LEFS Score 

The patient denied any recent trauma and no red flags were discovered that could suggest 

more serious pathology, so a trial of chiropractic care was initiated. At each treatment, the 

therapeutic interventions involved within this trial of care were high-velocity, low-amplitude 

sacroiliac joint manipulation and 10 W cold laser therapy with a LightCure LCT-1000 (New 

Castle, Delaware), which was applied directly over the regions of the gluteus maximus and 

medius insertions and the gluteal tuberosity of the femur. On each of two visits, the patient 

received left-sided sacroiliac joint manipulation and 3,000 joules of cold laser therapy 

(10W/5min). The sacroiliac joint manipulation was performed in a side-posture position and 

was intended to restore motion to the restricted joint. The patient tolerated all interventions 

well and denied adverse events following treatment. After each of the two treatments, the 

patient reported immediate improvement in her gluteal region pain. Following the patient’s 

second visit, the NRS pain rating and Lower Extremity Functional Scale (Figure 2) 

outcomes were repeated. Due to substantial improvement the patient was released from care 

for this condition and instructed to return as-needed, should the condition return.  

 

Figure 2 - Post-treatment LEFS score 

DISCUSSION 

Although the initial case presentation may have seemed straightforward, the treating 

physician was cautious in moving forward before considering the possibility of referred pain 

from more ominous and/or serious sources. As far back as 1982, literature can be found 

outlining the prevalence of roller-skating related injuries in both the experienced and non-

experienced skater.11 Specific to this case, gluteal tendinopathy is the most common of the 

lower limb tendinopathies.8 Clinicians who are faced with the diagnosis of pain in the 

gluteal region should be cognizant of the wide variety of pain generators which have been 

found to cause pain in this region. These can include lumbar disc herniation, deep gluteal 



 

                        10 | J I A N M  –  V o l u m e  1 9 ,  I s s u e  2   

syndrome, and even vascular pathologies.2,4,12 In line with the existing research, this case 

provides further evidence that cold laser can be a useful addition in the conservative 

management of tendinopathy.13  

Of particular interest in this case was the rapid reduction of symptoms. Many individuals 

with gluteal pain have a long-term course of symptomatology due to difficulty in both 

location of the causative tissue and difficulty in therapeutic access of said tissue.1 While the 

benefits of low level laser therapy have been documented in healthcare literature for 

decades, there is still a need for more documentation of the positive effects.14 While minimal 

research exists on the use of cold laser as a therapy for gluteal tendinopathies, low level 

laser therapy and other types of photobiomodulation have been shown to promote healing by 

reducing swelling, inflammation, and pain in a variety of other musculoskeletal conditions.15  

Through laying the anecdotal groundwork of the positive effect of some of these portal of 

entry accessible therapies, it is our hope that more researchers will be provided with the 

foundation to begin larger studies that can examine the mechanisms behind these changes at 

a more microscopic and quantifiable level. The Lower Extremity Functional Scale was 

created to objectively measure the functional abilities in those with a range of lower 

extremity conditions.16 In this case, the utilization of the LEFS provided an opportunity to 

obtain objectively validated data to use as a measure of both treatment effectiveness and 

quantification of subjective patient reports.   

CONCLUSIONS 

Since at least 2015, tendinopathies of both the gluteus minimus and/or medius tendons has 

been established as the most frequently occurring pathology in those individuals with pain 

over the greater trochanteric region.17 The authors hope that other practitioners who utilize 

low level laser therapy in their practices may be inspired to continue to help build the 

existing evidence for the use of this modality in other musculoskeletal conditions through 

publication of the treatment parameters that they have found to be most beneficial for a 

variety of conditions, both acute and chronic.  

With the prevalence of validated outcome tools, it is becoming easier to chart the rapid 

improvement that patients may experience from the combination of therapies such as 

manipulation and cold laser. With the addition of outcome assessment tools to subjective 

patient reported information, case reports become a valid method of providing the 

background data to document the need for future larger-scale studies. 

LIMITATIONS 

Due to the fact that this is a single-patient case report, the results of this report cannot be 

generalized to other individuals presenting with similar conditions.  

CONSENT 

Written informed consent was obtained from the patient for publication of this case report 

and any accompanying images. A copy of the written consent is available for review by the 
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ABSTRACT 

Objective: The purpose of this case study is to discuss a positive outcome of conservative 

therapy on a patient with idiopathic, multi-level radiating neck pain. 

Clinical Features: A 52-year-old male presented to an outpatient chiropractic clinic with 

severe radiating neck pain for ten days with unknown mechanism of injury. Patient states he 

is experiencing numbness and tingling in the left arm into the thumb and index finger as 

well as decreased and painful cervical spine range of motion. Affected activities of daily 

living include cooking, sleeping, eating, driving, and working overhead. Cervical spine 

radiographs and cervical spine MRI were performed revealing multi-level disc herniations 

with degeneration as well as left lateral recess stenosis and a stenotic left neural foramen at 

the level of C5/C6. 

Intervention and Outcome: Treatment included cervical flexion/distraction, class IV cold 

laser, therapeutic ultrasound, axial decompression, shockwave, active rehabilitation, and 

thoracic spinal adjustments. After 6 months of treatment, the patient's VAS score decreased 

mailto:whitney.amosmcnary@palmer.edu
https://ianmedicine.org/
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from a 9/10 to a 2/10.  Patient had visualized increased range of motion and no longer had 

any affected activities of daily living. 

Conclusion: In this case report, a patient benefited from a multimodal approach to 

conservative care. This suggests that combination therapy can be effective for patients with 

multi-level disc herniations and associated radiculopathy. The result of decreased VAS, 

visualized increase in range of motion, along with improvement in activities of daily living 

demonstrate important functional improvement in this patient.  Further study should be done 

on combinations of the chosen modalities to evaluate their combined effectiveness. 

INTRODUCTION 

Cervical radiculopathy is most prevalent in persons 50 to 54 years of age with an annual 

incidence of 107 per 100,000 men, and 64 per 100,000 women.1 Previous instances of 

lumbar radiculopathy, cigarette smoking, and axial load bearing can increase the likelihood 

of experiencing cervical radiculopathy.2 It is described as an impingement and/or irritation 

of cervical spinal nerve and/or nerve root typically characterized by unilateral shooting 

electric pain in the upper limb, neck pain and sensory, motor and/or reflex deficits.3 

Irritation and compression of cervical spinal nerve and/or nerve root can be due to any of the 

following: narrowing of intervertebral foramen (decreased disk height or degenerative joint 

changes), intervertebral disc herniation, infection, inflammatory exudate, physical injury or 

trauma, or spinal tumors.1  

Patients presenting with cervical radiculopathy commonly experience painful neck 

movements and muscle spasms upon examination with or without accompanied motor, 

sensory, or reflex deficits. 1 The most common objective neurologic finding is diminished 

deep tendon reflexes, particularly of the triceps followed by weakness in the C6 and/or C7 

innervated muscles.1 However, clinicians need to keep in mind each patient may present 

differently. To confirm such diagnosis the Spurling test, shoulder abduction test, and the 

upper limb tension test can be performed.1 Typically, imaging is not required unless there is 

a history of trauma, persistent symptoms, or red flags, however cervical spine magnetic 

resonance imaging (MRI) can be helpful to confirm diagnosis.1,2 If peripheral neuropathy of 

the upper extremity is included in the differential diagnosis, electrodiagnostic testing can be 

considered.1 

Nonoperative treatment options for patients with cervical radiculopathy include rest, 

cervical collar, physical therapy encouraging strengthening, stretching and consideration of 

traction therapy, massage, as well as oral medication such as corticosteroids dose-pack, non-

steroidal anti-inflammatory drugs, Tramadol, and muscle relaxants.1,2,4 For patients with red 

flag signs or symptoms that are persistent after four to six weeks of conservative care, an 

MRI may identify any pathology that may be considered appropriate for epidural steroid 

injection or surgery.1 However, these treatment options have higher risks for complications 

compared to the nonoperative options.1,2 This case reviews a nonoperative, multimodal 

treatment approach for a 52-year-old male with acute neck pain with radiating symptoms 

into the left upper extremity.  
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CASE PRESENTATION 

A 52-year-old male sought care at an outpatient chiropractic clinic for neck pain with severe 

radiating numbness and tingling symptoms into the left upper extremity to the thumb and 

index finger with an 8/10 on the Visual Analogue Scale (VAS) during rest and 10/10 during 

activity. Patient reported the symptoms were present for approximately ten days with no 

known mechanism of injury. Patient was seen by another chiropractor three times for 

cervical region chiropractic manipulative therapy (CMT), resulting in no change in 

symptomatology. Patient reported he was a current smoker, employed as a heavy laborer 

with construction work, and a had history of IV drug use. Table 1 indicates relevant cervical 

spine examination findings. Initial differential diagnosis included C5 nerve root irritation 

from facet encroachment or herniated disc. 

 

Table 1  

Cervical Active Range of Motion (AROM) Findings 

Flexion:  

Extension:  

Right Lateral Flexion: 

Left Lateral Flexion: 

Right Rotation:  

Left Rotation: 

normal and pain free 

with pain, severely decreased  

with pain, moderately decreased  

with pain, moderately decreased 

with pain, moderately decreased 

with pain, moderately decreased 

Cervical Passive Range of Motion (PROM)  

Flexion:  

Extension:  

Right Lateral Flexion: 

Left Lateral Flexion: 

Right Rotation:  

Left Rotation: 

normal and pain free 

with pain, moderately decreased  

with pain, moderately decreased  

with pain, moderately decreased 

with pain, moderately decreased 

with pain, moderately decreased 

Neurologic  

Motor/Myotome: 

Deep Tendon/Pathological Reflexes: 

Sensory/Dermatome: 

C5 left graded 2/5 

Biceps (C5) left graded 1+ 

C5/C6 left decreased 

Orthopedic  

Bakody’s Sign: 

Foraminal Compression:     

Maximum Foraminal Compression: 

Cervical Distraction: 

Shoulder Depression: 

+ left for radicular pain 

+ left for radicular pain 

+ left for radicular pain  

+ left for radicular pain 

+ left for radicular pain 
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Following a thorough history and examination with the presence of red flags including pain 

not improving with rest, over age 50, previous IV drug use, and high risk for psychosocial 

overlay, the patient was referred for Davis series radiographs (Figures 1 and 2) which 

revealed stenosis of the left C5/C6 neural foramen. After one month of treatment cervical 

MRI was ordered which revealed multi-level disc herniations with degeneration as well as 

left lateral recess stenosis and a stenotic left neural foramen at the level of C5/C6. 

 

                                

                             Figure 1: Oblique Cervical Spine                    Figure 2: Lateral Cervical Spine  

 

The first course of treatment consisted of cervical flexion/distraction (F&D) coupled with 

class IV cold laser over the C5/C6 region for eight visits; at which time both services were 

discontinued due to lack of positive response by the patient. Cervical axial decompression 

was then implemented with a gradual weight increase (19 - 36lbs of pressure) through two 

decompression protocols along with at-home cervical ROM exercises including cervical 

retractions, cervical flexion, extension, left and right rotation, and left and right lateral 

flexion. During this time, decompression was coupled with heat, which was replaced with 

therapeutic ultrasound, and then replaced with shockwave to help with muscle spasms in the 

left upper thoracic musculature. Patient began active rehabilitation with the addition of 

cervical retraction exercises with the goal to strengthen the anterior cervical musculature, 

which resulted in significant pain reduction. Treatments are described below in Table 2.  
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Table 2 

Visit # Cervical 

F&D 

Laser 

Therapy 

Axial 

Traction 

Heat Ultra- 

sound 

Shock-

wave 

CMT Rehab E-

Stim 

Trigger 

Point 

Therapy 

1,4,5 X X                 

Cervical F/D protocol 1 with 5 minutes of cold laser therapy over posterior cervical spine 

2,7,8 X                   

Cervical F/D protocol 1 

3 X   X               

6 X               X   

9-17,19     X         X     

Cervical axial traction with 19 pounds of pressure that was incrementally increased to 36 pounds of 

pressure over 9 treatments and an angle of 19 degrees 

18  

Re-eval 

            X       

20     X X       X     

21-34     X X             

Cervical axial traction with 36 pounds of pressure at 19 degrees with 10 minutes of moist heat to the 

cervical spine 

35-37     X X X           

Cervical axial traction with 36 pounds of pressure at 19 degrees with 8 minutes of therapeutic ultrasound 

to posterior cervical region and mid-scapular region bilaterally 

38-43, 

45-47, 

49-50, 

53,55,62,

64,67 

    X   X X         

Cervical axial traction with 36 pounds of pressure at 20 degrees for 15 minutes, 10 minutes therapeutic 

ultrasound to posterior cervical region and mid-scapular region bilaterally, 6 minutes extracorporeal 

shockwave therapy at 2000 pulses performed on middle and left lower trapezius 

44  

Re-eval 

    X   X X X     X 

48,52,54, 

57,61,63,

68 

            X     X 

Chiropractic manipulative therapy to thoracic spine using Gonstead technique with 8 minutes trigger 

point therapy to left upper, middle, and lower trapezius and left rhomboid 

51     X   X         X 

56,58-60, 

65-66,70 

    X   X X   X     

Cervical axial traction with 36 pounds of pressure at 20 degrees for 15 minutes, 6 minutes extracorporeal 

shockwave therapy at 2000 pulses performed on middle and left lower trapezius, 3 sets of 15 supine 

cervical retractions, 3 sets of 15 all cervical range of motion exercises 

69     X     X        
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Due to complicating factors such as the patient trying to work through the pain as a 

carpenter without not taking time off, patient age (55 years old), and past medical history 

(previous IV drug user and recent hospital stay for elevated ammonia levels), reduction of 

symptoms took longer than expected. After 6 months of treatment, the patient's VAS score 

decreased from a 9/10 to a 2/10. The patient had observed increased cervical range of 

motion and no longer had any affected activities of daily living. Treatment resulted in a 

reduction of symptoms and the patient was able to fully function at work. 

DISCUSSION 

Cervical radiculopathy symptoms typically occur unilaterally and are dependent on the 

involved nerve root.2 The most commonly affected nerve roots are C6-C7 which can affect 

the first three digits of the hand.2 Cervical radiculopathy may present with or without neck 

pain, can be accompanied by shoulder pain, and can even be absent of radiating pain. Pain is 

not always the presenting complaint as motor, sensory, and/or reflex deficits can present 

without pain.2  

This particular case stands out due to the patient’s presenting symptoms of severe pain with 

neurological deficits along with a high risk of psychosocial overlay, current smoker, 

employed as a heavy laborer with construction work, and a history of IV drug use. Despite 

these complicating factors, the patient was able to steadily progress and eventually make a 

full resolution. The patient’s compliance with care is a strength in this case and allowed for 

consistent treatment with flexion distraction, cold laser, ultrasound, shockwave, 

decompression, and at-home exercises. 

The effectiveness of flexion distraction therapy for cervical radiculopathy literature is 

limited to case studies and retrospective reviews with no recent studies.5 However, with the 

studies that have been performed, clinical success has been found using the flexion 

distraction technique.5 More scientific studies of efficacy and results from utilization of 

flexion distraction technique would provide a benefit in assessing long-term outcomes and 

safety.5 Flexion distraction has been shown to decrease the intradiscal pressure, increase the 

intervertebral disc height and area of the intervertebral foramen, as well as restore 

physiologic motion.5 A case series that followed 27 patients with similar treatment as this 

case report consisting of flexion distraction, CMT, physiotherapy, and rehabilitative 

exercises found 80% had a favorable clinical outcome with improvement of symptoms.6  

A double-blind placebo controlled randomized study in 2010 showed that patients who 

received low-level cold laser therapy had greater improvement with measured flexion and 

extension of the cervical spine, better pain reduction, and greater improvement with quality 

of life than those who received a placebo procedure.7 Another study in 2017 also showed 

therapeutic ultrasound to have similar results with a decrease in cervical radiculopathy 

symptoms and an improvement in quality of life.8 These therapies were each performed 

individually, more studies with combined therapies are needed to demonstrate a possible 

increase in efficacy when performed together. 

Cervical traction decompression therapy, manual therapy, shockwave therapy, and rehab 

exercises for cervical radiculopathy have little to no research to show their effectiveness 
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individually. However, for this particular patient manual therapy and shockwave therapy 

were used to help decrease trigger points found the upper thoracic musculature. One 

systemic review and meta-analysis found that patients who received shockwave therapy in 

their trapezius musculature experienced pain relief in that region, however there is no 

evidence supporting that shockwave therapy is superior to other modalities in providing pain 

relief.9 A case series suggests that implementing deep neck flexor and scapulothoracic 

strengthening exercises may be a suitable strategy for patients with cervical radiculopathy.10 

In this case report the patient did show improvement during the decompression protocol 

while receiving cervical exercises and manual therapy. This is similar to the results of a 

systemic review and meta-analysis from 2018 that found that mechanical traction had 

significant results with pain reduction when added to other modality procedures.11 

There is no consensus for treatment of cervical radiculopathy with little high-quality 

evidence for the best treatment.12,13 The literature on nonoperative treatment for cervical 

radiculopathy seems to point towards a favorable outcome.12 The effectiveness of the 

individual treatments is disputable; however, a multimodal treatment approach may be 

beneficial for patients experiencing cervical radiculopathy.12 The literature tends to align 

with the results of this case showing a positive outcome with flexion distraction, cervical 

mechanical traction/decompression, cold laser, and cervical strengthening exercises for 

cervical radiculopathy.  

CONCLUSION 

Cervical radiculopathy occurs in many different patient populations. It can have varying 

presentations and MRI should only be performed under certain circumstances. Not all 

patients with cervical radiculopathy present with the same symptoms or deficits. Effective 

management of cervical radiculopathy may include many modalities coupled throughout the 

treatment plan. The conservative care used in this case had positive outcomes with results 

consisting of decreased VAS, observed increase in range of motion, along with 

improvement in activities of daily living, constituting a successful treatment for this 

particular patient.  

CONSENT 

Written informed consent was obtained from the patient for publication of this case report 

and any accompanying images. A copy of the written consent is available for review by the 

Editor-in-Chief of this journal. 
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ABSTRACT 

Background: Adolescent idiopathic scoliosis (AIS) is the most common form of spinal 

curve severity affecting individuals 10 to 18 years of age. Surgery is generally reserved for 

curves measuring >50°, whereas bracing and scoliosis-specific exercises are recommended 

for Cobb angles ranging from 10° to 45° in order to prevent curve progression. As the utility 

of Schroth exercises has emerged as a popular option among practising clinicians, the 

purpose of this systematic review is to determine the effect of Schroth exercises on Cobb 

angle progression, quality of life (QoL), and functional capacity in individuals with AIS. 

Methods: Three databases, MEDLINE, PEDro, and CINAHL were systematically searched 

for English-language randomised controlled trials investigating the effect of Schroth 

exercises on individuals with AIS with Cobb angles ≥ 10°. The outcomes of interest were 

mailto:jghorayeb@umhs-sk.net
https://ianmedicine.org/
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the effect of Schroth exercises on Cobb angle, QoL, and functional capacity when compared 

to standard nonoperative care. 

Results: Five RCTs were appraised. Two studies showed no meaningful change in Cobb 

angle that may be accounted for outside of measurement error alone. One study showed 

some change beyond measurement error, but there was no follow-up beyond 12 weeks, and 

another showed some change at 26 weeks that may be attributable to the intervention 

(p=0.001). Only one study found significant improvements in QoL at 10 weeks (p<0.001). 

Of the two studies assessing functional ability, one study found no significant difference at 6 

months follow-up (p=0.89), whereas the other study found significant improvement in 6-

minute walk test (6MWT) at 6 months (p=0.001). 

Conclusion: Insufficient evidence exists to suggest that engaging in Schroth exercises 

results in halting curve progression or regression of Cobb angle in AIS patients in the long-

term. Improvement in quality of life and functional capacity may be realized in the short-

term, though maintenance of such effects remains to be elucidated. Future studies with 

larger sample sizes and longer intervention and follow-up periods are necessary to 

determine the long-term effect of Schroth exercises on Cobb angle, QoL, and functional 

capacity in individuals with AIS. 

Key words: Adolescent idiopathic scoliosis; Rehabilitation; Schroth exercise; Cobb angle; 

Quality of life; Functional capacity 

INTRODUCTION 

Adolescent idiopathic scoliosis (AIS) is the most common form of spinal curve asymmetry 

affecting individuals between 10 to 18 years of age.1 AIS is characterised by lateral 

deviation, axial rotation, and abnormal sagittal curvature of the spine, and is defined as a 

coronal curvature measuring at least 10°. The prevalence of AIS has been reported to range 

between approximately 0.5 to 5% worldwide.2-9 Girls and boys are equally likely to present 

with minor curves of roughly 10°, but females are much more likely to progress to more 

severe curvature.10,11 The mean lifetime prevalence of low back pain in AIS patients is 

reportedly 40%.12 The degree of curvature and accompanying truncal asymmetry can also 

lead to psychological disturbances in the adolescent population.13 

Though the exact etiology of AIS remains to be elucidated, genetic factors have been 

implicated in the development and progression of the condition.14-16 Standing posterior-

anterior and lateral full spine radiographs, including the pelvis, are useful for measurement 

of the Cobb angle from the most tilted caudal and cephalic vertebrae toward the concavity in 

order to quantify the curvature. The main determinants of curve progression include curve 

location and magnitude, skeletal maturity based on age and Tanner stage, onset of menses, 

closure of the triradiate cartilage, Risser sign, and Sanders score.17 Of these factors, the 

initial Cobb angle magnitude and skeletal maturity status show the highest correlation to 

curve progression.18,19   

The International Scientific Society on Scoliosis Orthopaedic and Rehabilitation Treatment 

(SOSORT) classifies AIS by way of Cobb angle as follows: up to 20°, low; 21°-35°, 
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moderate; 36°-40°, moderate to severe; 41°-50°, severe; 51°-55°, severe to very severe; and 

≥56°, very severe.20 The risk of Cobb angle progression in adulthood increases with baseline 

measurements over 26°.18 This degree of curvature also increases the risk of health problems 

and reduction of quality of life (QoL). Reduced exercise tolerance may be evident in 

patients with moderate to severe curves.21 Pulmonary impairment may be significant in 

individuals with Cobb angles >80° and in cases where thoracic rotation is present.13 

Surgical intervention is generally reserved for curves measuring >50°, whereas bracing and 

scoliosis-specific exercises are recommended for Cobb angles ranging from 10° to 45° in 

order to help prevent curve progression.22 Because bracing, either part-time or full-time, 

until skeletal maturity is reached is difficult and necessitates compliance23, scoliosis-specific 

exercise therapy has been utilised as an adjunct to, and a means of increasing compliance 

with, brace treatment.24 Of the various exercise protocols employed in the treatment of 

individuals with AIS, the utility of Schroth exercises has emerged as a popular option 

among practising clinicians.25 

The Schroth method originated in Germany in the 1920s by Katharina Schroth, who 

developed curve-specific exercises to manage her own scoliosis.24 In this method, the ideals 

of de-rotating, elongating, and stabilising the spine in all three anatomical planes are 

addressed in addition to the consideration of muscular symmetry, rotational angular 

breathing, and awareness of posture through stretching and exercising specific muscles.26 

Given the popularity and reported success of the Schroth Method in community practice25, a 

previous systematic review and meta-analysis conducted by Burger et al.27 concluded that 

Schroth exercises have a significant effect on reducing the Cobb angle and improving QOL 

in adolescents with idiopathic scoliosis, however the data presented in that review 

contradicts the aforementioned conclusion, with reported Cobb angle improvements of 1.2, 

which do not reflect a minimal clinically important difference (MCID) in this context.28 

Moreover, contrary to the aim of the aforementioned review, the authors did not focus 

exclusively on randomised controlled trials, as they included a comparative trial by Kim and 

Hwangbo29, which compared Schroth exercises to Pilates in the absence of a control group. 

The aim of this systematic review is to provide a more accurate reflection of the 

effectiveness of the Schroth method by identifying, critically appraising, and evaluating the 

best available evidence regarding the impact, if any, of Schroth exercises on Cobb angle 

progression/reduction, in addition to the effects on QoL and functional capacity when 

compared to standard nonoperative care (e.g., observation and/or bracing) in patients with 

AIS.   

METHODS 

Registration and Reporting  

We registered the review with the International Prospective Register of Systematic Reviews 

(PROSPERO) on May 10, 2022 (CRD42022329295). Our systematic review complies with 

the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 

statement.30,31   
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Search Strategy 

A systematic search strategy was designed and executed from inception through May 6, 

2022 using the following electronic databases: MEDLINE, PEDro, and CINAHL. The 

search terms included subject headings specific to each database (e.g., MeSH in MEDLINE) 

(Appendix 1) and free text words relevant to Schroth exercises as an intervention for AIS 

and the effect on Cobb angle and QoL in the other search databases. Search entries were 

exported to EndNote X9 for reference management and tracking of the screening process.  

Study Selection 

A two-phase approach to screening was used with two independent reviewers screening 

each citation and article. Phase one included screening of titles and abstracts for possible 

relevance. Phase two included full text screening of possibly relevant studies. Any 

disagreement was resolved by discussion between the paired reviewers. All relevant studies 

were independently critically appraised for risk of bias by the two reviewers using the 

PEDro scale. If there were disagreements in the risk of bias assessments between the 

reviewers, then a third reviewer independently assessed for risk of bias and discussed with 

the other two reviewers, until consensus was reached. Meta-analysis or statistical analysis of 

the studies reviewed was not conducted due to the heterogeneity of study participants, 

differences in reported outcome measures, and a limited number of study participants. 

Therefore, narrative analyses were conducted, focusing on participant characteristics, 

interventions employed, and pre- and post-treatment data pertaining to the outcomes of 

interest. 

Inclusion Criteria 

Studies were included if they met the following criteria: (1) published in English and in a 

peer-reviewed journal; (2) investigated the effect of Schroth exercise on Cobb angles 

measuring ≥ 10°, (3) investigated other outcome measures pertaining to QoL and functional 

capacity, (4) study designs were limited to randomised controlled trials (RCTs) only, (5) 

study populations were limited to adolescents with AIS who have not received prior bracing 

or operative care, and (6) comparison groups must have included age-matched participants 

with AIS who received nonoperative care, which entailed observation only or wearing a 

brace or engaging in an exercise regime that may include any form of stretching exercises, 

strengthening exercises, or mobilisation exercises.  

Exclusion Criteria 

RCTs involving individuals with AIS who received prior bracing or operative care in 

addition to cohort studies, case-control studies, case reports, opinions, clinical commentary, 

dissertations, conference posters, abstracts, letters to the editor, and articles without 

scientific data or a report of their methodology were excluded.  

Outcomes  
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The primary outcome of interest was the effect of Schroth exercises on Cobb angle 

compared to standard nonoperative care. Secondary outcome measures include QoL and/or 

tests of functional capacity. 

Data Extraction and Synthesis  

The following data were extracted from each article: study design, participant 

characteristics, condition of interest, interventions employed, and pre- and post-treatment 

data pertaining to the outcomes of interest. Qualifying manuscripts were assessed using the 

PEDro scale. The PEDro scale has been validated as a measure of the methodological 

quality of clinical trials32 assessing internal validity and sufficient statistical information for 

interpretability. The tool uses an 11-point scale based on items from the Delphi list 

developed by Verhagen et al.33 The first point pertains to external validity and is not counted 

toward the overall score, leaving a possible total score of 10. If the trial did not report on a 

particular PEDro criterion, it was scored as if the criterion was not met. A PEDro score of 6 

or greater is deemed high quality evidence, while 4-5 is deemed to be fair quality, and 3 or 

less is poor quality.34 

Inter-observer agreement was calculated using the Kappa statistic.35 Interpretation of Kappa 

values as described by Landis and Koch36 are as follows: < 0 poor inter-rater agreement, 

0.01 to 0.20 as slight agreement, 0.21 to 0.40 as fair agreement, 0.41 to 0.60 as moderate 

agreement, 0.61 to 0.80 as substantial agreement, and 0.81 to 1.0 as almost perfect 

agreement. 

RESULTS 

Figure 1 depicts the flow diagram of articles selected through the review. A total of 875 

entries were identified after conducting the database searches, of which 34 were removed 

due to duplication. A total of 841 abstracts were then screened, and 29 full-text articles were 

selected for further assessment. Following this process, 5 RCTs37-41 met the inclusion 

criteria for this review. The reviewers’ Kappa value for the 5 articles was 1.0 (perfect 

agreement).  

Study Quality and Characteristics 

Table 1 depicts the PEDro score for each of the included studies. The average PEDro score 

of the studies assessed was 7. This is higher than the reported mean PEDro scores of 

musculoskeletal studies (5.08 ±1.7).42 A total of 157 subjects participated across all 5 

studies (141 female; 16 male). Two studies37,39 include the same study participants but 

analyse different outcomes. Four studies38-41 investigated the effect of Schroth exercises on 

Cobb angle, 3 studies37-39 analysed QoL scores, and 2 studies37,40 assessed changes in 

functional capacity. Study participants were similar in age, BMI, and baseline Cobb angle 

measurements. All primary intervention groups employed supervised Schroth exercises. In 

one study38 a secondary intervention group employed the use of home-based Schroth 

exercises. In the remaining studies, control groups underwent observation only or 

bracing39,40, supervised core exercises40, or proprioceptive neuromuscular facilitation (PNF) 

exercises41.  
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flowchart. Adolescent 

Idiopathic Scoliosis; Rehabilitation; Schroth exercise; Cobb angle; QoL 

Description of Interventions 

A full description of the interventions employed across the 5 studies is outlined in Table 2, 

where variations in the dosages of Schroth exercises are evident. The control groups were 

exposed to non-surgical management, which involved Pilates exercises, core exercises, PNF 

exercises, and observation or bracing.  

Table 1. PEDro Scores for Qualified Studies 
 

Study Item 1 Item 2 Item 3 Item 4 Item 5 Item 6 Item 7 Item 8 Item 9 Item 

10 

Item 

11 

Total 

score 

Schreiber 2015 Y Y Y Y N N Y Y Y Y Y 8 

Kuru 2016 Y Y Y Y N N N Y Y Y N 6 

Schreiber 2016 Y Y Y Y N N Y Y Y Y Y 8 

Kocaman 2021 Y Y N Y N N Y Y Y Y Y 7 

Mohamed 2021 Y Y Y Y N N N Y Y Y N 6 

 
PEDro Criteria: Item 1 (Eligibility criteria), Item 2 (Subjects randomly allocated), Item 3 (Allocation concealed), Item 4 (Intervention groups similar), Item 5 (subjects were 

blinded), Item 6 (Therapists administering therapy blinded), Item 7 (All assessors blinded), Item 8 (At least 1 key outcome obtained from more than 85% of subjects initially 

allocated), Item 9 (All subjects received treatment or control intervention or an Intention-to-treat analysis performed), Item 10 (Between group comparison reported for at least one 
variable), Item 11 (study provides both point measures and measures of variability for at least one key outcome) 

 

Citations identified through 

database searching: 

(n=875) 

 

Citations screened using 

title and abstract: 

(n=841) 

Citations screened using full text: 

(n=29) 

Studies included in 

qualitative synthesis: 

(n=5) 

Duplicates removed: 

(n=34) 

Full-text articles excluded: 

(n-24) 

Reasons for exclusion: 

• Ineligible study design (n=19) 

• Non-target intervention (n=2) 

• Oral presentation (n=2) 

• Post-treatment outcomes not 

reported (n=1) 

Ineligible: 

(n=812) 
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Study Study 

Design 

N Study Participant 

Characteristics 

Intervention 

Description 

Control 

Description 

Study 

Duration 

F/U Outcome 

Measures 

 

 

 

 

 

 

Schreiber 

2015 

 

 

 

 

 

 

 

RCT 

 

 

 

 

 

 

50 

(47F, 

3M) 

23F, 2M with mean age 

of 13 years, mean BMI 

of 18 and mean baseline 

Cobb angle of 29 

 

Control group  

24F, 1M with mean age 

of 13 years, mean BMI 

of 20 and mean baseline 

Cobb angle of 28 

Supervised Schroth 

exercises included 5 

1-hour long private 

sessions during the 

first two weeks, 

followed by weekly 

1-hour long group 

classes combined 

with a 30±45 min 

daily home exercise 

program. 

Program duration 

was 6 months 

consisting of 5 

private sessions and 

22 group sessions. 

Observation or 

bracing according 

to SRS 

recommendations. 

 

 

 

 

 

 

 

 

26    

wks 

 

 

 

 

 

 

 

26 

wks 

SRS-22r 

SAQ 

Biering-Sorensen 

test 

 

 

 

 

 

 

 

 

Kuru 

2016 

 

 

 

 

 

 

 

 

RCT 

 

 

 

 

 

 

 

45 

(39F, 

6M) 

Intervention group 

(Supervised Schroth 

exercise) 

15 F, 1M with mean age 

of 13 years, mean BMI 

of 19 and mean baseline 

Cobb angle of 33 

 

Home exercise group  

12 F, 3M with mean age 

of 13 years, mean BMI 

of 20 and mean baseline 

Cobb angle of 30 

 

Control group  

13 F, 2 M with mean age 

of 13 years, mean BMI 

of 18 and mean baseline 

Cobb angle of 30 

Supervised Schroth 

exercises 3x/wk for 6 

wks, 90-min in 

duration. The 

program was taught 

to caregivers and 

patients were asked 

to continue 

performing exercises 

at home for 6 months 

on completion of the 

6 wk program.  

 

Home exercise group 

was taught Schroth 

exercises by a 

physiotherapist and 

were instructed to 

perform exercises at 

home for 6 months. 

Observation only 

 

 

 

 

 

 

 

 

 

 

 

 

6 wks 

 

 

 

 

6 wks, 

12 

wks 

and, 

24 

wks 

 

Cobb 

angle 

F/U at 

24 

wks 

only 

Cobb angle 

Angle of trunk 

rotation 

Height of hump 

Waist asymmetry  

SRS-23 

 

 

 

 

 

 

Schreiber 

2016 

 

 

 

 

 

 

RCT 

 

 

 

 

 

50 

(47F, 

3M) 

Intervention group  

23F, 2M with mean age 

of 13 years, mean BMI 

of 18 and mean baseline 

Cobb angle of 29 

 

Control group  

24F, 1M with mean age 

of 13 years, mean BMI 

of 20 and mean baseline 

Cobb angle of 28 

Supervised Schroth 

exercises included 5 

1-hour long private 

sessions during the 

first two weeks, 

followed by weekly 

1-hour long group 

classes combined 

with a 30±45 min 

daily home exercise 

program. 

Program duration 

was 6 months 

consisting of 5 

private sessions and 

22 group sessions. 

Observation or 

bracing according 

to SRS 

recommendations. 

 

 

 

 

 

 

 

 

26    

wks 

 

 

 

 

 

 

26 

wks 

Cobb angle 
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Table 2. Study Characteristics 
F/U = follow-up; SRS = Scoliosis Research Society; SRS-22 = Scoliosis Research Society 22 questionnaire; SRS-22r = Scoliosis Research Society 22r questionnaire; SRS-23 = 

Scoliosis Research Society 23 questionnaire; SAQ = Spinal Appearance Questionnaire; BMI = Body mass index; PNF = proprioceptive neuromuscular facilitation exercises; 
6MWT = 6-minute walk test 

 

Description of Outcome Measures 

The outcome measures and follow-up periods utilised in 4 of the 5 studies to assess Cobb 

angle are depicted in Table 3. Standard anterior-posterior full-spine radiographs were used 

to measure the Cobb angle in the included studies.38-41 Three studies37,38,41 assessed QoL 

measures utilising different versions of the SRS health-related QoL questionnaire 

(https://www.srs.org/professionals/online-education-and-resources/patient-outcome-

questionnaires). Schreiber et al.37 used the SRS22r, Kuru et al.38 used the SRS23, and 

Kocaman et al.40 used the SRS22.  The questionnaire assesses scoliosis-specific health-

related QoL and consists of five domains: function, pain, mental health, self-image, and 

satisfaction with management. The questionnaire has 22 (SRS-22 and SRS22r) or 23 items 

(SRS-23) and a score between 0 and 5 is given to each item, 0 being the worst outcome and 

5 being the best outcome. Two studies37,41 assessed functional capacity. Schreiber et al.37 

used the Biering-Sorensen test, a validated test to assess the isometric endurance of the 

trunk extensor muscles by measuring the duration in seconds in which a subject is able to 

hold the trunk in extension while fixed to a table. Mohamed and Yousef41 used the six-

minute walk test (6MWT) to ascertain cardiorespiratory capacity. Subjects were asked to 

walk at a steady pace, without running, over 20 metres on an unobstructed and rectangular 

pathway to cover as much distance as possible during 6 minutes. Standing rests may be  

 

 

 

Kocaman 

2021 

 

 

 

RCT 

 

 

28 

(21F, 

7M) 

Intervention group  

10F, 4M with mean age 

of 14 years, mean BMI 

of 20, mean baseline 

Cobb T of 18, and mean 

baseline Cobb L of 16  

 

Control group  

11F, 3M with mean age 

of 14 years, mean BMI 

of 20, mean baseline 

Cobb T of 17, and mean 

baseline Cobb L of 15  

Supervised Schroth 

exercises 3x/wk for 

10 weeks, 90-min in 

duration. 

Total of 30 

supervised sessions. 

Supervised core 

exercises 3x/wk 

for 10 weeks, 90-

min in duration. 

Total of 30 

supervised 

sessions. 

 

 

 

 

 

 

10    

wks 

 

 

 

10 

wks 

Cobb angle 

Angle of trunk 

rotation 

SRS-22 

 

 

 

 

 

 

Mohamed 

2021 

 

 

 

 

 

RCT 

 

 

 

 

 

34F 

Intervention group  

17F with mean age of 15 

years, mean BMI of 19 

and mean baseline Cobb 

angle of 20 

 

Control group 

17F with mean age of 15 

years, mean BMI of 20 

and mean baseline Cobb 

angle of 20 

Supervised Schroth 

exercises 3x/wk for 6 

months, 60-min in 

duration. 

Total of 78 

supervised sessions. 

 

Supervised PNF 

exercises 3x/wk 

for 6 months, 60-

min in duration. 

Total of 78 

supervised 

sessions. 

 

 

 

 

 

 

26    

wks 

 

 

 

 

 

26 

wks 

Cobb angle 

Angle of trunk 

rotation 

Plantar pressure 

distribution 

6MWT 
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taken but the timer must keep going. The score of the test is the distance walked in metres in 

6 minutes. 

Effect of Schroth Exercises on Cobb Angle 

Table 3 depicts the reported means, medians, ranges, standard deviations, and p-values for 

Cobb angles measured at baseline, 10-12 weeks, and 24-26 weeks from four studies.38-41 

Among these studies, two studies38,39 showed no meaningful change in the pre- and post-

intervention Cobb angles that may be accounted for outside of measurement error alone. 

Kocaman et al.40 show some change beyond measurement error, but there is no follow-up 

beyond 12 weeks. Mohamed and Yousef41 showed some change in Cobb angle at 26 weeks 

that may be attributable to the intervention, but no reasonable follow-up is provided beyond 

this.  

In the study by Kuru et al.38, 45 participants (39 female; 6 male) of similar age, BMI, and 

baseline Cobb angle were randomised into 3 groups: 1) supervised Schroth exercise group, 

2) home-based Schroth exercise group, and 3) control group, which entailed observation 

only. The supervised Schroth exercise group met 3 times per week for 6 weeks with each 

session lasting 90 minutes in duration. The program was then taught to their caregivers and 

the intervention group participants were asked to continue to perform the exercises at home 

for 6 months. The home exercise group was taught Schroth exercises by a physiotherapist 

and were asked to perform the exercises at home for 6 months. In comparison of the 3 

groups, changes in Cobb angle were noted in favour of the supervised Schroth exercise 

group, though the changes were so small that they may be attributed to measurement error 

alone. 

In the study by Schreiber et al.39, 50 participants (47 female; 3 male) with AIS of similar 

age, BMI, and baseline Cobb angle were randomised into two groups; the intervention 

group, which entailed undergoing 5 1-hour-long private sessions with a physiotherapist to 

learn the Schroth exercises during the first two weeks of the study followed by engagement 

in weekly 1-hour-long group classes, concluding the study at 6 months. The control group 

underwent observation or bracing in accordance with Scoliosis Research Society (SRS) 

recommendations. Schreiber and colleagues measured the large curve between groups at 6 

months and found a mean Cobb angle decrease by 1.2° in favour of the Schroth exercise 

group and a mean Cobb angle increase by 2.3° in the control group. Again, this change may 

be attributed to measurement error alone and not necessarily a reflection of any meaningful 

post-intervention change. 

In the study by Kocaman et al.40, 28 participants (21 female; 7 male) of similar age, BMI, 

and baseline Cobb angle were randomised into 2 groups: 1) supervised Schroth exercise 

group and 2) supervised core stabilisation exercise group. Both groups met 3 times per week 

for 10 weeks with each exercise session lasting 90 minutes in duration. In comparison of the 

groups, considerable changes in Cobb angle were noted in favour of the supervised Schroth 

exercise group compared to the core stabilisation exercise group (p<0.001). However, there 

is no follow-up beyond this point.       

  



 

                        31 | J I A N M  –  V o l u m e  1 9 ,  I s s u e  2   

In the study by Mohamed and Yousef41, 34 females with similar baseline characteristics 

were randomised into two groups: 1) supervised Schroth exercise group meeting 3 times per 

week to engage in 60 minutes of exercise over a period of 6 months and 2) supervised 60-

minute sessions of proprioceptive neuromuscular facilitation (PNF) exercises 3 times per 

week over 6 months. Some change in Cobb angle was appreciated in both groups (p<0.001) 

with between-group comparison in favour of the Schroth group (p=0.001). However, again 

no reasonable follow-up is noted beyond this point to ascertain whether these effects were 

maintained. 

Table 3. Reported means, medians, ranges, standard deviations and p-values for Cobb angles measured at 

baseline, 10-12 weeks, and 24-26 weeks  

Study Description Baseline 10-12 weeks 24-26 weeks  

mean  SD or  

median (min-max) 

p-value mean  SD p-value mean  SD or  

median (min-max) 

p-value 

Kuru 2016 Schroth exercises  

 

 

Home exercise  

 

 

Control group  

33.48.9  

32.0 (20.0 – 50.0) 

 

30.37.6 

30.0 (20.0 – 40.0) 

 

30.36.6 

28.0 (20.0-45.0) 

0.397 - - 32 (20 – 45) 

 

 

35(20 – 45) 

 

 

32 (22-46) 

- 

Schreiber 2016 Schroth exercises 

 

 

Control group 

29.18.9 

(11.3-44.3) 

 

27.98.8 

(11.7-42.0) 

- - - 27.78.9 

(14.4-43.9) 

 

29.18.8 

(12.1-44.7) 

- 

Kocaman 2021 Schroth exercises 

 

 

Core exercises 

T   17.644.1 

L   15.803.42 

 

T   17.293.45 

L   15.174.02 

- T   9.713.47 

L   9.402.61 

 

T   13.575.03 

L   12.334.37 

<0.001 - - 

Mohamed 2021 Schroth exercises 

PNF exercises 
20.422.57 

20.212.80 

0.40 - - 14.111.96 

17.462.37 

0.001 

 
T = Cobb angle of thoracic spine; L = Cobb angle of lumbar spine 

 

Effect of Schroth Exercises on Quality of Life 

Table 4 depicts the reported means, medians, ranges, standard deviations or standard errors, 

and p-values for QoL measured at baseline, 6 weeks, 10-12 weeks, and 24-26 weeks from 

three studies.37,38,40 Kocaman et al.40 was the only study that found significant improvements 

in QoL in favour of the Schroth exercise group at 10 weeks (p<0.001). 
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Table 4. Reported means, medians, ranges, standard deviations or standard errors, and p-values for QoL measured at 

baseline, 6 weeks, 10-12 weeks, and 24-26 weeks  
 

Study Description QoL 

Measure 

Baseline 6 weeks  10-12 weeks  24-26 weeks  

mean  SD  

or (SE) 

or median 

(min-max) 

p-value mean  SD p-

value 
mean  SD  

or (SE) 

or median 

(min-max) 

p-

value 
mean  SD  

or (SE) 

or median 

(min-max) 

p-

value 

Schreiber 

2015 

Schroth exercises 

Control group 

SRS22r 4.25(0.07) 

4.15(0.07) 

- - - 4.29(0.07) 

4.18(0.07) 

0.83 4.40(0.07) 

4.15(0.07) 

0.08 

Kuru 2016 Schroth exercises 

 

 

Home exercise 

group 

 

 

Control group 

SRS23 3.90.6 

4.2(2.7 - 4.7) 

 

3.90.4 

4.0(3.2 - 4.5) 

 

4.10.4 

4.1(3.3 - 4.6) 

0.452 4.2(3.3 - 4.7) 

 

 

4.0(3.3 - 4.7) 

 

 

4.2(3.3 – 

4.6) 

- 4.3(3.3 - 4.8) 

 

 

4.1(3.5 - 4.8) 

 

 

4.1(3.5 – 4.7) 

- 4.4(3.5 – 5.0) 

 

 

3.9(3.9 - 4.7) 

 

 

4.1(3.0 – 4.7) 

- 

Kocaman 

2021 

Schroth exercises 

Core exercises 

SRS22 3.490.13 

3.480.24 

- - - 4.560.13 

4.300.17 

<0.001 - - 

 
SRS-22 = Scoliosis Research Society 22 questionnaire; SRS-22r = Scoliosis Research Society 22r questionnaire; SRS-23 = Scoliosis Research Society 23 questionnaire 

 

Effect of Schroth Exercises on Functional Capacity 

Table 5 depicts the reported means, standard deviations, and p-values for functional 

capacity measured at baseline, 3 months, and 6 months from two studies.37,41 Schreiber et 

al.37 found that the Schroth exercise group had a significantly longer isometric hold time 

over the control group at 3 months (p=0.04). Though this effect was not maintained at 6 

months follow-up (p=0.89). Mohamed and Yousef41 found significant improvement in 

6MWT in favour of the Schroth exercise group at 6 months follow-up (p=0.001). 

Table 5. Reported means, standard deviations, and p-values for functional capacity measured at baseline, 3 months, and 

6 months  
 

 
6MWT = 6-minute walk test 

 

 

 

Study Description Test Baseline 

 

3 months 6 months 

mean  SD mean  SD p-value mean  SD p-value 

Schreiber 

2015 

Schroth exercises 

Control group 
Biering-Sorensen 

test (sec) 
117.3812.19 

120.9612.30 

149.6312.40 

125.7712.97 

0.04 154.1012.58 

132.0912.83 

0.89 

Mohamed 

2021 

Schroth exercises 

PNF exercises 
6MWT (m) 2889.73 

283.709.45 

- - 3289.63 

284.9411.29 

0.001 
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DISCUSSION 

Our review included five articles with an average PEDro score of 7/10. One study 

investigated the effect of Schroth exercises on Cobb angle only.39 Two studies investigated 

the effect on Cobb angle and QoL38,40. One study investigated the effect on QoL and 

functional capacity36, and one study investigated the effect on Cobb angle and functional 

capacity41. 

Clinicians and researchers consider a 5° change in Cobb angle to be clinically important.28 

The evidence depicted from the included studies suggests that clinical improvement in the 

Cobb angle may be appreciated in as little as 10 weeks40 to as long as 26 weeks41 with 

engagement in supervised Schroth exercises when compared to standard nonoperative care.  

In regard to QoL, while MCID values exist for the SRS-22, this is related to the appearance, 

activity, and pain domains after surgical correction of AIS43, and thus would not be 

applicable with the patient population identified in this review who do not undergo 

operative care. Moreover, the use of MCID has been criticized as an inaccurate, and 

sometimes unattainable, measure among individuals with AIS in this context, prompting 

Kelly et al.44 to propose the utilization of the minimum detectable measurement difference 

(MDMD) as an alternative to the MCID in outcomes research. However, the proposed 

values offered by Kelly et al. also apply to AIS patients who undergo surgical correction, 

rendering a suitable means of detecting MCID or MDMD for AIS patients engaged in 

scoliosis-specific exercises untenable at this juncture. The same paucity of information 

related to MCID in functional capacity among AIS patients who undergo nonoperative care 

also applies. 

The variability in study protocols including the study population, type of interventions 

employed in the control groups, dosage, and outcome measures make it difficult to 

determine the optimal treatment protocol of Schroth exercises. In a meta-analysis conducted 

by Park et al.45, the authors determined that treatment duration of 6 months or longer has a 

large effect size on Cobb angle. Kocaman et al.40 reported regression in Cobb angle within 

10 weeks, which may owe to the dosage of supervised Schroth exercise engagement; 30 90-

minutes sessions over 10 weeks when compared to the dosage applied by Kuru et al.38 (18 

90-minute sessions over 6 weeks). Though, this discrepancy may also be explained by the 

smaller baseline Cobb angles of study participants in the studies by Kocaman et al.40 and 

Mohamed and Yousef41 when compared to the participants in the other studies38,39 who 

presented with larger baseline Cobb angles. This line of reasoning comports with the 

findings reported by Park et al.45, where in their observation the success of Schroth exercises 

was more readily appreciated in individuals with a baseline Cobb angle of less than 30°. 

Kuru et al.38, Schreiber et al.39, and Mohamed and Yousef41 demonstrated that exercise 

consistency maintains Cobb angle improvements at 24 to 26 weeks despite considerable 

differences in baseline Cobb angles. Therefore, it would appear that baseline Cobb angle 

measurement and treatment duration and consistency may serve as primary factors in 

determining the success of Schroth exercises on Cobb angle. This notion comports with 

what we presently understand to be the natural history of AIS.17-19,46 
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Given the nature of RCTs, it is not possible to blind the participants or therapists when 

administering the interventions. This may increase the risk of detection bias.47 Moreover, 

Kocaman et al.40 did not employ allocation concealment, thus decreasing the internal 

validity of their studies and increasing the risk of selection bias.48   

LIMITATIONS 

There are several limitations in this systematic review. The small number of articles 

included indicates that there is little evidence on the use of Schroth exercises for the 

management of AIS. Secondly, the studies reviewed had relatively small sample sizes 

ranging from 24 to 52 subjects. The studies reviewed had short follow-up periods when 

compared to the normative duration of scoliosis treatment of 2-3 years. Moreover, 

individuals with AIS represent a complex heterogeneous group with differing anatomic 

features and health states, making it difficult to define a target population in this context. 

Lastly, the literature search only included articles published in English, excluding available 

evidence from non-English studies that may pertain to some aspect of conservative 

management of AIS.  

CONCLUSION 

In conclusion, there is very low-quality evidence in favour of Schroth exercises engagement 

on Cobb angle, between 10 to 26 weeks, when compared to standard treatment for AIS. 

Improvement in quality of life and functional capacity may also be realized in the short 

term, though maintenance of such effects in the long-term remain to be elucidated. Future 

high-quality studies with larger sample sizes and longer intervention and follow-up periods, 

ideally lasting a minimum of 2 years in duration beyond skeletal maturity, would help to 

further and more confidently ascertain the long-term effect of Schroth exercises on Cobb 

angle, QoL, and functional capacity in individuals with AIS. 
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ABSTRACT 

People with Parkinson’s disease (PD) frequently experience low back pain (LBP). LBP 

often causes significant disability and reduced quality of life. A body of literature exists 

supporting the utility of exercise for the management of LBP in the general population. 

However, no such guideline exists to aid clinicians in exercise prescription for the 

management of LBP for individuals with PD. This descriptive literature review summarizes 

the current knowledge with respect to the mechanism and utility of physical exercise (PE) 

interventions, issues related to exercise prescription, the influence of patient expectations on 

exercise adherence and outcomes, and the process of encouraging behavior modification in 

the context of managing LBP in individuals with PD. The effects of the interventions 

prescribed may vary depending on content-related factors (i.e., type of exercises, dosage, 

frequency, stage of disease progression, etc.) and contextual factors (i.e., treatment setting, 
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access to organized programs, etc.). Patient expectations also significantly influence 

adherence to, and outcomes of, PE. Treatment goals and timing are also important as they 

relate to the amount and type of PE to be prescribed within each stage of the disease and the 

expectation of outcomes of both clinicians and patients, respectively. Despite the need for 

more quantitative and qualitative investigations to further clarify the formulation and dosage 

of PE for patients with PD who experience LBP, this article outlines tailored PE prescription 

recommendations in this context based on the current body of knowledge available at this 

time. 

Key words: Parkinson’s disease; low back pain; exercise 

Key Points: 

• The prevalence of Parkinson’s disease (PD) is on the rise and is expected to continue 

to increase over the next 20 years. 

• Low back pain (LBP) is highly prevalent in individuals with PD with a longer 

duration and higher pain intensity when compared to the general population. 

• Traditional treatment of PD including pharmacotherapy and neurosurgical 

procedures can be effective in treating PD-related symptoms, but cannot slow disease 

progression. 

• Engagement in exercise and physical activity has demonstrated evidence of disease-

modifying capabilities in PD in addition to LBP management. 

• A sound exercise program to manage LBP in the context of PD ought to include a 

combination of aerobic and resistance training, flexibility exercises, gait and balance 

training, postural control exercises, and adjunct therapy, and should be individually tailored 

to the abilities, disease stage, precautions, and goals of each person. 

INTRODUCTION 

Parkinson’s disease (PD) is a progressive neurodegenerative movement disorder defined by 

loss of dopaminergic neurons and the presence of alpha-synuclein within the midbrain.1 PD 

is one of the fastest growing neurologic disorders2, affecting 2-3% of the population over 65 

years of age3 with a yearly incidence estimated to be as high as 35 in 100,0003, and is 

estimated to affect more than 12 million people worldwide by 20404. PD peak prevalence is 

between 85-89 years of age, with the relative risk being 1.4 times higher in men than in 

women2. Beta-adrenergic antagonist, pesticide exposure, and dairy product consumption 

have been identified as potential risk factors in the development of PD. Coffee consumption 

and a history of engagement in physical activity and competitive sports have been shown to 

slow motor and cognitive decline with reduced mortality in those with PD.5    

Pain is a common symptom of PD that negatively impacts quality of life. Patients with PD 

have been reported to experience five distinct types of pain: 1) musculoskeletal pain as a 

result of rigidity and/or skeletal deformity, 2) radicular-neuropathic pain due to either a root 
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lesion, focal or peripheral neuropathy, 3) dystonia-related pain, 4) central pain, and 5) 

akathitic pain.6,7 Of the many musculoskeletal pain conditions affecting individuals with 

PD, low back pain (LBP) is the most prevalent (87.6%) with a longer duration and higher 

pain intensity when compared to the general population.8 Back pain ranks highest in terms 

of disability according to the Global Burden of Disease Study9 and accounts for $134 billion 

in public and private healthcare spending in the United States10.  

Physical Deficits and PD Staging 

The loss of dopaminergic neurons leads to the cardinal physical deficits associated with PD, 

beginning with early and prominent tremors of the hands followed by bradykinesia, 

whereby patients notice that simple everyday tasks take longer to perform. Rigidity proves 

to be  the main obstacle to ambulation for the PD patient, resulting in shorter steps, an 

altered walking pace, reduced arm swing, and postural alterations. Spinal abnormalities and 

gait disturbance appear as a late manifestation of PD with characteristic festination when 

standing, initiating a step, and/or turning.11 

PD may be staged descriptively for impairment and disability using the Hoehn & Yahr 

(H&Y) scale12, which outlines an approximation of symptom progression by assessing 

impairment and disability, with the former equating to objective indicators of the disease 

and the latter being the apparent functional deficits as described in Table 1. The Unified 

Parkinson's Disease Rating Scale (UPDRS) is another rating tool used to gauge the severity 

and progression of PD.13  

Table 1. Stages of PD Progression 

 

Stage Hoehn and Yahr Scale  Modified Hoehn and Yahr Scale 

1 Unilateral involvement only, usually 

with minimal or no functional 

disability 

Unilateral involvement only 

1.5 - Unilateral and axial involvement 

2 Bilateral or midline involvement 

without impairment of balance 

Bilateral involvement without impairment 

of balance 

2.5 - Mild bilateral disease with recovery on 

pull test 

3 Bilateral disease: mild to moderate 

disability with impaired postural 

reflexes; physically independent 

Mild to moderate bilateral disease; some 

postural instability; physically 

independent 

4 Severely disabling disease; still able 

to walk or stand unassisted 

Severe disability; still able to walk to 

stand unassisted 

5 Confined to bed or wheelchair unless 

aided 

Wheelchair-bound or bedridden unless 

aided 
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Mechanisms of Low Back Pain Development in PD 

In addition to age-related degenerative changes that contribute to the development of LBP, 

two prevailing theories have been proposed as mechanisms that describe the increased 

prevalence of LBP among individuals with PD; altered posture and aberrant muscle tone, 

intensifying stress on the soft tissues and bony structures of the lumbar spine.14 Watanabe et 

al. established that increased thoracic and/or thoracolumbar kyphosis as well as reduced 

lumbar range of motion occur in conjunction with progressive sagittal malalignment in the 

absence of sufficient compensatory postural alterations such as reduced thoracic kyphosis 

and pelvic retroversion, correlating strongly with the complaint of LBP and reduced walking 

ability.15 Parkinsonian central pain is also implicated in the development and persistence of 

PD-related LBP due to diminished descending inhibitory control16 and the influence of 

dopaminergic pathways on the basal ganglia and pain pathways17.  

PD-related rigidity has also been implicated with higher pain frequency and intensity. Allen 

et al. found that increased rigidity is strongly associated with pain and interfered with 

engaging in work and activities of daily living, even after adjustment for age and gender.18 

Some evidence suggests that changes in muscle structure and quality may contribute to the 

development of LBP in PD. Margraf and colleagues interpreted focal myopathy among 

patients with PD with camptocormia by way of identifying fatty infiltration in the 

paravertebral muscles as a potential reason for disease progression and muscle 

degeneration.19 Though, the mechanism behind how these findings might contribute to the 

clinical presentation of LBP in the context of PD remains to be understood.  

Treatment of PD and the Role of Exercise in PD 

Pharmacologically, PD is typically managed with Levodopa in combination with Carbidopa 

to reduce adverse effects and improve CNS bioavailability. Anticholinergics or Amantadine 

may be employed if tremors are the primary symptom to be controlled. Selegiline, a 

selective MAO-B inhibitor, is typically used to treat early-stage PD and offers mild 

symptom relief.20 While most anti-Parkinson medications may provide effective symptom 

control, the disease eventually progresses and becomes resistant to pharmacotherapy. In 

such instances, deep brain stimulation  is an effective therapy to treat severe motor 

fluctuations or tremors in advanced PD.21,22 Though, neither pharmacotherapy nor 

neurosurgical procedures confer disease-modifying capabilities in PD.23,24 On the other 

hand, exercise, among other lifestyle factors, has been shown to slow PD progression.25 In 

animal models of PD, regular exercise produces neuroprotective effects against the 

neurotoxins 6-hydroxydopamine (6-OHDA) and 1-methyl-4-phenyl-1,2,3,6-

tetrahydropyridine (MPTP)26,27, which decidedly cause a loss of dopaminergic neurons28. 

Exercise further induces the accumulation of the ketone body D-b-hydroxybutyrate (DBHB) 

in the hippocampus, which in turn promotes the expression of brain-derived neurotrophic 

factor (BDNF); an important protein involved in plastic changes related to learning and 

memory.29-32 Exercise dose has also been shown to play a factor, with greater physical 

activity conferring greater protection.33 In addition to the aforementioned observations, 

attenuation of α-synuclein expression in conjunction with reduced α-synuclein-mediated 

inflammation via downregulation of toll-like receptor 2 and decreased NADPH oxidase 

expression has been observed in MPTP-induced mice following an 8-week treadmill 
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exercise program.34  

With respect to the effect of exercise on individuals with PD, Shulman et al.35 conducted an 

important randomized clinical trial (RCT) of three types of exercise in order to determine 

whether superiority of outcomes exists in favor of one exercise modality compared to 

another. The authors randomized study participants with a diagnosis of PD (H&Y1-3) with 

at least two of the three cardinal signs of tremor, bradykinesia or rigidity in addition to the 

presence of mild to moderate gait impairment across three exercise groups: 1) high-intensity 

treadmill training; consisting of 30 minutes at 70%-80% of heart rate reserve (HRR), 2) 

low-intensity treadmill training (50 minutes at 40%-50% of HRR), and 3) stretching and 

resistance training (2 sets of 10 repetitions on each leg on 3 resistance machines [leg press, 

leg extension, and curl]). All three groups engaged in exercise 3 times per week for 12 

weeks, for a total of 36 sessions. At the conclusion of the interventions, it was determined 

that both types of treadmill training improved cardiovascular fitness with no difference 

between groups. Unsurprisingly, stretching and resistance training resulted in the greatest 

increases in muscle strength and were the only group that improved in the UPDRS motor 

subscale (p<0.05). Moreover, the study authors reported no adverse effects with the 

engagement of either of the aforementioned exercise interventions, and no changes of 

antiparkinsonian medications were made during the trial.  

The aim of this article is to summarize  how exercise therapy exerts its effects on pain 

control, postural correction and control, flexibility, general fitness, gait performance, and 

balance in the context of PD, in addition to offering exercise prescription recommendations 

for this patient population.  

METHODS 

Search Strategy 

A literature search using MEDLINE was conducted from inception to June 2022.  The 

search terms included (e.g., MeSH in MEDLINE) are depicted in Appendix 1.  

Study Selection 

A two-phase approach to screening was used with two independent reviewers screening 

each citation and article. Phase one included screening of titles and abstracts for possible 

relevance. Phase two included full-text screening of possibly relevant studies. Any 

disagreement was resolved by discussion between the paired reviewers.  

Inclusion Criteria 

Studies were included if they met the following criteria: 1) published in English and in a 

peer-reviewed journal; 2) study designs included experimental (Randomised Clinical Trials) 

and observational (Cohort and Case-Control) studies; 3) study populations included adults 

(19+years old); 4) study populations confined to individuals with PD (H&Y 1-5); and 5) 

studies addressed one or more of the physical deficits and/or symptoms associated with PD 

such as aerobic fitness, muscle strength, gait performance, postural correction, flexibility, 
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balance and pain control with some form of exercise as the primary intervention.  

Exclusion Criteria 

Studies which did not include some form of exercise as the primary intervention along with 

perspective articles, opinions, comments, letters to the editor, and articles without scientific 

data or a report of their methodology were excluded. 

RESULTS 

A total of 618 entries were identified after conducting the database searches, of which 44 

were removed due to duplication. A total of 574 abstracts were then screened, and 48 full-

text articles were selected for full-text review. Following this process, 22 studies were 

included in the review. Nine articles related to enhancing general fitness51-56,61,69,74, 4 related 

to improving postural correction77,79-81, 2 related to increasing flexibility85,86, and 7 related to 

balance improvement90-96 in the context of PD. Experimental studies describing the 

mechanisms in which exercise exerts its pain modulating effects in individuals with PD 

were unavailable. Therefore, a broad summary regarding the analgesic properties of exercise 

is offered based on review of 7 articles.38-44 

Pain Control 

Exercise has been shown to be a powerful intervention to lessen the perception of pain as 

well as improve mood and reduce stress.36 The Center for Disease Control and Prevention’s 

opioid prescribing guideline, published in 2016, recommends exercise as a first-line 

treatment in pain management.37 Three distinct mechanisms explain how exercise modulates 

pain symptoms. The first is the reconceptualization of pain-related fear via the development 

of new inhibitory associations that compete with and suppress the original conditioned 

response to movement and physical activity in the individual with pain.38-40 The second 

mechanism describes the effect of painful exercise on the activation of the conditioned pain 

modulation response, where an individual may report a lower pain rating of a primary pain 

complaint in the presence of a secondary painful stimulus.41 Finally, the third mechanism 

highlights exercise’s role in blunting the immune system’s function in exacerbating pain 

states, in turn promoting an anti-inflammatory state with long-term engagement in exercise 

and physical activity.42-44 Various modalities of exercise are capable of exerting pain 

modulating effects in addition to developing favorable phenotypic and functional 

adaptations as described below. 

General Fitness and Gait Performance 

Aerobic training improves general fitness45,46 as well as gait performance and speed in 

patients with PD.47-49 The risk of all-cause and cause-specific mortality is also greatly 

reduced in individuals who engage in both aerobic and muscle strengthening activities at the 

levels recommended by the 2018 physical activity guidelines for Americans.50 Of the 

various modes of aerobic training to enhance cardiorespiratory fitness for individuals with 

PD, treadmill training, overground walking, and cycling have consistently produced the 

greatest improvements in gait performance, speed, stride length, and cadence.51,52 Moreover, 
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the addition of auditory cueing by way of rhythmic auditory stimulation (RAS) may be a 

useful adjunct to gait training, as evidenced by the finding of an RCT conducted by Calabro 

et al.53, in which 50 patients with PD (H&Y 2&3) were randomly allocated to one of two 

groups: 1) treadmill gait training with RAS; where patients were instructed to synchronize 

their footsteps to the beat of the music played during the training sessions, and 2) treadmill 

gait training without the assistance of RAS. Each session lasted 30 minutes in duration and 

was completed 5 days per week over an 8-week period. While both groups demonstrated 

improvements in gait performance at the conclusion of the study, the RAS group 

demonstrated superior improvement in functional gait assessment (FGA), falls efficacy 

scale (FES), timed up-and-go test (TUG), and UPDRS (p<0.001). Both moderate-intensity 

aerobic exercise (50% of HRR) and high-intensity training (HIIT) (85% of HRR) have been 

shown to improve pain symptoms. However, HIIT also improves cardiorespiratory fitness. 

A 6-week moderate-intensity treadmill walking program (50% of HRR) for 52 sedentary 

patients with chronic LBP was compared to a 6-week program involving specific 

strengthening exercises targeting the trunk and upper and lower limbs.54 Walking and 

resistance training were shown to be equally effective in reducing LBP symptoms with no 

significant difference between the two exercise modalities.  

Twenty study subjects with chronic LBP (CLBP) and similar baseline characteristics were 

enrolled in an RCT conducted by Chatzitheodorou et al.55 and were randomly allocated to 

an intervention group consisting of a 12-week high-intensity exercise treadmill program 

(85% of HRR) or a passive treatment group, which included the administration of 10 

minutes of shortwave diathermy, 5 minutes of continuous pulse therapeutic ultrasound, 10 

minutes of low-level laser therapy laser, and 12 minutes of electrotherapy at varying 

intensities per each subject’s tolerance. Study subjects in the high-intensity exercise 

program reported significant reductions in LBP, disability, and psychological strain 

compared to no improvement in the passive treatment group. These findings are further 

supported by a subsequent RCT carried out by Chatzitheodorou and colleagues56, with a 

larger sample size (n=64), in which study subjects with CLBP were randomized into a 

dexamethasone suppression group (dex+) and a control group without dexamethasone 

suppression, and both groups engaged in high-intensity aerobic exercise. Subjects in the 

dex+ group reported a significant reduction in pain complaints and anxiety/depression, in 

addition to improved physical function and adrenocortical responsiveness (p<0.001) when 

compared to subjects in the control group. These findings suggest that for individuals with 

CLBP and associated psychological strain, engagement in high-intensity aerobic exercise 

may be a preferred strategy to induce a cortisol response, as a direct relationship between 

the strength of the cortisol response to a stressor (e.g., exercise) and developing a higher 

pain threshold has been reported in a number of studies.57-60 

A more recent RCT by Harvey et al.61 found that 36 HIIT sessions (85% of maximal heart 

rate) over a 12-week period among patients with PD (H&Y 1-3) with a mean age of 68.5 

years resulted in an increase in peak oxygen consumption by 2.8mLkg-1min-1 in the 

intervention group compared to 1.5mLkg-1min-1 in the control group, suggesting that HIIT 

may be a feasible and acceptable exercise strategy in people with early to mid-stage 

Parkinson’s disease.  
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Because muscle strength declines in almost all patients with PD62, the general physical 

requirements necessary to execute a controlled gait pattern, rise from a chair, and negotiate 

stairs are compromised, in turn increasing the risk of falls. If an individual with PD also 

presents with concomitant low bone mass, the risk of fractures with falls increases, resulting 

in a medical emergency. Strength training, characterized as contracting muscles against 

resistance, is accomplished using free weights, resistance machines, elastic bands, and 

resistance against water or one's own body weight is not only an effective hypoalgesic in 

patients with PD63 but also derives desirable adaptations that counteract the development 

and progression of chronic disease in aging populations64 in addition to reducing all-cause 

mortality.65-68 In individuals with mild to moderate PD, high-force eccentric resistance 

training is both a safe and feasible strategy to bring about favorable adaptations in muscle 

structure and mobility with clinically insignificant serum CK and muscle pain levels 

following training sessions.69 In this landmark study, 10 patients with PD (H&Y 1-3) 

between the ages of 40 and 85 engaged in a 12-week course of high-force eccentric 

resistance training on an eccentric ergometer 3 times per week69 and responded similarly to 

both young70 and frail elderly people71,72 without PD who were exposed to high-force 

eccentric exercise. These findings illustrate the benefits of high force eccentric training for 

patients with PD due to the high levels of muscle force generated in eccentric exercise with 

associated low metabolic demands.73 

Corcos et al.74 conducted a two-year RCT involving pairs of patients with PD who were 

matched by age, sex, disease stage, and off-medication UPDRS-III, and engaged in either 

progressive resistance exercise (PRE), which consisted of a weight lifting program, or the 

Fitness Counts (FC) exercise program, recommended by the Parkinson’s Foundation75, 

which focuses on performing stretches, balance exercises, breathing, and non-progressive 

strengthening exercises. Study subjects engaged in exercise twice per week for 24 months at 

a gym under the supervision of a personal trainer, and were followed for 24 months at 6-

month intervals. At the conclusion of the study, the mean off-medication UPDRS-III score 

decreased more with the PRE group than with the FC group (mean difference: - 7·3 points; 

95% CI: -11·3 to -3·6; p<0.001), denoting a significant improvement in motor signs, 

strength, and movement speed, and physical function.  

Postural Correction 

Common postural abnormalities occurring among patients with PD include camptocormia, 

antecollis, Pisa syndrome, and scoliosis.76 While no formal treatment has been established to 

correct postural abnormalities associated with PD, which may contribute to LBP symptoms, 

several studies have demonstrated positive clinical outcomes with conservative care.  

A retrospective pilot study by Lee et al.77 involving 9 patients with PD (6 inpatient, 3 

outpatient) (H&Y stages 2-4) with camptocormia who engaged in core strengthening and 

back extensor strengthening exercises of varying frequencies (once per week for 3 months v 

twice daily for 5 weeks) in addition to walking with a weighted low-slung backpack showed 

that 8/9 patients achieved a mean camptocormia flexion angle reduction of 20º (p=0.012) at 

3 months post-treatment, in addition to mean changes of 2.788 (p=0.011) and 3.788 

(p=0.012) in UPDRS II and III scores, respectively, reflecting a clinically important 

difference.78  
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Ye et al.79 reported a case of a 70-year-old man with PD and hyperflexion of the 

thoracolumbar supine, which would resolve on recumbent positioning. The patient was 

instructed to perform neck and back extensor exercises daily for 30 minutes and was fitted 

with a cruciform anterior spinal hyperextension brace (CASH). After four months, his 

functional ambulation categories (FAC) score improved from 3 to 5 and his TUG improved 

from 16 seconds to 9 seconds. At the end of a 5-month follow-up, he was reportedly able to 

maintain an improved posture without the brace. 

A pilot study conducted by Lena et al.80 followed 6 patients with PD (H&Y 2-3) with Pisa 

syndrome, and lateral flexion of the trunk (LFT) >10º, who engaged in 10 consecutive 90-

minute exercise sessions, under physiotherapist supervision, to correct postural trunk 

deviation. The patients presented with one of two patterns of muscle hyperactivity, 

confirmed by EMG; either ipsilateral or contralateral to the bending side. At the conclusion 

of the intervention, all participants demonstrated improvement in UPDRS-II, UPDRS-III, 

back pain rating, and LFT degree. Only 1 participant did not show improvement on 

UPDRS-III. 

Gandolfi et al.81 conducted a single-blind RCT involving 37 patients with PD (H&Y ≤4) and 

≥ 5º of forward trunk flexion (FTF) to determine whether a trunk-specific rehabilitation 

program was more efficacious than conventional exercise at improving both postural 

orientation and FTF severity. The experimental group (n=19) engaged in 60-minute 

individualized sessions consisting of active self-correction exercises, trunk stabilization 

exercises, and functional tasks. The control group (n=18) intervention consisted of joint 

mobilization, muscle strengthening and stretching, and overground training and balance 

exercises. Participants in both groups engaged in individualized 60-minute sessions with a 

physiotherapist twice daily for 4 weeks. FTF significantly improved in the experimental 

group at the end of the intervention course (p=0.003) and at the 1-month follow-up 

(p=0.004).  

Flexibility  

Engaging in regular stretching is widely accepted as an essential component of a sound PD 

exercise program82,83, though an optimal dose of stretch therapy remains unknown. When 

coupled with resistance exercise, stretching helps diminish muscle rigidity.84 Some evidence 

demonstrates positive acute effects of stretching, as seen in a recent RCT by Vialleron et 

al.85 In this study, 19 age-matched patients with PD (H&Y 2&3) were randomly allocated to 

a stretching group (n=10); who were exposed to 4 minutes (4 sets x 60 seconds) of triceps 

surae stretching, a sham stretching group (n=9); who were exposed to 4 minutes of forearm 

stretching, and a control group consisting of 10 age-matched healthy older adults who were 

not exposed to any form of stretching. The acute effects of the triceps surae stretching 

intervention demonstrated appreciable improvements in ankle mobility and gait initiation 

with large effect sizes (d ≥ 0.8). The authors concluded that triceps surae stretching ought to 

be integrated into a multicomponent exercise program to include strength, balance, and gait 

training. This notion comports with the findings reported in an RCT by Santos and 

colleagues86, in which patients with PD (H&Y 1&2) with akinesia and rigidity (AR-

subtype), also defined as the “postural instability gait difficulty subtype” (PIGD- subtype)87, 

engaged in 16 PRE training sessions over 8 weeks, beginning with workloads at 40-50% of 
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their tested 1 repetition maximum (1RM) and progressing to 80-85% of 1RM. The PRE 

group realized significant improvements in static posturography, gait, and quality of life 

when compared to AR-subtype patients with PD with matched baseline characteristics in the 

control group. 

Balance  

PD-related axial rigidity also causes various biomechanical impairments that result in 

unfavorable postural alterations such as abnormally stooped posture, which impacts range of 

motion, brings about low back pain, and negatively impacts postural control88,89. Because 

stooped posture has a destabilizing effect on postural control, and the condition may not 

always be fully corrected with exercise or adjunct therapy, patients with PD need to retrain 

their spatial awareness with the postural alterations that they have acquired in order to 

improve their balance and gait so as to prevent falls. Balance training, of various forms, has 

been studied in isolation and in combination with resistance training for individuals with 

early-to-mid stage PD with the general consensus being that highly challenging balance 

exercises yield the greatest positive effects90-94. More recently, Capato and colleagues 

conducted an RCT to evaluate the effectiveness of balance training in individuals with 

advanced-stage PD (H&Y 4). The study results demonstrated that patients who engaged in 

10 45-minute balance training sessions twice weekly, over a 5-week period, supported by 

RAS, realized significant improvements in balance and fall prevention when compared to 

age- and stage-matched controls who engaged in the same balance training program but 

without RAS support. Furthermore, the improvements were retained at 1-month and 6-

month follow-ups.95 These findings are encouraging and suggest that improving balance and 

preventing falls is still possible and a worthwhile goal at this stage of PD progression. 

An RCT conducted by Silva-Batista and colleagues96 compared the effects of three types of 

exercise on balance improvement in patients with PD (H&Y 2&3). Patients were 

randomized into a resistance training group (RT) (n=13), a resistance training with 

instability group (RTI) (n=13), and a placebo-control group (n=13). Study participants in the 

RT and RTI groups engaged in challenging exercises that demanded standing and balance 

for execution twice per week for 12 weeks. The RTI group also utilized various devices 

such as a BOSU ball and balance discs to progressively induce instability that challenged 

balance and postural control during resistance exercise.  The control group engaged in upper 

body machine-based exercises that did not require a standing or balance component for 

execution, at the same frequency and duration as the other groups.  While both the RT and 

RTI groups showed improvements in muscle strength, only the RTI group produced 

significant improvements in balance testing per the BESTest; a widely used clinical balance 

examination with good validity and reliability.97-99 The RTI group showed improved post-

intervention balance test scores with a mean difference of 18% (95% CI=12.7-23.4, p< 

0.001), while the RT group showed no significant changes in balance performance 

(MD=2.9%; CI=−2.4 to 8.2; p=0.579), and the control group showed a significant decrease 

in balance performance (MD=−6.0%; CI=−11.4 to −0.7; p=0.018). The authors concluded 

that the balance improvements realized by the RTI group came as a result of increased force 

production capacity of the plantar flexors and knee extensors, in addition to enhanced 

anticipatory postural adjustments. The RTI group also demonstrated a reduced fear of 



 

                        50 | J I A N M  –  V o l u m e  1 9 ,  I s s u e  2   

falling (p<0.05), supporting the notion that challenging balance training in combination with 

resistance training can decrease barriers to exercise and allow individuals with PD to 

become more confident in executing demanding motor tasks.  

Complementary Physical Interventions  

In addition to the aforementioned exercise modalities, various complementary physical 

interventions have been shown to confer improvements in both motor and non-motor PD 

symptoms. Tai Chi and Qigong, mind-body intervention with roots in martial arts training, 

have demonstrated small-to-medium effects on motor function and balance.100-106 Various 

styles of dance have been shown to improve balance and motor symptom severity in 

individuals with mild to moderate PD.107-110 Technologies that promote healthy behaviors by 

combining video games and exercise have also been employed in the context of PD 

rehabilitation, with evidence demonstrating some effectiveness in the utilization of these 

technologies to improve balance, functional mobility, and cognitive skills.111-114 Aerobic 

boxing programs for patients with PD have surged in popularity and have been promoted as 

an effective means to improve PD motor symptoms.115,116 Though, recent reports suggest 

that the utilization of boxing as an established intervention for PD symptom management 

has expanded beyond the current evidence to substantiate its utilization.117  

DISCUSSION 

Exercise Prescription for LBP in Patients with PD  

While no evidence currently exists to suggest that specific exercises or a specific exercise 

program is superior to another in the context of managing low back pain in the context of 

PD, strong evidence supports the recommendation of programs prescribed for patients with 

PD that involve at least 3 hours of exercise per week, as prescribed by the American College 

of Sports Medicine’s Physical Activity Guidelines for Adults118 and the U.S. Department of 

Health and Human Services Physical Activity Guidelines for Americans119, which 

recommend engagement in a minimum of 150 to 300 minutes per week of moderate-

intensity aerobic physical activity or 75 to 150 minutes per week of vigorous-intensity 

aerobic physical activity or a combination of both and muscle building and bone 

strengthening exercises a minimum of 2 days per week. In addition to the aforementioned 

recommendations, we have modified and adapted our exercise prescriptions to also include 

flexibility and balance training as supported by several high-quality studies120-122, as well as 

prescription exercises for postural correction in those patients who present with postural 

deformities.77,79-81 It is the responsibility of clinicians to tailor the specific exercise programs 

chosen for each patient, based on individual physical deficits and impairments. Therefore, 

the exercises selected must be meaningful to each patient and relevant for them to carry out 

their activities of daily living. Working with experienced rehabilitation professionals at the 

outset in a skilled exercise facility is crucial to reduce the risk of falls and to ensure that the 

prescribed exercises are appropriate and well-tolerated.  Providing patient and family 

education regarding exercise therapy, precautions, and injury/fall prevention, in addition to 

enhancing family and community support and advice regarding exercise adherence will help 

to improve clinical outcomes. 
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We have stratified general exercise prescriptions to improve pain control, general fitness, 

and gait performance, in addition to enhancement of balance and flexibility, and improved 

postural correction, where necessary, across the 5 H&Y stages of PD.  

For individuals with early-stage PD (H&Y 1-2) 

The general goals of treatment during the early stage of PD are to educate patients about the 

disease, promote increased activity and improve strength, endurance, balance, and flexibility 

to enhance functional capacity. Exercise recommendations doses for patients with PD in 

these stages are aligned with the American College of Sports Medicine’s Physical Activity 

Guidelines for Adults123 with modifications to include daily engagement in stretching 

exercises, and balance training performed 3 days per week.  Complete exercise prescription 

recommendations for patients with PD in these stages (H&Y 1-2) are summarized in Table 

2. These recommendations are modified and adapted to also include balance training and 

postural correction exercises, where necessary. 

For individuals with mid-stage PD (H&Y 3) 

The general goals of treatment during the mid-stage of PD are to preserve early-stage goals 

in addition to improving transfer, gait, and reaching performance, improving posture, 

improving steadiness, freezing control, and fall prevention in addition to caregiver 

education.  

For individuals with late-stage PD (H&Y 4-5) 

The general goals of treatment during the late stage of PD are to preserve mid-stage goals in 

addition to maintaining vital functions, preventing contractures and pressure sores, and 

educating caregivers about bed mobility, transfer, ADLs, and exercise. 

Complete exercise prescription recommendations for patients with mid-to-late-stage PD 

(H&Y 3-5) are summarized in Table 3. These recommendations are modified and adapted 

to also include balance training and postural correction exercises, where necessary, and 

align with the most recent recommendations made by the ACSM’s Guidelines for Persons 

with Chronic Diseases and Disabilities (Basic CDD4 Recommendations).124  
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Table 2. Exercise Prescription for PD H&Y 1&2 modified and adapted from American 

College of Sports Medicine Physical Activity Guidelines for Adults                                    

RPE based on modified RPE scale 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Mode Frequency Duration Intensity Progression 
Warm-up and cool-down  

Before and 

after each 

session 

 

 

10-15 min 

 

Easy 

RPE <3/10 

Should be 

maintained 

as transition phase, 

especially for those 

doing higher-

intensity physical 

activity 
Aerobic Training 

• Large-muscle easily 

accessible activities such 

as walking as the basic 

program 

• Types include walking, 

jogging, cycling, 

swimming/water-based 

exercise, or other enjoyable 

physical activities that may 

be sustained over a 

prolonged period of time 

 

 

 

 

 

5+ days/ 

week 

Start at any duration, as 

tolerated 

 

Ultimate weekly goal is to 

build up to a minimum of 

150 to 300 minutes per week 

of moderate-intensity aerobic 

physical activity or 75 to 150 

minutes per week of 

vigorous-intensity aerobic 

physical activity or a 

combination of both  

Light (casual walk) 

RPE of 2 

 

Moderate (brisk 

walk) RPE of 3 

 

Vigorous (like 

jogging) RPE of 4-6 

 

Progression week 

over week in either 

intensity, volume, or 

a combination of 

both should not 

exceed 10% 

Strength Straining 

• High force eccentric 

training 

• Functional gravity-based 

exercises  

• Weight training is an 

alternative for those 

who are interested and 

motivated to do it 

 

 

 

 

2-3 days/ 

week 

 

 

 

 

8-12 repetitions x 2-4 sets 

 

 

 

 

RPE of 3-7 

Build gradually to as 

many sets a day as 

tolerated 

 

 

Stretch Therapy 

 

Major muscle groups and 

calf stretches 

 

 

 

 

Daily 

 

 

 

60 s/stretch, repeat 3x 

 

Entire stretching session  

~ 30 min 

 

 

 

Maintain stretch 

below discomfort 

point 

Discomfort point 

should occur at a 

ROM that does 

not cause instability. 

This discomfort 

point will vary 

between people and 

with different joints 

in each person. 

Balance Training  

 

3 days/ 

week 

 

 

~45 min 

 

 

Somewhat 

challenging 

Supervised side to 

side sways and 

weight shifting, 

along with variable 

footwork exercises 

with the support of 

walkers and other 

assistive devices 

Postural Correction 

 

 

 

 

1-7 

days/week 

 

 

20-90 min/session 

1-2x/day per PT 

recommendation 

 

 

 

To tolerance 

Supervised exercises 

to correct postural 

trunk deviation, 

individually tailored 

to the patient in 

addition to wearing a 

weighted low-slung 

backpack or brace, as 

needed  
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Table 3. Exercise Prescription for PD H&Y 3-5 modified and adapted from Basic CDD4 

Recommendations                                                         

RPE based on modified RPE scale 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Mode Frequency Duration Intensity Progression 
Warm-up and cool-down  

Before and 

after each 

session 

 

 

10-15 min 

 

Easy 

RPE <3/10 

Should be maintained 

as transition phase, 

especially for those 

doing higher-intensity 

physical activity 
Aerobic Training 

• Large-muscle easily 

accessible activities such 

as walking as the basic 

program 

• Types include walking, 

jogging, cycling, 

swimming/water-based 

exercise, or other enjoyable 

physical activities that may be 

sustained over a prolonged 

period of time 

• Walking under supervision 

with assistive devices and 

safety harness 

 

 

 

 

 

5+ days/ 

week 

Start at any duration, as 

tolerated 

 

Ultimate weekly goal is to 

build up to a minimum of 150 

to 300 minutes per week of 

moderate-intensity aerobic 

physical activity or 75 to 150 

minutes per week of vigorous-

intensity aerobic physical 

activity or a combination of 

both  

Light (casual walk) 

RPE of 2 

 

Moderate (brisk walk) 

RPE of 3 

 

Vigorous (like 

jogging) RPE of 4-6 

 

Progression week over 

week in either 

intensity, volume, or a 

combination of both 

should not exceed 

10% 

Strength Straining 

• High force eccentric training 

• Functional gravity-based 

exercises (avoid free weights 

in advanced PD) 

• Weight training is an 

alternative for those 

who are interested and 

motivated to do it 

 

 

 

 

2-3 days/ 

week 

 

 

 

 

8-12 repetitions x 2-4 sets 

 

 

 

 

RPE of 3-7 

Build gradually to as 

many sets a day as 

tolerated 

 

 

Stretch Therapy 

 

 

Major muscle groups and calf 

stretches 

 

Independent and assisted 

stretching exercises  

 

 

 

 

Daily 

 

 

 

60 s/stretch, repeat 3x 

 

Entire stretching session  

~ 30 min 

 

 

 

Maintain stretch 

below discomfort 

point 

Discomfort point 

should occur at a 

ROM that does 

not cause instability. 

This discomfort point 

will vary between 

people and with 

different joints in 

each person. 

Balance Training  

 

3 days/ 

week 

 

 

~45 min 

 

 

Somewhat challenging 

Supervised side to 

side sways and weight 

shifting, along with 

variable footwork 

exercises with the 

support of walkers and 

other assistive devices 

Postural Correction 

 

 

 

 

1-7 

days/week 

 

 

20-90 min/session 

1-2x/day per PT 

recommendation 

 

 

 

To tolerance 

Supervised exercises 

to correct postural 

trunk deviation, 

individually tailored to 

the patient in addition 

to wearing a weighted 

low-slung backpack or 

brace, as needed  
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Barriers to Exercise Engagement and Strategies to Enhance Exercise Adherence  

Perceived barriers to exercise engagement are predictive of exercise behavior. The most 

commonly reported perceived barriers to exercise in healthy older adults include lack of 

interest, poor health, weakness, fear of falling, pain, bad weather, lack of time, and limited 

access to exercise resources.125  In the context of PD, these aforementioned concerns in 

addition to scheduling issues, commuting challenges, medical comorbidities, 

hospitalizations, family demands, and low outcome expectations appear to be the major 

perceived barriers to exercise.126 Moreover, a lack of structured community-based PD-

specific exercise programs may further reduce the motivation for engagement, though 

efforts are being made to adapt and scale such exercise programs to serve the needs of 

patients with PD.127  

Working with an experienced physical therapist, rehabilitation-oriented chiropractor, and/or 

physical trainer who understands how to optimally dose exercise prescription for each 

individual in order to ensure that engaging in exercise is tolerable and sustainable has been 

shown to enhance exercise adherence in this patient population.128 Once individuals are able 

to engage in exercise independently, booster supervised sessions have been shown to 

improve exercise adherence.129 

Exercise snacking, a strategy that calls for breaking up daily exercise recommendations into 

several shorter bouts of physical activity or “exercise snacks” throughout the day has 

demonstrated improvements in cardiorespiratory fitness, metabolic markers of health and 

muscle mass and function in small proof of concept studies130-132. This strategy may prove to 

be worthwhile in enhancing exercise adherence among people with PD. 

Autoregulation 

Autoregulation describes the means of selecting and adjusting training intensity based on 

one’s performance during a given training session. Because consistency of effort during 

every exercise session is unlikely for a variety of reasons, in order to maintain adherence to 

exercise, rate of perceived exertion (RPE), a validated and reliable psycho-physical tool may 

be taught to patients for them to assess their subjective perception of effort exerted during 

physical activity in order to allow them to adjust their level of exertion during physical 

training based on real-time psychological and physiological feedback (Table 4).133   

Table 4. Modified RPE Scale Reproduced from (Haddad 2017) 

 

 

 

 

 

 

Rating     Descriptor 

0   Rest 

1   Very, Very Easy 

2   Easy 

3   Moderate 

4   Somewhat Hard 

5   Hard 

6    
7   Very Hard 

8    
9    

10     Maximal 



 

                        55 | J I A N M  –  V o l u m e  1 9 ,  I s s u e  2   

CONCLUSION 

Low back pain in the context of PD is a complex condition that may be influenced by 

pathology, pain intensity, physical impairment, and psychosocial reinforcements, resulting 

in disability. To date, multiple lines of empirical evidence demonstrate that activities and 

exercises that challenge physical impairments result in improvements in low back pain and 

quality of life among individuals with PD. The exercise prescription recommendations 

outlined in this article exemplify an approach that combines strength training, aerobic 

training, stretching, and balance training, in addition to postural correction exercises, where 

necessary, that is modified across the stages of PD progression based on the current body of 

knowledge available at this time. Future high-quality studies with longer intervention and 

follow-up periods would help to further ascertain the effects of exercise dose and type on 

managing both LBP and PD progression in addition to exploring strategies to enhance 

behavior modification in order to improve adherence, and ultimately, outcomes.  
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APPENDIX 1 
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("exercise"[MeSH Terms] OR "exercise"[All Fields]) AND ("parkinson disease"[MeSH 

Terms] OR ("parkinson"[All Fields] AND "disease"[All Fields]) OR "parkinson 

disease"[All Fields] OR ("parkinson's"[All Fields] AND "disease"[All Fields]) OR 

"parkinson's disease"[All Fields]) AND ("back pain"[MeSH Terms] OR ("back"[All Fields] 

AND "pain"[All Fields]) OR "back pain"[All Fields]) AND ("pain"[MeSH Terms] OR 

"pain"[All Fields]) OR ("pliability"[MeSH Terms] OR "pliability"[All Fields] OR 

"flexibility"[All Fields]) OR strength[All Fields] OR ("posture"[MeSH Terms] OR 

"posture"[All Fields]) OR "balance"[All Fields] OR endurance[All Fields] 
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ABSTRACT 

Background 

The peroneal nerve is the most common compressive nerve entrapment in the lower 

extremity. Symptoms of peroneal nerve entrapment include foot drop, weakness of the ankle 

and toe dorsiflexion and eversion, and paresthesia over the lateral leg below the knee and 

dorsum of the foot. The purpose of this case report is to discuss the treatment and outcome 

of peroneal nerve entrapment utilizing manipulation, kinesiology tape, and manual therapy.    

Methods 

A 23-year-old female patient presented for chiropractic care for a chief complaint of 

numbness and tingling over the anterior aspect of her left foot. After a history and exam, the 

patient was diagnosed with peroneal nerve entrapment. The patient completed 12 visits over 

two months using manipulation, manual therapy, and kinesiology tape.  
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Results 

The patient had a complete resolution of symptoms after the seventh visit. The patient 

reported that after being discharged from care, she could complete all her normal activities 

of daily living without reproducing the symptoms. 

Conclusion 

A 23-year-old female patient was successfully treated by manipulation, manual therapy, and 

kinesiology tape for the diagnosis of peroneal nerve entrapment.   

Keywords 

Peroneal nerve entrapment, kinesiology tape, manipulation, manual therapy 

INTRODUCTION 

The peroneal nerve is the most common compressive nerve entrapment in the lower 

extremity.1 The primary cause of peroneal nerve entrapment is a traumatic injury such as 

knee dislocation, fibular fractures, or a direct blow to the area.1 Nontraumatic risk factors 

include behavior issues related to sitting for long periods with crossed legs and repetitive 

stretches from squatting.1 Interestingly, weight loss may also produce acute peroneal nerve 

entrapment in some patients.1 Knee arthroplasty is a surgical risk factor for developing 

peroneal nerve entrapment.1   

The common symptoms of peroneal nerve entrapment are foot drop, ankle and toe 

dorsiflexion and foot eversion weakness, along with paresthesia over the lateral leg below 

the knee and dorsum of the foot.1-2 Individuals with peroneal nerve entrapment may also 

experience a distinctive steppage gait.2 The common peroneal nerve branches off the sciatic 

nerve proximal to the popliteal fossa.2 The common peroneal nerve winds around the fibular 

head, making it vulnerable to compression injuries or excessive stretching injuries against 

the fibular head.2 Distal to the fibular head, the common peroneal nerve branches out to the 

superficial and deep peroneal nerves.2 The superficial peroneal nerve provides sensation to 

the dorsum of the foot and the outside portion of the lower extremity.2 The superficial nerve 

also provides motor function to the peroneus longus muscle.2 The deep peroneal nerve 

provides sensory information to the first digit of the lower extremity as well as the webbing 

of the foot.2 The motor function of the tibialis anterior, extensor hallicus longus and 

extensor hallicus brevis is provided by the deep peroneal nerve.2  

Conservative treatment for peroneal nerve entrapment is based on removing anything that 

may be compressing the area, stabilizing unstable joints, and reducing inflammation.1 Many 

patients that experience peroneal nerve entrapment will have relief with conservative 

treatment; however, surgical intervention is often necessary when conservative treatment 

fails to resolve the symptoms.1  

Villafane et al3 discussed a case involving a 24-year-old male patient and the use of spinal 

manipulation, fibular head manipulation, and neurodynamic mobilization, including soft 
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tissue treatment to the psoas and hamstrings. The treatment outcome was an increase in 

patient function and a decrease in symptoms. Villafane et al3 is one of only a few case 

reports that utilized manipulation as part of the treatment plan. The purpose of the case 

report is to discuss the treatment and outcome of peroneal nerve entrapment utilizing 

manipulation, kinesiology tape, and manual therapy.    

CASE PRESENTATION 

A 23-year-old female patient presented for chiropractic care for a chief complaint of 

numbness and tingling over the anterior aspect of her left foot. The patient reported that the 

pain had come on over the previous two weeks and had been a relatively constant sensation 

since the onset. The patient explained that she felt most of the numbness over the anterior 

aspect of her left talus. When she would walk, it would occasionally radiate into the medial 

aspect of her left foot. The patient was instructed to walk down the hallway a few times to 

establish when the pain radiated the most in her gait. It was established that the radiating 

numbness and tingling to the medial foot would occur during the "pre-swing" and "toe off" 

phases of the gait cycle. The patient also noted numbness and tingling when she wore heels, 

so it was concluded that the radiating numbness and tingling sensation would occur when 

the patient's left foot was in plantar flexion. It was also noted that when the patient first 

noticed the numbness and tingling, she felt some slight numbness in her shin, but that has 

since diminished, and she has not experienced that sensation since the initial onset. The 

patient rated the severity of the numbness and tingling sensation at rest as 3/10 and when 

she was walking or in heels as 5/10 on a VAS pain scale. There is no known mechanism of 

injury, but the patient first acknowledged the pain when she was walking on the treadmill at 

the gym, and the pain has remained since that day, two weeks before her initial visit for the 

issue. The patient's prior history reveals corrective scoliosis surgery and spinal fusion 

surgery five years prior for correcting a 72-degree levoscoliosis in her thoracic spine. The 

patient has no other significant surgeries, traumas, or complaints in her accompanying 

history.  

Upon examination of the left foot, the range of motion in dorsiflexion, plantar flexion, 

eversion, inversion, abduction, and adduction were all within normal limits; however, the 

patient's complaint of numbness and tingling over the anterior and medial aspect of the left 

foot was elicited with active and passive plantar flexion of the right foot. Tenderness, 

numbness, and tingling were elicited with direct palpation of the left talus, along with a 

slight referral to the medial aspect of the foot. Palpation of the lower left leg also revealed 

trigger points which are hypertonic spots or a somewhat palpable nodule found in taut bands 

of skeletal muscle, as well as muscle spasms throughout the patient’s anterior tibialis 

muscle, peroneus longus, and peroneus brevis muscles. The patient's numbness and tingling 

on the anterior part of the foot were also elicited when the peroneus longus and brevis 

muscles were palpated. The patient reported feeling it in the profound plantar aspect of her 

left foot. Anterior and posterior drawer tests of the left ankle were negative, along with the 

Thompson and Tinel’s Tarsal Tunnel tests. Duchenne's sign was positive on the left foot and 

negative on the right, indicative of peroneal nerve entrapment on the left. The patient's 

lumbar spine and hip were also examined and revealed no significant findings, positive 

orthopedic tests, or diminished motor, sensory, or deep tendon reflex neurological deficits.  
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Initial chiropractic treatment began with a review of the patient's findings. It explained the 

different aspects where the peroneal nerve could become entrapped and cause the 

paresthesia she was experiencing on the anterior and medial aspects of her left foot. Initial 

patient treatment began with myofascial release and trigger point therapy of the left anterior 

tibialis muscle, peroneus longus, and peroneus brevis muscles. The myofascial release of the 

patient’s peroneus longus and brevis muscles consisted of first shortening the muscle by 

plantar-flexing and everting the left foot, then taking a thumb contact on the distal aspect of 

the muscle belly and passively dorsi-flexing and inverting the left foot with the other hand 

while the thumb pins the muscle. This process was repeated, working proximally up both 

muscle bellies until the furthermost proximal end of the muscle belly was reached. The 

same process was repeated for the left anterior tibialis muscle except the foot was first dorsi-

flexed and inverted to shorten the muscle and was plantar-flexed and everted to lengthen the 

muscle after the thumb contact in the muscle belly was taken. Trigger point therapy 

consisted of applying constant ischemic pressure with a reinforced thumb contact over the 

previously palpated trigger points in each of the peroneus longus, brevis, and anterior 

tibialis muscles until the trigger point was released.  

Treatment continued with a high-velocity low amplitude (HVLA) chiropractic adjustment of 

the patient's left talus when palpation findings indicated the need. For the talus adjustment, 

in this case, the patient is positioned supine with the right leg on the table and the left leg 

hanging off the side of the table. The doctor stands at the foot of the table facing the head of 

the table on the side of the patient’s left leg. The segmental contact point is the anterior 

dome of the talus; the doctor's contact point is the left and right middle fingers overlapped 

on the anterior dome of the talus, with the left middle finger being the most superior of the 

two. The thumbs stabilize on the foot's plantar side, and the ring and pinky fingers stabilize 

on the posterior aspect of the Achilles tendon. The left foot is first tractioned superior to 

inferior. Then, a short, quick thrust is applied anterior to posterior by the middle fingers on 

the anterior dome of the talus. Further into the treatment plan, a low force-impulse 

adjustment was performed on the patient's left fibular head with a chiropractic instrument 

assisted adjustment. It was added to the patient's care plan going forward. For this 

adjustment, the patient is lying prone with both legs on the table. The doctor is positioned in 

a scissored stance facing the head of the table on the patient's left side. The posterior aspect 

of the patient's left fibular head is contacted with the instrument and a thrust is administered 

with the instrument in a posterior to anterior line of correction.  

Treatment also included decompression strips of kinesiology tape, which were applied to the 

anterior dome of the left talus and the posterior aspect of the left fibular head. The 

kinesiology tape was applied in a bandage-like fashion where the backing of the tape is first 

ripped in the middle to expose the adhesive side of the kinesiology tape. The backing is then 

slightly peeled back and roughly an inch of the tape is exposed. Once the adhesive side of 

the tape is exposed, it is stretched to about 25% of the tape’s total stretch ability and the 

center of the one inch of tape that is exposed is applied to the head of the left fibula and to 

the anterior dome of the left talus individually. The rest of the backing is then removed from 

the remainder of one side of the tape strand and applied to the skin as an anchor strip, with 

no stretch involved. This is then repeated for the other side of the tape with the backing still 

on.  
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The patient's treatment plan consisted of ten visits over eight weeks. The patient did miss 

weeks three and four due to traveling and work but returned to a consistent treatment 

schedule after her travel. The patient no longer experienced numbness and tingling 

throughout the last three visits. At the conclusion of the patient's care plan, she no longer 

had any symptoms from her original chief complaint and could walk on a treadmill and 

wear high heels without the symptoms being elicited at any time.  

DISCUSSION 

Peroneal nerve palsy is the most common entrapment neuropathy in the lower extremity, 

and the presentation of foot drop is a frequent initial manifestation of this disorder.4 This 

condition can have a marked influence on the patient's activities of daily living. In a 

referenced case study, a similar treatment approach to ours utilizing chiropractic 

manipulation of the lower extremity was chosen for a 14-year-old female with an insidious 

onset of foot drop.5 

After the history and examination, clinical reasoning suggested that the lesion exclusively 

involved temporary compression of the peroneal nerve at the fibular head, as evidenced by 

weak dorsiflexion and spared plantar flexion, inversion, and intact sensation of the lower 

leg, with no suspicion of higher sources of neuropathy based upon exam.5 Other etiologies 

such as synovial cysts, diabetic mononeuropathy, infection, tumor, and aneurysm were 

discounted due to the patient's lack of associated symptoms, pain, relevant clinical history, 

and negative examination and imaging findings.5 There was no indication of other 

associated pathologies; therefore, clinical rationale led the chiropractor to an association 

between tibiofibular joint dysfunction secondary to a sports sprain injury and residual post-

meniscectomy scar tissue at the knee joint affecting the peroneal nerve at the level of the 

fibular head.5 Strictly a mechanical etiology was considered based on lack of foot 

dorsiflexion, moderate posterior and lateral proximal tibiofibular joint restriction on active 

and passive range of motion, and essentially negative history, examination, and imaging 

findings to consider more complex or higher source etiologies.5 

The chiropractic physician assessed the knee joint and identified a lateral to medial fixation 

compatible with segmental joint dysfunction (restriction) at the right proximal tibiofibular 

joint.5 A manipulative procedure was performed with the metacarpophalangeal joint of 

the index finger in contact with the fibular head and stabilization on the opposite side of the 

joint.5 A lateral to medial HVLA thrust was delivered, addressing the tibiofibular joint 

restriction.5 Immediately after, the patient could dorsiflex her right foot approximately 1 to 

1½ inches with noticeably increased strength.5 It is possible that the joint addressed had 

residual scar tissue irritating the nerve, which was released after the manipulation. The 

patient was released from care following a reexamination two weeks after her initial 

presentation, where she presented asymptomatic with no significant findings on 

examination.5 She was advised to avoid leg-crossing habits, continue self-directed lower 

extremity rehabilitative exercises for re-conditioning and muscle strengthening, and 

consider follow-up with physical therapy.5 
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Tibiofibular joint manipulation has been shown to improve ankle dorsiflexion, 

decrease joint pain, and improve balance.5 HVLA manipulation of joint dysfunctions may 

break down adhesions from previous micro-traumatic injuries and scar tissue, which is 

known to be one cause of temporary peroneal nerve palsy.5 Thus, manual manipulation may 

release these fibrous entrapments and restore functionality.5 This study is unique regarding 

foot drop and utilization of CMT. There are few to no published similar cases in the current 

literature. This emphasizes the importance of differential diagnosis and management of 

peroneal nerve palsy.5 

Another research study was found that demonstrates the use of instrument-assisted 

manipulation to improve symptoms of lower leg neuropathy.6 Based on the study's results, a 

course of chiropractic care using Torque Release Technique (TRT) and Activator Methods 

Chiropractic Technique (AMCT) to correct segmental dysfunction was associated with the 

resolution of chronic lower limb neuropathy and improvements in physical functioning and 

quality of life.6 

Additional research was found utilizing Kinesio taping (KT) and proprioceptive 

neuromuscular facilitation (PNF) interventions for patients with reduced ankle dorsiflexion 

range of motion due to foot drop and stroke.7 The study concluded that PNF-KT applied to 

the affected side improved ankle dorsiflexion range of motion and gait parameters in 

hemiplegic stroke patients better than no taping.7 Thus, lower-leg PNF-KT may be a helpful 

intervention in a rehabilitation program to improve ankle dorsiflexion range of motion and 

gait parameters in chronic stroke patients with foot drop in clinical settings.7 

Similarly, another study aimed to determine the effect of a proprioceptive neuromuscular 

facilitation (PNF) pattern Kinesio taping (KT) application on the ankle dorsiflexion range of 

motion (DF-ROM) and balance ability in patients with chronic stroke.8 This study 

demonstrates the application of PNF-KT may be a feasible therapeutic method for 

improving ankle movement and balance in patients with chronic stroke.8 Additional research 

is recommended to identify the long-term effects of PNF-KT.8 

Lastly, a referenced case report describes a 40-year-old male who presented with complaints 

of pain in the left lower lateral one-third of the leg.9 Physical diagnosis for entrapment of the 

superficial peroneal nerve at the site of the peroneal tunnel was entertained based on clinical 

examination and three positive provocation tests. Conventionally, treatment for this type of 

entrapment has been surgical decompression by splitting the crural fascia, with successful 

outcomes. This study demonstrates physical therapy management of peroneal nerve 

entrapment with pain modalities, soft tissue mobilization, and neural mobilization. 

Reduction of pain was noted in this patient with complete pain resolution maintained at a 

six-month follow-up.9 

The prior referenced studies demonstrate the clinical rationale and effectiveness of the 

treatments utilized in this case. The patient was managed successfully by conservative care 

consisting of manual and instrument-assisted manipulations, manual therapy, and 

kinesiology tape. However, one limitation of this study is the patient did not receive a 

diagnostic ultrasound to confirm the diagnosis of peroneal nerve entrapment due to the fact 

that the patient’s symptoms improved with conservative management prior to the need for 
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further advanced testing. The utilization of diagnostic ultrasound has become increasingly 

popular in diagnosing nerve entrapment. Jung et al. reported that the diagnostic ultrasound 

was cost-effective and reliable for the diagnosis of nerve entrapment.10 Chang & Kim 

demonstrated that the diagnostic ultrasound is reliable for large peripheral nerves of the 

extremities; however, there are inconsistencies with the smaller peripheral nerves.11   

CONCLUSION 

This case report describes the resolution of peroneal nerve entrapment by utilizing 

manipulation, manual therapy, and kinesiology tape. It describes conservative treatment 

without adverse reactions to treat the condition, and suggests the application of kinesiology 

tape may be beneficial to patients with peroneal nerve entrapment.  
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