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Background and Purpose
Chemotherapy-induced peripheral neuropathy (CIPN) is a 

frequent adverse side effect of various chemotherapy drugs 
[1]. Patients with CIPN complain of sensory symptoms such as 
numbness, tingling, hyperalgesia and allodynia, and some indi-
viduals may also experience poor motor coordination or auto-
nomic dysfunction [2]. A systematic review and meta-analysis 
done by Seretny et al. has found that in the first month post che-
motherapy almost 70% of patients experienced CIPN, and that 
60% continued to have neuropathy 3 months afterwards [3]. The 
study also found that an estimated 30% percent of patients expe-
rienced ongoing neuropathic pain for 6 months or more [3]. This 
phenomenon of persisting CIPN is called “coasting” [4]. Risk 

factors for developing CIPN include a history of liver disease, 
renal disorder, peripheral vascular disease, diabetes, obesity, and 
chemotherapy type,  with the latter three predicting the greater 
likelihood of CIPN [3,5-7]. 

Jones et al. has found CIPN is one of the adverse events that 
have a direct impact on the overall quality of life (QOL) of can-
cer survivors [8]. CIPN can impact the mental health of cancer 
survivors, particularly in terms of depression [9]. Hong et al. 
has found that patients with CIPN often experience psycholog-
ical distress and a detrimental effect on the quality of sleep [10]. 
Moreover, depression can harm the ability of patients to manage 
their symptoms and participate in physical therapy (PT), leading 
to further declines in physical and mental well-being [11]. De-
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pression may also lead to decreased adherence to chemotherapy 
or other treatments, potentially compromising the effectiveness 
of the treatments and the overall prognosis of cancer [12].

Transcutaneous electrical nerve stimulation (TENS) is an ef-
fective non-pharmacological treatment for pain due to its anti-hy-
peralgesic effect on the central nervous system through activation 
of delta and mu-opioid receptors in the brainstem [13]. TENS 
therapy has been shown to be effective in treatment of diabet-
ic neuropathic pain [14,15]. Stepanovic et al. [16] reported that 
TENS was effective in preventing post-herpetic neuropathic neu-
ralgia. Bilgili et al. found that TENS improved neuropathic pain 
in patients with complex regional pain syndrome [17]. Research 
by Gewandter et al. with patients with cancer primarily from 
a neuro-oncology clinic demonstrated that using home-based 
TENS to treat CIPN lowered numbness and tingling sensations 
significantly [18]. In another study of patients with CIPN who 
had unspecified types of cancer, Loprinzi et al. showed a 28% 
improvement in neuropathic pain after application of TENS [19]. 
A study by Vujadinovic et al. found TENS is effective in reducing 
neuropathic pain and enhancing QOL for patients with lung can-
cer [20]. Other studies have shown improvement in QOL after 
TENS application for conditions such as bladder hyperactivity 
and radiation induced neuropathy [21-22].

Classic Hodgkin Lymphoma (CHL), a type of cancer that orig-
inates in the lymphatic system, specifically affects the lymphatic 
cells, or lymphocytes, which help fight infection. CHL is most of-
ten found in the lymph nodes, but it can also affect other organs, 
such as the spleen, bone marrow, and liver [23]. According to the 
American Cancer Society (ACS) the median age of diagnosis is 
usually in the late 30s, and more males than females are affected. 
ACS has projected that by the end of 2023, there will be 8830 
new diagnoses of CHL. It is also anticipated that the total number 
of annual deaths will be roughly 900 cases [24]. The five-year 
survival rate in the United States in all races and ethnicities be-
tween 2012 to 2018 was 85% [24]. The standard chemotherapy 
for CHL is doxorubicin, bleomycin, vinblastine and dacarbazine 
(ABVD) [25]; Geldof et al. found that vinblastine is neurotoxic 
[26]. Unfortunately, no studies have examined the prevalence of 
CIPN in CHL patients. 

The purpose of this case report is to assess the short-term effect 
of post chemotherapy TENS intervention on neuropathic pain 
and depression in a patient with CHL with CIPN using the Short-
form McGill Pain Questionnaire 2 (SF-MPQ-2) [27] and the Pa-
tient Health Questionnaire (PHQ-9) scale,  respectively [28]. 

Case Description: Patient History and Systems Review 

The patient was a 36-year-old male telecommunications cus-
tomer service worker diagnosed with CHL stage lllB four years 
prior to the PT episode of care described in this case report. Per 
his medical record, magnetic resonance imaging revealed a me-
diastinal mass of 17x13cm and pleural and pericardial effusions. 
The pleural effusion was treated with intercostal tube insertion. 
He then received six cycles of the AVDB combination of che-
motherapy drugs over a six-month period for a total of 12 treat-
ments. The patient then underwent radiation therapy sessions to 
the chest for 2.5 months. 

Following his first chemotherapy treatment, the patient re-

ported experiencing numbness, tingling, burning and electric 
shock-like shooting pain in both his feet, which worsened while 
walking and improved slightly with self-massage. With the ex-
ception of burning, his symptoms persisted after the completion 
of chemotherapy and were not improved with analgesics in-
cluding tramadol nor with gabapentin or pregabalin. After his 
fourth chemotherapy session, he was unable to actively dorsi-
flex or plantarflex his ankles. He reported that although his left 
dorsiflexors and plantar flexors eventually regained normal 
strength and his right plantar flexor strength improved without 
PT intervention, he remained unable to dorsiflex the right ankle. 
His physiatrist recommended that he use an ankle foot orthosis 
(AFO) to maintain a neutral position, but the patient stated he 
would only utilize it on occasion. Six months after the comple-
tion of chemotherapy, a nerve conduction velocity study showed 
that he had moderate to severe sensorimotor axonal polyneurop-
athy in his peroneal and tibial nerves, likely due to chemother-
apy. Two years after the onset of his symptoms, he received PT 
for several months, which consisted of resistive exercises and 
calf muscle stretching. He continued to experience constant neu-
ropathic pain, gait difficulties, and sleep disturbance. He also re-
ported that he had lost interest in activities that he had previously 
enjoyed, such as reading books, walking in the shopping mall, 
playing sports, and going out with his friends. Two months prior 
to the PT episode of care described in this case report, his neu-
rologist prescribed a second course of pregabalin which he took 
once a day. He reported that this alleviated his peripheral neurop-
athy and neuropathic pain for 3 to 4 hours, after which symptoms 
gradually returned, but with less tingling and numbness. He also 
reported more hours of sleep with an improved sleeping pattern.

The patient’s family history was unremarkable. His current 
medical history included psoriasis. He had several other comor-
bidities, including diabetes mellitus type 2, dyslipidemia, and 
hypertension. His medications included metformin, gliclazide, 
and linagliptin to manage diabetes, rosuvastatin for dyslipid-
emia, bisoprolol for hypertension and guselkumab for psoriasis. 
The patient’s additional comorbidities were obesity and fatty 
liver. He denied alcohol use. He had a 10 pack-year history of 
smoking tobacco but had quit one year prior. 

The cardiopulmonary system assessment showed that his 
blood pressure was normal at 120/80 mm Hg. His heart rate of 
90 was elevated, as was his respiratory rate of 22. There was no 
evidence of lower or upper extremity edema. 

Integumentary system information was collected from the 
patient’s medical records. The patient had generalized scattered 
erythematous psoriatic plaques, with different sizes ranging 
from large, confluent irregular plaques on the lower extremities 
to smaller plaques on the extensor forearms, knees, face, scalp, 
elbows, and most of the upper extremities. 

In the neuromuscular system the patient was noted to be expe-
riencing issues with his gait, balance, and coordination. Despite 
this, the patient could perform transfers and transition between 
sitting and standing without assistance. The patient was able to 
ambulate without an assistive device independently. A right-sid-
ed steppage gait was observed. His cognitive and communica-
tion abilities appeared fully intact. He was alert, oriented to time, 
place, and person, and was fully cooperative and responsive to 
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verbal commands. This was an essential factor in his PT as it 
allowed the patient to actively participate in therapy and under-
stand the goals and instructions provided by the therapist.

From a musculoskeletal perspective, the patient was an obese 
individual with a height of 180 cm and weight of 145.75 kg, 
which calculates to a body mass index (BMI) of 45, which falls 
under the category of obese class III (BMI ≥40) [29]. His body 
was symmetrical and had a normal alignment. Leg lengths were 
equal.  The patient’s lower extremity range of motion (ROM) 
was grossly within normal limits for all joints except for the right 
ankle and subtalar joints. Gross manual muscle testing (MMT) 
indicated normal lower extremity strength with the exception of 
the right leg and ankle musculature.

This patient’s goal for PT was to reduce neuropathic pain. Re-
ducing the pain would help to improve the patient’s mood, sleep, 
and overall well-being.

Clinical Impression #I

The patient presented with the primary complaint of tingling 
and numbness in the feet, accompanied by electric shock-like 
shooting pain. The cause was most likely due to CIPN, although 
his diabetes mellitus and obesity might also have contributed, as 
both have been shown to play a role in reducing sensation in the 
lower limbs [30]. The patient first reported severe neuropathic 
symptoms in the feet after his first chemotherapy administration. 
Neuropathic pain is commonly seen in chemotherapy patients, 
particularly those receiving the drug vinblastine, which is a com-
ponent of this patient’s AVDB chemotherapy regimen [26,30]. 
Additionally, the patient had a secondary complaint that his neu-
ropathic pain caused a decline in his mood manifested by sleep 
disturbance and decreased pleasure in activities he used to enjoy. 

The neurologist prescribed gabapentin to minimize the pa-
tient’s neuropathic pain, but after six months of taking the med-
ication, there was no improvement in his symptoms. Exercise 
based PT was also unsuccessful. The patient had experienced 
only partial relief with Lyrica. He was therefore considered a 
good candidate for TENS intervention which has been shown 
to relieve neuropathic pain, and positively affect related mental 
health issues, particularly depression [31].

The patient’s early nerve conduction velocity study which 
confirmed his neuropathy had not been repeated in the inter-
vening 2 years. His examination plan therefore focused on low-
er extremity sensory and deep tendon reflex testing, testing of 
ROM and muscle strength, and assessment of balance and co-
ordination. The plan also included a survey for neuropathic pain 
symptoms as well as other abnormal peripheral sensations, and a 
questionnaire for depression screening.

Examination

The examination process involved testing sensation to light 
touch, sharp/dull discrimination, and vibration in both feet. 
Light touch was assessed using a cotton swab on the dorsum and 
soles of the feet. The result showed that the patient could not feel 
light touch on either foot. Vibration testing was conducted by 
placing a tuning fork on various points on the feet, including the 
medial malleoli and the phalanges of the great toes. The patient 
was unable to detect vibration in any tested areas.  Sharp and 

dull discrimination testing was conducted using a pin to apply 
a sharp stimulus on various points on the feet. The patient had 
normal feeling in all tested areas. Patellar and Achilles deep ten-
don reflexes testing showed that both deep tendon reflexes were 
absent bilaterally. The examination revealed that the patient had 
lost vibratory sensation and deep tendon reflexes, which was 
consistent with a persistent lower motor lesion [32-34].

The patient’s score on the Berg Balance Scale was 42, indicat-
ing moderate difficulty with balance and mobility [35]. He was 
unable to maintain his equilibrium on the Romberg test, which 
assessed the patient’s ability to maintain balance and coordina-
tion [36]. The positive result on the Romberg test indicated that 
the patient had a balance deficit and was at risk for falls.

The right ankle showed limited active ROM, with plantarflex-
ion being limited to 0-15 degrees, dorsiflexion and eversion lim-
ited to 0 degrees, and inversion limited to 0-10 degrees. There 
were no restrictions in the passive mobility of the ankle.

MMT grades on the right were as follows: gastrocnemius 2/5, 
anterior tibialis 1/5, peroneus longus and brevis 0/5, and tibi-
alis posterior -3/5. These findings of significant weakness fur-
ther support that the patient’s peripheral nerve injury previously 
demonstrated by nerve conduction velocity testing was unre-
solved. 

Neuropathic pain symptoms, as well as other abnormal pe-
ripheral sensations, were measured by the SF-MPQ-2, a self-re-
ported questionnaire that measures the quality and intensity of 
the patient’s pain [27]. The SF-MPQ-2 has 22 items of pain 
descriptors divided into 4 sub-scales.  An overall pain score is 
produced by averaging the patient’s ratings across all questions, 
whereas subscale pain scores are obtained by averaging ratings 
across questions representing the corresponding scales [37]. The 
severity of each descriptor is rated from 0 to 10. A user license 
agreement for the SF-MPQ-2 was obtained from the Mapi Re-
search Trust [38] and an Arabic version of the questionnaire 
(Table 1) [38] was administered to the patient prior to the first 
TENS treatment. Out of possible scores of 10, the patient’s over-
all score was 3.90 and his neuropathic pain subscale score was 
3.66. Mental health status, particularly depression, was also as-
sessed using an Arabic version of the PHQ-9 survey [39] (Table 
2). The depression severity is determined by scoring each of the 
9 items one of the following response options: 0 (never), 1 (some 
days), 2 (over half the days), and 3 (almost every day) [40]. The 
patient’s score was 7 out of a possible 27, which indicated mild 
depression [41]. The scores on the two instruments suggested 
that the patient was experiencing neuropathic pain with related 
depression.  

The examination process helped to establish a baseline for the 
patient’s neuropathic pain and mental health status before TENS 
therapy, which allowed for more accurate assessment of the ef-
fectiveness of TENS in reducing neuropathic pain and improv-
ing related mental health status. 

Clinical Impression #ll

Given his diagnosis of CHL and the appearance of neuropathic 
pain during chemotherapy administration, the patient in question 
was an appropriate candidate for TENS therapy for one month.

Neuropathic pain is typically difficult to treat with traditional 
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Short-form McGill Pain Questionnaire 2 (SF-MPQ-2) 

Date:    
Subject ID:    

For this questionnaire, I will provide you a list of words that describe some of the different qualities of pain and related symptoms. 
Please rate the intensity of each of the pain and related symptoms you felt during the past week on 0 to 10 scale, with 0 being no 
pain and 10 being the worst pain you can imagine. Use 0 if the word does not describe your pain or related symptoms. Limit 
yourself to a description of the pain related to your surgery or pelvic pain. 

 
 
 

1. Throbbing pain 

 
 

none 

 
 

worst possible 

2. Shooting pain none worst possible 

3. Stabbing pain none worst possible 

4. Sharp pain none worst possible 

5. Cramping pain none worst possible 

6. Gnawing pain none worst possible 

7. Hot-burning pain none worst possible 

8. Aching pain none worst possible 

9. Heavy pain none worst possible 

10. Tender none worst possible 

11. Splitting pain none worst possible 

12. Tiring-exhausting none worst possible 

13. Sickening none worst possible 

14. Fearful none worst possible 

15. Punishing-cruel none worst possible 

16. Electric-shock pain none worst possible 

17. Cold-freezing pain none worst possible 

18. Piercing none worst possible 

19. Pain caused by none worst possible 
light touch 

20. Itching none worst possible 
 

21. Tingling or ‘pins none worst possible 
and needles’ 

22. Numbness none worst possible 
 

23. Present Pain Intensity (PPI) – Numerical Pain Rating Scale. On a scale from zero to ten, zero indicating no pain and  
                                                    ten indicating worst pain imaginable, rate your pelvic pain: 

 
None      worst possible 

 
24. Evaluative overall intensity of total pain experience.  Please check ( √ ) the word that describes the pain in 
your pelvic area only. 

D No pain D Mild D Discomforting D Distressing D Horrible D Excruciating 
 
 
 

      Table 1. Short-form McGill Pain Questionnaire (SF-MPQ-2) Arabic Version
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P A T I E N T  H E A L T H  Q U E S T I O N N A I R E - 9   
( P H Q - 9 )

Over the last 2 weeks, how often have you been bothered 
by any of the following problems? 
(Use “✔” to indicate your answer) Not at all 

Several 
days 

More 
than half 
the days 

Nearly 
every 
day 

1. Little interest or pleasure in doing things 0 1 2 3 

2. Feeling down, depressed, or hopeless 0 1 2 3 

3. Trouble falling or staying asleep, or sleeping too much 0 1 2 3 

4. Feeling tired or having little energy 0 1 2 3 

5. Poor appetite or overeating 0 1 2 3 

6. Feeling bad about yourself — or that you are a failure or 
have let yourself or your family down 0 1 2 3 

7. Trouble concentrating on things, such as reading the 
newspaper or watching television 0 1 2 3 

8. Moving or speaking so slowly that other people could have 
noticed?  Or the opposite — being so fidgety or restless 
that you have been moving around a lot more than usual 

0 1 2 3 

9. Thoughts that you would be better off dead or of hurting 
yourself in some way 0 1 2 3 

                                                                                                              FOR OFFICE CODING     0   + ______  +  ______  +  ______
=Total Score:  ______ 

     

If you checked off any problems, how difficult have these problems made it for you to do your 
work, take care of things at home, or get along with other people? 

Not difficult  
at all 

Somewhat  
difficult 

Very  
difficult 

Extremely  
difficult 

Developed by Drs. Robert L. Spitzer, Janet B.W. Williams, Kurt Kroenke and colleagues, with an educational grant from 
Pfizer Inc.  No permission required to reproduce, translate, display or distribute.

Table 2. Patient Health Questionnaire-9 (PHQ-9)  
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therapy [42]. TENS is a pain relieving technique that is non-in-
vasive. It has been shown that this type of treatment effectively 
reduces pain in people with various conditions, including neu-
ropathic pain brought on by chemotherapy [18-20]. The plan 
was to evaluate the patient immediately before the first treatment 
session and again at the conclusion of the treatments, using the 
SF-MPQ-2 and PHQ-9 scales to evaluate the efficacy of TENS 
therapy on his pain and mental health. TENS therapy has shown 
promising results in reducing neuropathic pain in patients with 
cancer as well as psychological distress in other populations with 
pain [43].

A successful intervention would be indicated if the patient had 
an improvement in mental health as measured by the PHQ-9 and 
a clinically significant decrease in pain intensity/severity as mea-
sured by the SF-MPQ-2. 

Intervention

For this case report, all the possible risks and benefits of the 
treatment were reviewed with the patient, and his consent to 
participate was obtained. The TENS unit used was a 2-channel 
symmetrical biphasic waveform stimulator with customizable 
programming (TensMed-S82, Enraf-Nonius b.v. Netherlands). 
Conventional TENS parameters include high-frequency (50-100 
Hz), low-intensity, and small pulse width (50-200s) [44]. Based 
on Vujadinovic et al. protocol for treating neuropathic pain, the 
parameters chosen were a frequency of 80 pulses per second and 
a pulse width of 200 μs delivered for 30 minutes at a maximum 
intensity of 60 mA [20]. The patient was instructed to practice 

Figure 1. Electrode placement sites

deep breathing exercises during the TENS sessions as part of his 
chronic pain management. Alcohol wipes were used on the dor-
sum and soles of the feet to decrease the skin impedance before 
applying two adhesive electrodes bilaterally on the dorsum and 
soles of each foot (Figure 1). The intensity was increased until 
the patient reported a mild tingling without muscle twitch. The 
intensity was then gradually increased up to 60 mA during each 
session as long as the patient reported a tolerable sensation with-
out discomfort or motor response. The frequency of the interven-
tion was two sessions of 30 minutes every week for four weeks. 

During TENS interventions the patient received education on 
exercise, weight loss and nutrition to better manage his hyper-
cholesteremia and diabetes mellitus. He was also instructed in 
the importance of using his AFO and stretching his calf mus-
cles. Additional therapy sessions for therapeutic exercise were 
planned after the conclusion of the 4 weeks of TENS. The pa-
tient was evaluated again at the conclusion of the 4 weeks using 
the SF-MPQ-2 and the PHQ-9 scale.

Outcome

The SF-MPQ-2 has been found to have good test-retest reli-
ability with a correlation of 0.83 and strong internal consistency 
with a Cronbach’s alpha of 0.96 [45]. The minimal clinically im-
portant difference (MCID) for the SF-MPQ-2 is 1-2.3 [46]. The 
PHQ-9 has been shown to be a valid and reliable predictor of 
severity of depression,  with an MCID of 2.0-4.8 [41,47].

The patient’s pre-intervention and post TENS intervention 
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Figure 2. Changes in the means of the 4 sub-scales of the Short-form McGill Pain 
Questionnaire 2 (SF-MPQ-2) from preintervention (baseline) to postintervention at the 
conclusion of 4 weeks of TENS therapy (outcome).

scores on the SF-MPQ-2 and PHQ-9 are shown in Figure 2. The 
post-intervention SF-MPQ-2 score reduction for all 22 items 
was 2.7, a clinically significant improvement.  The score for the 
6 items that comprise the neuropathic pain subscale decreased 
by 2.64 points from the baseline, but the MCID for this subscale 
has not been previously reported.  The post-intervention PHQ-9 
score decreased 5 points from the baseline, a substantially sig-
nificant improvement in depression symptoms after the TENS 
intervention. 

Discussion
The outcomes of this case report suggest that TENS therapy 

can effectively manage neuropathic pain and improve associated 
depression in CHL patients experiencing neuropathy from che-
motherapy. A strength of this study is that the patient received 
no other PT interventions other than patient education, making it 
more likely that the outcomes are attributable to TENS. Although 
a study by Vondracek et al. has shown a significant improvement 
in neuropathic pain with the medication Lyrica that this study’s 
patient was taking during the TENS intervention, the patient’s 
improvement was more likely to have been due to TENS as his 
CIPN had not changed during a previous course of Lyrica [48]. 
While no previous studies have examined the effect of TENS on 
depression symptoms in the CIPN population, this case report’s 
outcomes support Coyne’s finding that TENS improved QOL in 
patients with radiation induced neuropathy [49].

This case report supports the pulse width, pulse frequency, and 
minutes of treatment used by Gewandter et al. and Vujadinovic 
et al. to reduce CIPN [18,20]. However, Loprinzi et al. effective-
ly utilized a lower frequency (43 to 52 Hz) with a lower intensity 
(3.50 to 5.50 mA) and twice the duration of treatment per session 
(60 minutes), indicating a need for further research to determine 
the most effective parameters [19]. 

There are many benefits to using TENS to treat neuropathic 
pain. It is non-invasive and simple to administer at home or in 

a medical setting. It is also a low-cost intervention with few ad-
verse effects, which makes it a desirable choice for people with 
limited resources. In addition, it can be employed with few re-
sources and time constraints because it is quick and simple to im-
plement, and it is an excellent option for those unable to receive 
more intensive treatments. 

A barrier to using TENS to treat CIPN may be some PTs' cau-
tion regarding the safety of applying electrical stimulation to pa-
tients with cancer. A systematic review published by Siemens et 
al concluded that application of TENS in hospitalized palliative 
care patients with advanced cancer pain is a safe intervention 
[50]. Another systematic review has shown TENS can be safely 
used in an effort to reduce pain and CIPN in patients with cancer 
[51]. The side effects of TENS are generally considered mild, 
and include skin irritation at the site of the electrodes [50]. Some 
patients may also experience discomfort during therapy [52]. 
However, these side effects are typically temporary and resolve 
independently once the intervention is terminated [19].

There were several limitations of this case report. According 
to Greenlee et al., people who are obese while undergoing che-
motherapy frequently exhibit symptoms of CIPN [6].  Anoth-
er study by Hershman et al. [5] has demonstrated that diabetic 
patients who receive chemotherapy are twice as likely to get 
CIPN. Diabetes and obesity are also risk factors for developing 
neuropathy unrelated to chemotherapy. The patient in this case 
report had both comorbidities, and while it is most likely that his 
neuropathy was caused by his chemotherapy, it is not certain. 
Another limitation is that he has not had recent nerve conduction 
velocity testing to evaluate any changes in the past two years. 
Due to transportation difficulties, the patient was unable to re-
ceive therapy 5 days a week, as was done in the study by Vujad-
inovic et al. [20]. Had he been able to receive more treatment, he 
may have made larger gains.

Several areas require further research to understand TENS’ 
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full potential in the targeted patient population. Firstly, TENS’ 
efficacy as an adjunct during or immediately following chemo-
therapy treatment must be investigated. Additionally, research 
should be conducted to determine if TENS is effective in treating 
other side effects of chemotherapy, such as fatigue and nausea. 
The long-term effectiveness of TENS in reducing CIPN pain 
levels should also be studied. The optimal electrode location for 
CIPN should be determined. Finally, the most effective TENS 
parameters, such as frequency, pulse width and duration, needed 
to control CIPN most effectively should be investigated. 

 Overall, the results of this study provide a solid foundation for 
future research in this area and highlight the potential of TENS as 
a non-invasive and low-cost therapy for CIPN and related mental 
health issues in patients with CHL as well as other cancers.
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