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The Total Neuropathy Score: A Tool for Measuring
Chemotherapy-Induced Peripheral Neuropathy

Ellen M. Lavoie Smith, MS, APRN-BC, AOCN®,
Susan L. Beck, PhD, APRN, FAAN, and Jeffrey Cohen, MD

Purpose/Objectives: To describe the psychometric properties,
clinical significance, and utility of the Total Neuropathy Score (TNS),
a composite measurement tool used to assess chemotherapy-induced
peripheral neuropathy (CIPN).

Data Sources: Published articles and abstracts and pertinent article
references.

Data Synthesis: CIPN has been quantified inadequately because of the
lack of an optimal measurement tool. The TNS is the most comprehensive
composite tool to have been tested in oncology settings. The tool assesses
neuropathy signs and symptoms and incorporates nerve conduction study
results but inadequately assesses neuropathy-related pain severity. Seven
studies have reported on the TNS’s psychometric properties.

Conclusions: Initial but limited evidence supports the TNS’s psycho-
metric properties. The tool is too burdensome and inadequately assesses
pain severity. Further revision and testing of the tool are recommended.

Implications for Nursing: TNS simplification and further psychomet-
ric testing could lead to future use by oncology nurses.

is a common and distressing side effect of neurotoxic

chemotherapy. It is estimated to occur in 20%—100%
of patients with cancer and is a direct result of sensory, mo-
tor, and autonomic nerve injury (Armstrong, Almadrones, &
Gilbert, 2005; Sweeney, 2002; Visovsky, 2003). Common
characteristics of CIPN include uncomfortable and often
painful sensations described as burning, numbness, stabbing,
pricking, tingling, sharpness, shooting, or electric-shock-like.
In most cases, neuropathy signs and symptoms first become
apparent in the toes (Hausheer, Schilsky, Bain, Berghorn, &
Lieberman, 2006). In this regard, it is a length-dependent
phenomenon, meaning that the longest peripheral nerves
are affected first (Hausheer et al.). With high cumulative
chemotherapy doses, nerve fibers die back from the tips.
Therefore, symptoms progress proximally from the toes to the
feet, ankles, and then calves. Extension to the fingers, hands,
wrists, and then arms indicates severe neuropathy and usu-
ally occurs after CIPN has been well-established in the lower
extremities (Stillman & Cata, 2006). Less commonly, the
autonomic nervous system may be affected, resulting in ortho-
static hypotension, constipation, and difficulty with urination
(Stillman & Cata). Extreme proximal extension may lead to
functional disability. For example, simple daily activities such
as walking, driving, or dressing can become extremely dif-
ficult and sometimes painful. Such distressing complications
can continue to worsen for many months beyond treatment
completion, a phenomenon referred to as coasting (Markman,

Chemotherapy—indueed peripheral neuropathy (CIPN)

Key Points . . .

» Comprehensive assessment of chemotherapy-induced periph-
eral neuropathy should be part of everyday nursing practice.

» Current approaches to assessment are inadequate and have
contributed to the dearth of knowledge regarding true preva-
lence and long-term negative sequelae.

» Future research efforts aimed toward improvement of current
measurement approaches are critically important.

2006; Stillman & Cata). As a result, numerous patients receiv-
ing neurotoxic chemotherapeutic agents suffer with prolonged
adverse effects on functional status and quality of life (QOL)
(“Effects of Vinorelbine,” 1999; Ostchega, Donohue, & Fox,
1988; Wampler et al., 2006). Moreover, severe symptoms can
necessitate chemotherapy dose reductions, negatively affect-
ing cancer treatment efficacy (Hausheer et al.).

Several chemotherapeutic agents are classified as neuro-
toxins, the following of which are known to cause periph-
eral neuropathy: cisplatin, carboplatin, paclitaxel, docetaxel,
etoposide, vinblastine, vincristine, oxaliplatin, thalidomide,
procarbazine, cytarabine, and bortezomib (Armstrong et al.,
2005; Hausheer et al., 2006; Hilkens & ven den Bent, 1997;
Quasthoff & Hartung, 2002; Stillman & Cata, 2006; Verstap-
pen, Heimans, Hoekman, & Postma, 2003). In addition to
administration of a neurotoxin, several other risk factors are
known to increase risk of neuropathy (see Figure 1).
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Chemotherapy-Specific Factors

e Cumulative chemotherapy dose

* High single dose

 Increased dose density (Controversy exists about whether this increases
neuropathy.)

 Rapid infusion times

* Previous or concurrent use of other neurotoxic drugs

Comorbid Factors

Hereditary or other preexisting neuropathy
Diabetes

Alcoholism

HIV

Peripheral vascular disease

Vitamin B deficiencies

Figure 1. Neuropathy Risk Factors in Patients Receiving
Chemotherapy

Note. Based on information from Hausheer et al., 2006; Hilkens & ven den
Bent, 1997; Ocean & Vahdat, 2004; Quasthoff & Hartung, 2002; Verstappen
etal., 2003.

Although the precise mechanism of nerve injury is not
understood completely, the pathophysiology varies by neu-
rotoxic agent and has been hypothesized for some of the
aforementioned drugs. Vincas and the taxanes (e.g., paclitaxel,
docetaxel) block tubulin polymerization (Hausheer et al., 2006;
Ocean & Vahdat, 2004; Stillman & Cata, 2006; Verstappen et
al., 2003). This leads to axonal injury and demyelinization as
axoplasmic transport becomes impaired because of microtu-
bule clumping (Casey, Jellife, Le Quesne, & Millett, 1973;
Guiheneuc, Ginet, Groleau, & Rojouan, 1980; Hagiwara &
Sunada, 2004; Hilkens et al., 1996; Ocean & Vahdat; Verstap-
pen et al.). Taxanes are most noted for inducing sensory neu-
ropathy, resulting in paresthesias and dysesthesias. The drugs
lead to diminished vibratory sensation and proprioception and
loss of tendon reflexes because of large-fiber damage as well
as altered pain and temperature sensation caused by small-
fiber damage (Hilkens & ven den Bent, 1997; Hilkens et al.).
Neuropathic pain can occur as a result of severe neuropathy
(Ocean & Vahdat; Verstappen et al.).

Platinum analogs cisplatin, oxaliplatin, and carboplatin pro-
duce similar sensory symptoms via a common pathophysiologic
mechanism (Cavaletti et al., 2001; Hausheer et al., 2006; Postma
& Heimans, 1997; Screnci & McKeage, 1999; Stillman & Cata,
2006). The drugs reduce axonal transport and cause apoptosis
of dorsal root ganglion cells (Cavaletti et al., 2001; Gregg et al.,
1992; Hilkens & ven den Bent, 1997; Postma & Heimans; Rus-
sell, Windebank, McNiven, Brat, & Brimijoin, 1995; Screnci &
McKeage; Verstappen et al., 2003). Large myelinated fibers are
affected most, diminishing vibratory sensation, proprioception,
and reflexes. The drugs cause mainly a sensory neuropathy, but
neuropathy-related pain is uncommon.

One difference between cisplatin and oxaliplatin is that
oxaliplatin can cause cold-induced paresthesias and dyses-
thesias of the hands, feet, and perioral and pharyngolaryngeal
regions, resulting from axonal hyperexcitability (Verstappen
et al., 2003). The temporal clinical pattern also varies between
the two drugs. Cisplatin neuropathy can worsen for several
months after treatment discontinuation. In contrast, oxaliplatin
neuropathy resolves more quickly when treatment is discon-
tinued (Screnci & McKeage, 1999). Less has been published

describing carboplatin neuropathy. Although reportedly less
severe, neuropathy from carboplatin can occur (Bauknecht et
al., 1997; du Bois et al., 1997; Markman et al., 2001; Screnci
& McKeage).

Neuropathy Measurement Overview

Comprehensive assessment of subjective and objective
neurologic components, including nerve conduction studies,
is the recommended gold-standard approach to neuropathy
diagnostic evaluation (England et al., 2005). More specifically,
a clinical examination that includes evaluation of sensation
(light touch, pin-prick, vibration, and temperature), muscle
strength, and deep tendon reflexes is required (Galer, 1998;
Marrs & Newton, 2003). Nerve conduction studies can provide
additional information regarding the neurologic function of the
largest myelinated fibers through measurement of sensory and
motor nerve conduction velocities and action potential ampli-
tudes (Galer, 1998). However, nerve conduction studies have
several limitations. First, they have not been shown to correlate
consistently with subjective report of symptoms (England et
al.). For example, in the case of small-fiber neuropathy, neuro-
pathic pain is the primary symptom. Because nerve conduction
studies assess only the largest, fastest myelinated nerve fibers,
results of conduction studies may be normal in the setting of
small-fiber injury (England et al.). In addition, nerve conduc-
tion studies are time consuming, require subspecialty expertise
to execute and interpret, and are expensive.

Vibratory and thermal sensation can be measured either by
assessing a patient’s ability to feel a vibrating (128 Hz) or very
cold tuning fork. Neurologists may use a specialized Rydel-
Seiffer graduated tuning fork, which allows for more objective
scoring (Pestronk et al., 2004). However, a standard tuning
fork is adequate for use by non-neurologists. Sophisticated,
computerized, quantitative sensory testing (assessment of vi-
bratory and thermal sensation using computerized equipment)
also has been used. However, because of poor reliability,
quantitative sensory testing is not favored universally (Ruppert
& Croarkin, 2003).

Neuropathy Measurement Challenges

Overshadowing what is believed to be the gold-standard
approach are three CIPN-related measurement challenges.
The first challenge is that patients often struggle with how best
to describe the uncomfortable sensation, especially when it
is severe enough to be characterized as painful (Galer, 1995;
Smith, Whedon, & Bookbinder, 2002). As a result, analgesics
specific to neuropathic pain often are not initiated. Smith et
al. surveyed 33 patients at a comprehensive cancer center and
found that 21% reported pain from CIPN. Of great concern,
patients did not report painful neuropathy during general pain
screening. Patients may be reluctant to report symptoms out
of concern that their symptom reports may necessitate dose
reductions of potentially life-saving chemotherapeutic medi-
cations (Markman, 2006). Therefore, because patients may
not report CIPN and related pain without being prompted,
oncology practitioners must include neuropathy and neuro-
pathic pain assessment in routine clinical practice.

The second challenge to neuropathy measurement is that
CIPN has not been considered a side effect worthy of atten-
tion. Until recently, most oncology practitioners considered
CIPN to be a minor problem that resolved over time and
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seldom led to profound limitations (Marrs & Newton, 2003;
Smith et al., 2002). When CIPN assessment does occur,
oncology practitioners most often grade neuropathy severity
using one of several toxicity grading systems, such as the
National Cancer Institute Common Terminology Criteria or
the Eastern Cooperative Oncology Group or Ajani grading
scales. Postma et al. (1998) evaluated the differences among
the grading systems, as well as physician interpretation vari-
ability, and found several inconsistencies among the scales.
The scales lack adequate sensitivity to detect slight changes
in neuropathy as a result of their broad scoring systems, and
neuropathy signs and symptoms may be combined into one
grading category. For example, reflexes and paresthesias are
combined into one grading category. This is problematic
because when tendon reflexes are impaired in the absence of
other clinical signs or symptoms, this is indicative of early,
preclinical, and less severe nerve damage. However, if both
paresthesias and reflexes are abnormal, neuropathy should be
graded as more severe. Combining reflexes and paresthesias
diminishes a scale’s precision. Despite the problems, grading
scales continue to be accepted in clinical and research settings,
mainly because of their ease of use. More convincing evidence
of the inadequate validity of grading scales is needed before
their use will be abandoned.

The final challenge to neuropathy measurement is that a
simple yet comprehensive, clinically useful, and clinimetri-
cally sound CIPN-specific measurement tool has not been
developed. Systematic scoring of the various signs and symp-
toms has been attempted through the development and testing
of several composite instruments. Some of the instruments
provide a comprehensive assessment of multiple neuropathy
signs and symptoms, whereas others assess only a patient’s
subjective symptoms (Bril, 1999; Chaudhry, Rowinsky, Sarto-
rius, Donehower, & Cornblath, 1994; Dyck, Karnes, O’Brien,
& Swanson, 1986; Feldman & Stevens, 1994; Franse, Valk,
Dekker, Heine, & van Eijk, 2000). Others provide information
regarding neuropathy-related changes in QOL or functional

Table 1. Versions of the Total Neuropathy Score

status (Almadrones, McGuire, Walczak, Florio, & Tian, 2004;
Calhoun et al., 2003; Cella, Peterman, Hudgens, Webster, &
Socinski, 2003, Kopec et al., 2006; Postma et al., 2005; Vil-
eikyte et al., 2003). Many of the instruments have been tested
only within the diabetes population.

The Total Neuropathy Score

The Total Neuropathy Score (TNS) is an instrument de-
signed to quantify CIPN. Of all of the available neuropathy
measurement tools, the TNS is the most comprehensive and,
therefore, is worthy of further consideration for expanded
use by oncology nurses. The TNS is the only comprehensive
composite tool to assess subjective and objective aspects of
peripheral nerve function and to have been tested in patients
receiving neurotoxic chemotherapy. The multidimensional
instrument was developed by Chaudhry et al. (1994, 1996).
It assesses the presence, characteristics, and location (distally
versus proximally) of symptoms, as well as the presence, se-
verity, and location of several physical findings. The multiple
versions of the TNS are compared in Table 1. Neither the full,
reduced (TNSr), modified (mTNS), nor clinical (TNSc) ver-
sions adequately assess CIPN-related pain severity.

Scoring

TNS values range from 0—44 for the original version, 0-36
for the more modern TNS, 0—28 for the TNSr, 0—24 for the
mTNS, and 0-28 for the TNSc. Each neuropathy item is
scored by a physician or nurse on a 0—4 scale (see Table 2).
The scores are summed to obtain a total score. Higher total
scores correlate with more severe neuropathy. Unlike oncol-
ogy grading scales (where a floor effect typically results be-
cause most neuropathy is graded 0-2), the TNS’s more finely
gradated scoring intervals allow for more precise detection of
subtle changes in neuropathy. The wider scoring range also
allows for adequate movement up or down, providing greater
sensitivity.

Total Neuropathy

Total Neuropathy

Total Neuropathy Total Neuropathy

Variable Score (TNS) Score-Reduced (TNSr) Score-Modified (mTNS) Score-Clinical (TNSc)
Patient population Oncology Oncology Oncology Oncology
Pin prick \ v N N
Monofilament - - - -
Vibration threshold via tuning fork v v - N
Vibration threshold via QST Y - v -
Thermal threshold via QST < (omitted in modern version) - - -
NCS-sensory v v - -
NCS-motor \ v - -
Deep tendon reflexes v v N N
Strength v v N N
Subjective report

* Sensory v v N N
 Motor v - N N

« Autonomic (fainting, < (omitted in modern version) - - N

impotence, constipation,
loss of bowel and bladder
control)

NCS—nerve conduction studies; QST—quantitative sensory testing

Note. Based on information from Cavaletti et al., 2006 (TNSc); Chaudhry et al., 1994, 1996, 2002 (TNS and TNSr); Wampler et al., 2006 (mTNS).
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Table 2. Total Neuropathy Score Grading

2

3

4

Item 0 1
Sensory symptoms None Limited to fingers or toes
(numbness, tingling,
and neuropathic pain)
Motor symptoms None Slight difficulty
Autonomic symptoms None One yes
Pin sensibility Normal Reduced in fingers
or toes
Vibration sensibility Normal Reduced in fingers
or toes
Strength Normal Mild weakness
Tendon reflexes Normal Ankle reflex reduced

QST vibration threshold Normal to < 95 95-96 percentile
percentile

QST thermal threshold Normal to < 95 95-96 percentile
percentile

Sural amplitude score Normal or 76%-95% of LLN
reduced < 5%

Peroneal amplitude Normal or 76%—-95% of LLN

score reduced < 10%

Extension to ankle
or wrist

Moderate difficulty

Two yes

Reduced to wrist
or ankle

Reduced to wrist
or ankle

Moderate weakness

Ankle reflex absent

97 percentile
97 percentile

51%-75% of LLN

Extension to knee
or elbow

Assistance required
Three yes
Reduced to elbow
or knee
Reduced to elbow
or knee
Severe weakness
Ankle reflex absent or
others reduced
98 percentile

98 percentile

26%-50% of LLN

Above knees or elbows

or functionally disabling

Paralysis

Four or five yes

Reduced above elbow
or knee

Reduced above elbow
or knee

Paralysis

All reflexes absent

> 99 percentile
> 99 percentile

0%-25% of LLN

51%-75% of LLN 26%-50% of LLN 0%-25% of LLN

LLN—Iower limit of normal; QST—quantitative sensory testing
Note. Based on information from Chaudhry et al., 1996, 2002.

Neurologic symptoms are divided into three categories:
sensory, motor, and autonomic. Sensory symptom location
distally to proximally is scored from 0—4 related to three
subcategories: paresthesias, numbness, and neuropathic pain.
A 0 score means that a patient does not have the symptom.
A score of 4 is associated with symptoms extending above
the knee or elbow. One flaw with the scoring approach is that
proximal extension of toes and fingers is scored together, thus
assuming equivalent weighting. This is not consistent with
neuropathy pathophysiology because the longest, most distal
nerve tips become injured first. Consequently, symptoms in
the fingers typically occur later and are indicative of more
severe neuropathy as opposed to signs and symptoms in the
toes, which are considered earlier signs of nerve injury. Pain
severity is not assessed, only its proximal extension. However,
a pain score of 4 indicates disability or opioid analgesic use,
a gross indicator of pain severity. Symptoms are assessed
bilaterally and, if asymmetrical, the highest score is used.
Then, the high score from the three subcategories serves as the
final sensory symptom score. A disadvantage of grouping the
three symptoms together is that a high score for paresthesias
or numbness could negate a lower but clinically significant
neuropathic pain score. Therefore, neuropathic pain should
be scored separately so as not to be overlooked.

Neurologic signs are comprised of seven elements: sensory
pin and vibration sensation, motor function, reflexes, nerve
conduction study results from two nerves, and quantitative
sensory testing. As with subjective symptoms, the highest
score is used if asymmetrical results are found. Within the
sensory category, a patient’s ability to sense a pin prick and
vibration (using a 128 Hz tuning fork) from distal to proximal
locations of the upper and lower extremities is scored. Motor
weakness is assessed in the toes, ankles, hip, fingers, thumbs,
wrists, and arms. The biceps, triceps, brachioradialis, patellar,
and Achilles reflexes are assessed bilaterally.

For nerve conduction study scoring, nerve action potential
amplitudes for the right sural sensory and peroneal motor
nerves are assessed. High scores (worse neuropathy) are as-
sociated with amplitudes that are lower than age-controlled
norms. For example, a score of 0 correlates with nerve con-
duction amplitude 96% or more than what is expected for a
patient’s age. In contrast, amplitudes less than 25% of age-
related norms would be scored as 4. Similar to conduction
study scoring, quantitative sensory testing results are scored
based upon a patient’s ability to sense decreasing gradations
of vibratory stimuli.

Clinimetric Properties

Seven studies evaluated the clinimetric properties of the
TNS or its alternative versions (TNSr, mTNS, TNSc) (see
Table 3). Six of the studies were conducted in patients with
cancer, and one was conducted in patients with diabetes. The
statistical results summarized in Table 3 are limited by a lack
of data reported by the original authors.

The TNS and TNSr have been shown to correlate with
cumulative paclitaxel and thalidomide doses in only two sub-
optimal studies, providing initial but insufficient evidence of
construct validity and responsiveness (Chaudhry et al., 1994,
2002). Two small sample studies did not provide evidence of
TNS construct validity when correlated with platinum and
suramin doses, raising concern as to whether it should be
used as a generic measure of CIPN irrespective of the caus-
ative agent (Chaudhry et al., 1994, 1996). Convergent validity
of the TNS and TNSc when compared to commonly used
oncology neurotoxicity grading scales was demonstrated by
Cavaletti et al. (2003, 2006). However, the validity of the
commonly used neurotoxicity scales has been questioned.
One study provided preliminary evidence of mTNS construct
validity with respect to physical performance measures and
taxane-related QOL (Wampler et al., 2006). Small sample
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Table 3. Studies That Evaluated the Clinimetric Properties of Versions of the Total Neuropathy Score

Patient Neurotoxic Reliability Validity
Study Population Agent N Statistics Statistics Results Comments
Chaudhry etal.,  Cancer (solid Paclitaxel 21 - r=0.62 TNS correlated with Construct validity;
1994 (TNS) tumors) Cisplatin p < 0.003 paclitaxel dose sensitivity to change
over time
Chaudhry etal.,  Prostate cancer ~ Suramin 22 - Not reported No correlation of TNS TNS > 5 defined as
1996 (TNS) Three dose-defined co- with suramin dose clinically significant
horts with 2/3 N < 5
Cornblath et al.,  Patients with - 30/5  ANOVA, r=0.86 Tool stability and Intra- and inter-rater
1999 (TNS) diabetes and inter-rater r=0.89 equivalence demon- reliability plus conver-
healthy controls r=0.938; Cl =95% strated; correlated gent validity
intrarater with two diabetes neu-
r=0.973 ropathy measures
Chaudhry etal.,  Gancer; bone Thalidomide 7 - r=0.83 Correlated with Results suggesting
2002 (TNS marrow trans- p not reported thalidomide dose; construct validity
without QST) plantation (4) responsiveness not compromised by small
determined because of N and heterogeneous
lack of control group population
measurement
Cavaletti et al., Cervical cancer ~ Paclitaxel 60 - TNS > 5:r=0.187-0.220,  Correlated with NCI- Construct validity not
2003 (TNS and Cisplatin p not significant CTC, Ajani, ECOG demonstrated because
TNSr) TNS <5:1r=0.472-0.691,  grading scales only compared to untested
p < 0.0001 with TNS and TNSr < construct
TNS/TNSr r = 0.937- 5; TNS and TNSr cor-
0.944, p < 0.0001 related with each other
Cavaletti et al., A variety of Cisplatin 428  Inter-rater ~ TNSrand NCI-CTC/ECOG TNSr and TNSc cor- Diverse and large
2006 (TNSr solid and Carboplatin concor- sensory (r = 0.738, related with sensory sample size is a study
and TNSc) hematologic Thalidomide dance = 0.709) grading scales, but strength. Lack of
cancers Paclitaxel 92% TNSc and NCI-CTC/ECOG moderate to low corre-  control for many con-
Docetaxel sensory (r = 0.666, lation with motor-grad- ~ founding variables.
Vincristine 0.747) ing scales; sensory TNSr and TNSc com-
Vinblastine TNSr/TNSc and NCI-CTC/ and motor symptoms, pared to untested
ECOG motor scores NCS, and pin and vi- construct
ranged from 0.492— bration sensibility were
0.518. moderately to poorly
All p < 0.0001 correlated with grad-
ing scale scores (r =
0.316-0.577)
Wampler et al., Breast cancer Paclitaxel 20/20 - r=0.990, p < 0.001 TNS correlated with Suggests mTNS
2006 (TNSand  and healthy Docetaxel r=-0.638, 0.654,-0.615,  mTNS; mTNS cor- construct validity
mTNS) controls p =0.002-0.004 related with balance, and no added benefit
p < 0.001 physical performance,  from NCSs; threats to

and quality of life and
discriminated between
cancer and healthy
controls.

statistical and external
validity

ANOVA—analysis of variance; Cl—confidence interval; ECOG—Eastern Cooperative Oncology Group; mTNS—Total Neuropathy Score-modified; NCI-CTC—
National Cancer Institute Common Terminology Criteria; NCS—nerve conduction studies; QST—quantitative sensory testing; TNS—Total Neuropathy Score;
TNSc—Total Neuropathy Score—clinical; TNSr—Total Neuropathy Score-reduced

sizes, methodologic and statistical limitations, and lack of
control for confounding variables threatened the internal,
external, and statistical validity of most of the studies. Corn-
blath et al. (1999) was the strongest of the seven, providing
support through the employment of rigorous research meth-
ods for TNS reliability and validity, but only in the diabetes
population. Finally, none of the aforementioned studies ad-
equately evaluated neuropathic pain severity as a component
of CIPN assessment.

Clinical Significance and Utility
Clinical significance was addressed only briefly in one ar-

ticle (Chaudhry et al., 1996). Although readers could assume
that clinical significance was determined through consensus
of the various neurologists involved in the research, a process
of that nature was not described. No evidence was presented
describing how patient input has or should be obtained in that
regard. Perhaps future measurement approaches should assess
neuropathy-specific patient distress.
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Sensitivity and responsiveness are additional qualities to
consider. As previously mentioned, TNS sensitivity to detect
subtle changes in peripheral nerve function far surpasses that
of the commonly used neurotoxicity grading scales. Also,
some evidence exists that the TNS is responsive to changes
over time in patients receiving higher and higher cumulative
neurotoxic chemotherapy doses. An additional factor that
should be considered is whether the TNS is practical for use
by non-neurologists employed in busy oncology settings. No
studies to date have assessed physician or nurse inter-rater
reliability when compared to a neurologist.

Application to Nursing Practice

The TNS was designed for use by a neurologist when
assessing neuropathy signs and symptoms. No literature
was found that reported TNS use by nurses. However, the
most clinically applicable TNS variant, the TNSc, could be
employed easily by nurses with only minimal specialized
training. Although basic physical assessment training for
nurses typically incorporates subjective symptoms, pinprick
sensation, and muscle strength, most nurses are less skilled at
assessing vibratory sensation and tendon reflexes. However,
those skills can be learned easily. The following example
illustrates the simplicity of vibration sensation evaluation
techniques. When assessing tuning fork vibration sensibility, a
nurse’s ability to sense vibration is contrasted against that of a
patient. While placing the vibrating tuning fork on a patient’s
great toe metatarsal or finger nail, a nurse then would place
his or her own finger beneath the patient’s great toe or finger,
feeling the vibration through the patient’s digit. The nurse
should feel the vibration for at least as long as the patient feels
it. However, if the patient stops feeling vibration before the
nurse, this indicates that the patient’s vibratory sensibility is
diminished. Tendon reflexes are more challenging to assess,
particularly the ankle reflex. However, with practice, nurses
can become skilled at reflex assessment. One way to facilitate
neuropathy assessment training would be to routinely offer
neuropathy educational sessions at the Oncology Nursing
Society’s semiannual conferences.

Recommendations for Future Research

Further clinimetric research is needed, with an emphasis
on developing a more parsimonious and clinically useful

TNS variation. Although Cavaletti et al. (2006) evaluated the
validity of the simplified TNSc in comparison with oncology
grading scales, the work may have been premature. Before
such comparisons can be made, future work should establish
the clinimetric value of neuropathy grading scales. Other-
wise, researchers may be attempting to establish validity of a
new measure through comparison with a potentially invalid
standard.

In addition to determining how a new tool compares with
other neuropathy measurement tools, the extent to which a
shortened TNS will predictably quantify neuropathy and pain
in relationship to other related or similar constructs should be
assessed. For example, a neuropathy tool should reveal that
neuropathy and related pain are more severe in patients receiv-
ing higher cumulative and individual chemotherapy doses and
in those with comorbid illnesses that place them at increased
risk of developing CIPN. Additionally, future studies should
investigate whether a simplified TNS can be used to quantify
CIPN caused by any neurotoxic agent, regardless of drug-
specific variations in nerve injury pathophysiology. Therefore,
the refined TNS should be tested in patients receiving a wide
range of neurotoxic agents and cumulative and individual
doses, as well as in high-risk patients, because specific pat-
terns of neuropathy may be associated with specific agents.
Lastly, further research assessing whether nurses can accu-
rately complete a shortened TNS-based neurologic assessment
when compared to neurologists will be important.

Conclusion

As new cancer treatments using neurotoxic agents ultimate-
ly prolong life, the effect of chronic, disabling neuropathy
will become even more apparent. Yet intervention research
targeting CIPN prevention and treatment has been hindered
by the absence of a simple, clinically useful, and psychometri-
cally sound measurement tool that can be used by oncology
nurses. The development of such a tool will lead to improved
neuropathy assessment and will facilitate discovery of future
interventions. Therefore, CIPN measurement research should
be a priority for the future.

Author Contact: Ellen M. Lavoie Smith, MS, APRN-BC, AOCN®,
can be reached at ellen.l.smith@hitchcock.org, with copy to editor
at ONFEditor @ons.org.
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