
Clinical Assessment of Pain and Sensory
Function in Peripheral Nerve Injury and
Recovery: A Systematic Review of Literature
Albin A. John, MBA1 Stephen Rossettie, MBA1 John Rafael, MBA1 Cameron T. Cox, BBA1

Ivica Ducic, MD, PhD2 Brendan J. Mackay, MD1

1Department of Orthopaedic Surgery, Texas Tech University Health
Sciences Center, Lubbock, Texas

2Washington Nerve Institute, McLean, Virginia

Arch Plast Surg 2022;49:427–439.

Address for correspondence Albin A. John, MBA, Department of
Orthopaedic Surgery, Texas Tech University Health Sciences Center,
3601 4th Street, Mail Stop 9436, Lubbock, TX 79430
(e-mail: albin.john@ttuhsc.edu).

Peripheral nerve injuries (PNIs) continue to present challenges
for surgeons, andmultiple novel techniques andproducts have
been utilized to address shortcomings of nerve repair.1–3 Pain
and/or sensory deficits often develop after traumatic PNI or
nerve surgery.4 In traumatic PNIs, surrounding tissue damage
is common and has been associated with suboptimal out-
comes.5,6 While treatment decisions in more severe injuries

may be relatively straightforward, incomplete transections or
nervous deficiency not caused by trauma can be difficult to
diagnose, treat, and monitor given due to subtle symptoms
and/or slow progression to functional deficits. If nerve func-
tion is not accurately assessed, diagnosis may be delayed or
overlooked and could result in long-lasting functional deficits
with impaired quality of life.7–9
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Abstract Peripheral nerve injuries (PNIs) often present with variable symptoms, making them
difficult to diagnose, treat, and monitor. When neurologic compromise is inadequately
assessed, suboptimal treatment decisions can result in lasting functional deficits. There
are many available tools for evaluating pain and functional status of peripheral nerves.
However, the literature lacks a detailed, comprehensive view of the data comparing the
clinical utility of these modalities, and there is no consensus on the optimal algorithm
for sensory and pain assessment in PNIs. We performed a systematic review of the
literature focused on clinical data, evaluating pain and sensory assessment methods in
peripheral nerves. We searched through multiple databases, including
PubMed/Medline, Embase, and Google Scholar, to identify studies that assessed
assessment tools and explored their advantages and disadvantages. A total of 66
studies were selected that assessed various tools used to assess patient’s pain and
sensory recovery after a PNI. This review may serve as a guide to select the most
appropriate assessment tools for monitoring nerve pain and/or sensory function both
pre- and postoperatively. As the surgeons work to improve treatments for PNI and
dysfunction, identifying the most appropriate existing measures of success and future
directions for improved algorithms could lead to improved patient outcomes.
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As understanding of nerve regeneration has improved, so
have methods for evaluating nerve status both pre- and
postoperatively. Given that nerve assessment algorithms
can impact diagnosis, intervention, and recovery, a compre-
hensive view of the relevant literature may ultimately assist
surgeons in improving patient outcomes.

Methods

Development Process
The authors performed a systematic review across multiple
databases using a comprehensive combination of keywords
and search algorithm according to the Preferred Reporting
Items for Systematic Reviews and Meta-analyses (PRISMA)
guidelines.10 The literature search focused on clinical data
regarding the assessment of sensory and pain recovery after
PNI was undertaken to define the utility of each assessment
tool.

Literature Search
A systematic literature review was conducted to identify
study abstracts for screening. The databases used included
PubMed/Medline, Embase, Cochrane, and Google Scholar
databases using the controlled terms: “Humans” and “Pe-
ripheral nerve injuries” and “sensory” or “pain” or “function”
or “assessment” or “recovery” or “outcome.” Manual addi-
tions to our search query were made using the key terms:
“sensory recovery,” “sensory outcomes,” “sensory assess-
ment,” “sensory testing,” “sensation assessment,” “sensation
assessment,” “nerve assessment,” “nerve sensory testing,”
“sensory function testing,” and “nerve evaluation.” Search
dates were from January 1960 to December 2020.

Study Eligibility
A minimum of two reviewers worked independently to
further review and screen abstracts and titles. All articles
that reported pathogenesis of sensory deficits secondary
to nerve damage and those that assessed various tools
used to measure sensory recovery and pain assessment
tools were included. Only articles in English were
reviewed. Full-text articles were assessed during screen-
ing if there was uncertainty on whether the article should
be included. Article titles and abstracts that did not
address our research question objective were excluded.
Further full-text assessment of the selected articles was
done, and articles that did not address peripheral nerve
motor assessment and recovery were excluded. The
PRISMA diagram in ►Fig. 1 further describes the literature
evaluation process.

Data Extraction
After assessment of eligibility, three authors extracted data
from the marked articles. Important parameters that were
recorded when available included the year of the study,
number of patients in the study, sensitivity and specificity
of the tools assessed, benefits and limitations of tools
assessed, opportunities for improvement, and clinical roles
in nerve recovery assessment.

Overview

Degree of peripheral nerve recovery can be assessed by
testing the patient’s postinjury sensory, pain, and motor
function. Due to the breadth of information in each of these
categories, the scope of this manuscript is limited to the
monitoring of sensory recovery and pain attenuation. When
assessing for peripheral nerve recovery, it is an important
factor that there are multiple different types of nerves in the
human body that vary based on size, myelination, conduc-
tion velocity, and function with larger and more heavily
myelinated neurons, providing faster conduction velocities
and carrying different types of information than smaller,
unmyelinated neurons.6,11 These nerves can carry informa-
tion from mechanosensory organs found on nonhairy or
glabrous skin, such as the Ruffini endings, Meissner cor-
puscles, Merkel discs, and Pacinian corpuscles, to provide
sensory information about texture and shape.11

Regardless of the types of receptors or nervefibers, nerves
can be damaged during trauma and are classed by Seddon
based on the demyelination and the extent of damage
incurred to various layers of the nerve sheath and connective
tissues. The mildest forms of injury or neurapraxia are often
inflammatory injuries whereby nerves are compressed or
pulled by surrounding structures. Severe nerve injuries or
neurotmesis can lead to complete damage of the nerve’s
function due to complete transection of axons.6

Pain Assessment Tools

Pain is a critical factor in any nerve treatment algorithm.
Poorly controlled pain has been linked to poor outcomes
and long-term disability.12,13 A study of 70 soldiers who
had sustained combat-related injuries found that 23% of
sidelined soldiers could have returned to active duty if not
for nerve-related chronic pain that increased their disability
rating.14

Patients with upper extremity (UE) nerve injuries often
have high pain disability (Pain Disability Index [PDI]), UE
disability (Disabilities of the Arm, Shoulder, and Hand
(DASH) questionnaire), and illness intrusiveness (the Illness
Intrusiveness Rating Scale).15 The disability that arises from
pain can also lead to higher rates of reactive depression.16

Numerical Rating Scale and Pain Visual Analog Scale

Aims/Advantages
The Numerical Rating Scale (NRS) and Visual Analog Scale
(VAS) for pain are two methods of measuring patients’ self-
reported pain levels.17–19 Pain intensity, while important, is
deficient without the context of the patient’s pain tolerance.
The VAS scale directs patients to indicate their pain on a 10-
cm horizontal line between “no pain” and “worst imaginable
pain” at the ends of the line. The distance between “no pain”
and the patient’s mark is recorded as patient’s perception of
pain.18,19 The NRS follows a similar method of identifying
patient pain between “no pain” and “worst imaginable pain”
but can be administered graphically or verbally. The VAS and
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NRS have excellent sensitivity and are reliable, with strong
correlation between scores provided by the two tools.18

Disadvantages/Criticisms
These scales incorrectly assume that pain is a linear phe-
nomenon. Furthermore, experience of pain varies between
individuals.17 With respect to the VAS, patients who are
cognitively impaired will not be able to provide an accurate
assessment of their pain using the tool, and it has been
shown that themajorityof all patients (including unimpaired
patients) do not prefer the VAS.18 Older patients, similarly,
can have difficulty completing the VAS due to impaired
motor skills. This scale can only be administered in person
(not via telephone).19,20 While both tests help contextualize
the pain intensity within what patients consider their uni-
dimensional spectrum of pain, the tests do not convey
information on the quality of the pain.19

Improvements
The labels on either end of the VAS test should be standard-
ized as differing terminology can skew responses.20 The NRS
also requires further standardization as the test has been
performed with differing numbers of stratifications (11, 21,
or 101 levels).20

Role in Nerve Assessment Algorithm
This tool should be used to identify patient-perceived pain
intensity.Additional toolsmustbeusedtodeterminepainquality.

McGill’s Pain Questionnaire and Short-Form MPQ

Aims/Advantages
The McGill’s Pain Questionnaire (MPQ) incorporates sensory
and pain response data, as well as pain intensity, to better
understand the full spectrum of pain experienced by

Fig. 1 PRISMA 2009 flow diagram. PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-analyses.
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patients.21 The questionnaire is a reliable and valid tool that
can distinguish between nocioceptive pain and neuropathic
pain and is sensitive to the effects of nerve interventions.19,22

Disadvantages/Criticisms
The length of the MPQ may place excessive burden on the
respondent. The questionnaire also has complex vocabulary
that can affect compliance.19 As a result, this test can be
difficult to standardize among different clinics or hospital
groups.17,19,22 Given its length, scoring of the MPQ can erro-
neously correlate quantity and quality such that high scores
can be achieved with increased numbers of low quality
responses.22 While the Short-Form-MPQ (SF-MPQ) is both
easier to take and less complex to understand, it still requires
supervision and familiaritywith questionnaire terminology.19

Improvements
Criticisms of theMPQ resulted in the creation of the SF-MPQ.
By reducing complexity and length, the SF-MPQ decreased
respondent burden. Both theMPQ and the SF-MPQ can assess
multiple types of pain but neither was designed to assess
neuropathic pain.23 To incorporate neuropathic pain charac-
terization, SF-MPQ-2 was developed with seven domains for
neuropathic pain. The SF-MPQ-2 is a reliable tool that has
increased generalizability without increasing respondent
burden.23

Role in Nerve Assessment Algorithm
The MPQ is no longer recommended, as it has been suc-
ceeded by the SF-MPQ in understanding patient’s dimen-
sions of pain. This tool can be used to assess patient pain
intensity, quality, and efficacy of treatment. The SF-MPQ-2
should be used when evaluating neuropathic pain.

Pain Disability Index

Aims/Advantages
The PDI is a 7-item questionnaire that assesses the extent to
which pain interferes with patients’ daily life activities (family
and home responsibilities, recreation, social activity, occupa-
tion, sexualbehavior, self-care, and life-support activity).24Each
item is ranked on a scale of no disability (0) to total disability10

where disability is defined as limitations in fulfillment of a role
that was once normal for that individual. The PDI has high
internal consistency, sensitivity, modest test–retest reliability,
and good concurrent validity.15,25,26 Scores can also indicate
psychological distress and other pain-related disabilities.25

Disadvantages/Criticisms
Pain behaviors (PBs) used in the PDI are not necessarily
linked to disability.25 Furthermore, there is a lack of stan-
dardization as some physicians use a one-factor PDI while
others use a two-factor PDI.26

Role in Nerve Assessment Algorithm
The brevity and reliability of the PDI places it ahead of more
comprehensive tools such as the Sickness Impact Profile,Wet
Haven Yale Multiaxial Pain Inventory, and Chronic Illness

Problem Inventory. However, it correlates well with the VAS
tool. A one factor PDImay be used as an alternative to the VAS
to understand both the intensity and the multidimensional
experience of patients’ pain.26

Cold Intolerance Symptom Severity

Aims/Advantages
Cold intolerance, characterized by pain, stiffness, or altered
perception with cold exposure, is a prevalent symptom in
many UE PNIs and can present throughout a patient’s recov-
ery course.27,28 Using a cold intolerance severity scale,
researchers have noted that 38% of patients with hand
fractures are cold intolerant and that cold intolerance corre-
lates with pain.16 While the pathophysiology of cold intoler-
ance is not fully understood, the severity of cold intolerance
may indicate poor nerve recovery.29,30 Unfortunately,
patients do not report complete recovery from cold intoler-
ance and may require lifestyle modifications.29,31,32

The Cold Intolerance Symptom Severity (CISS) is a short
questionnaire that assesses cold intolerance and how it
affects daily function. Incidences of cold intolerance, sources
of relief, and activities that may provoke cold intolerance are
recorded using this questionnaire. The higher the score, the
greater the cold intolerance. It is a highly reproducible and
reliable test of cold intolerance in upper extremity
injuries.12,29,31–34

Disadvantages/Criticisms
The CISS is a broad assessment of cold intolerance that
sacrifices a focus on symptom-specific minutia to maximize
compliance.29 The CISS does not accurately characterize the
size of cold intolerant area, nor does it record how quickly
symptoms of cold intolerance precipitate on cold exposure.32

Some have claimed that the grouping of the CISS scores into
mild, moderate, severe, and extreme severe, is arbitrarily
decided.31 Other critics of the CISS note that the test com-
bines location, severity, and activity; however, these varia-
bles are not independent. Furthermore, the scoring system
gives unwarranted emphasis to the answer option “Other” in
Questions 2 to 4.32,34 The scoring system also gives more
weight to activity impairments than symptom character-
istics when determining overall score.32,34

Improvements
Critics of the CISS have proposed that the inclusion of answer
options “not applicable” and “never” in Questions 2 and 3.31

Role in Nerve Assessment Algorithm
The CISS may be used as a screening tool to identify patho-
logic cold intolerance.31

Patient-Reported Outcome Measurement Information
System Pain Intensity

Aims/Advantages
The Patient-Reported Outcome Measurement Information
System (PROMIS) Pain Intensity form initially contained a
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single item assessing a patient’s average pain on a self-
reported scale (1¼no pain and 10¼worst pain imagin-
able).35,36 The test has demonstrated excellent reliability
and validity and can be used in a wide variety of clinical
scenarios.37

Disadvantages/Criticisms
The PROMIS Pain Intensity offers little improvement over the
traditional VAS and/or NRS.

Improvements
A 3-item PROMIS Pain intensity form has been developed
which includes ratings of worst pain and average pain in the
past 7 days, as well as pain at the time of completing the
questionnaire.38

Role in Nerve Assessment Algorithm
The PROMIS Pain Intensity can be used replacing NRS or VAS
to evaluate pain intensity and may be preferred when
simultaneously tracking other PROMIS scores (e.g., behavior
and interference).

Patient-Reported Outcome Measurement Information
System Pain Interference

Aims/Advantages
The PROMIS Pain Interference form is a 9-item questionnaire
developed to assess the degree in which pain negatively
affects daily activities.35,39 The form has been well validated
with high reliability and independence of individual
items/questions.39 Scores can be compared with a baseline
of the uninjured general population.39

Disadvantages/Criticisms
Validation studies were performed with a large range of
individuals both healthy and with a variety of health
problems.39

Role in Nerve Assessment Algorithm
The PROMIS Pain Interference form may be used to assess
the degree in which nerve pain is impacting patients’ daily
activities and relationships. While it has been used in some
peripheral nerve surgery studies,40,41 more clinical data are
needed to determine its place in a variety of nerve-related
pathologies.

Patient-Reported Outcome Measurement Information
System Pain Behavior

Aims/Advantages
The PROMIS PB form is a 39-item questionnaire designed
to comprehensively assess the behaviors performed by
patients who communicate their pain to others (e.g.,
verbal complaints, facial expressions, gestures,
posture, and activity limitations).42 Responses may
give insights into the intensity, cause, and coping mech-
anisms associated with pain, particularly in chronic
conditions.42

Disadvantages/Criticisms
The complete PROMIS PB form has high respondent burden,
and all questions may not be relevant to a particular clinical
scenario. It is unable to distinguish between acute and
chronic pain which are considered unique experiences
from a patient’s perspective.43

Improvements
The PROMIS-PB can be adapted to create a short form for a
given clinical scenario.42

Role in Nerve Assessment Algorithm
While other pain assessments may be more valuable for
assessing efficacy of interventions, the PROMIS PB form may
assist in guiding nonsurgical treatment of chronic neuro-
pathic pain.

Patient-Reported Outcome Measurement Information
System Neuropathic Pain Quality Scale

Aims/Advantages
The Neuropathic Pain Quality scale (PROMIS-PQ-Neuro) is a
5-item questionnaire developed specifically to assess the
quality of neuropathic pain (as opposed to nociceptive
pain).38 It has good sensitivity and specificity and can be
used to differentiate between neuropathic and nonneuro-
pathic pain.38

Disadvantages/Criticisms
The PROMIS-PQ-Neurowas validated in patients with chron-
ic conditions including osteoarthritis, rheumatoid arthritis,
diabetic neuropathy, and cancer chemotherapy-induced pe-
ripheral neuropathy.38 Other PROMIS forms have been de-
veloped to assess pain intensity, interference with daily
activities, and behaviors expressed when in pain.39,42,44

These were also developed and validated in patients with
chronic conditions unrelated to peripheral nerve
dysfunction.

Role in Nerve Assessment Algorithm
While the PROMIS-PQ-Neuro is a reliable test for assessing
pain quality, further clinical data are needed to determine its
role in the context of peripheral nerve assessment.

Sensory Testing

In a clinical setting, sensation includes not only receptor
detection of physical stimuli but also cortical mapping of
inputs. Sensory impulses can be modulated via receptor field
size and number. Furthermore, these receptors can be identi-
fied as quick or slow adapting.45 While sensation is the
subjective experience of stimuli, sensibility is the capacity to
appreciate these stimuli.46 Sensory testing most often meas-
ures sensation, and multiple tests can be used to address
different parameters, including fast- or slow-acting receptors,
innervation density, and/or distal versus proximal location of
neurologic compromise.45,47A comparison of common senso-
ry testing modalities is presented in ►Table 1.48–55
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Two-Point Discrimination

Aims/Advantages
Developed in 1834 by E. H. Weber and refined in 1935 by
Wilgis, the Two-Point Discrimination (2PD) measures the
minimum distance between two stimuli at which a patient
can correctly identify them as distinct points.46,56 The test is
used to assess tactile discrimination and reveals the number
of reinnervated receptors. Either one or two probes are
applied to a surface with pressure that causes minimal
discomfort, and patients are asked to report the number of
probes that they can feel. The smallest distance that a patient
can effectively discriminate between the two separate stim-
uli is recorded.

There are two types of 2PD, static and moving. Static 2PD
measures density of the slow-adapting receptors as they
reinnervate. Moving 2PD measures, the quick-adapting
receptors that recover sooner than other kinds of recep-
tors.17 Researchers, using various health care workers and
2PD tests at two distances, demonstrated that similar 2PD
results were measured across all observers and that the
variability did not significantly affect its validity.57

Disadvantages/Criticisms
While this measure is helpful in patients with acute, mild
nerve injury, it may not be useful in patients with chronic or
severe nerve injury, as the distance of discernment often is
far greater than the width of a digit.45,58 Other criticisms of
the technique include the lack of standardization of the
force applied.28,45,59,60 Additionally, time between stimulus
applications (from first to second point of 2PD) has been
shown to affect the ability to discriminate between stim-
uli.61 While some have supported the 2PD test for its high
level of consistency,62 others have consider it to be inher-
ently inconsistent, largely due to the lack of control of
application force, even within a single tester.60,63–66 Despite
its widespread use, the 2PD has been shown to have low
validity in assessing the tactile spatial acuity of hands.58 The
2PD test also shows a lack of correlation or predictive value
with commonly used electrodiagnostic techniques such as
nerve conduction studies.67 Perhaps most importantly, 2PD
has been criticized for poor responsiveness which may be
related to its use of passive rather than active touch (e.g.,
patients are touched by an object versus actively touching
an object).28,68

Improvements
One improvement of the 2PD test is the addition of orienta-
tion, resulting in a new two-point orientation discrimination
(2POD) test.56 This solves the problem of unintended non-
spatial cues, an issue highlighted by critics who noted that at
close distances, the brain may be able to detect a change in
overall magnitude of pressure without truly detecting the
two separate points of contact.61 By requiring the patient to
specify the orientation (horizontal vs. vertical) of the second
stimulus relative to the first, this false detection can be
avoided.56,69 Spatial direction detection may also be en-
hanced using an adaptive stimulus.69

Attempts to address the lack of applied force standardiza-
tion in 2PD have resulted in multiple novel devices. These
include the Absolute Digimatic caliper,56 Dellon’s Pressure-
Specifying Sensory device,17 and the Disk-Criminator, the
last of which has been shown to have good intertester
reliability when used in a consistent manner.70,71

Criticisms of the 2PD’s passive touch limitation have led to
alternative discrimination testing modalities such as tactile
acuity charts (74). These consist of raised dots or rings on a
sheet which patients must actively touch to discern multiple
points at a variety of spacing intervals. Tactile acuity charts
have demonstrated superior test–retest reliability over a 1-
week period compare with passive measures.72

Role in Nerve Assessment Algorithm
2PD is indicated for assessing tactile gnosis after nerve
injury.73 In a systematic review of peripheral nerve recon-
struction functional outcomes, themost commonly used test
was the static 2-point discrimination (S2PD) assessment for
sensory assessment.62 Given its limitations, results of 2PD
should be corroborated by other tests and/or clinical find-
ings, especially when subjective recovery does not alignwith
2PD findings.

Semmes–Weinstein Monofilament Test

Aims/Advantages
Semmes–Weinstein monofilaments (SWM) assess cutane-
ous pressure threshold to reveal reinnervation status.17 The
filament exerts a constant force on the skin area for approxi-
mately 1 second, and threshold is defined as the lightest
filament that patients responded to correctly.58 Results of
SWM are superior to those attained from a tuning fork
(detailed in a later section) as they provide stratified and
quantitative measures that can be followed through the
patient’s recovery process.17 The test can also be used to
identify sensory perception in all areas of the hand. It is a
reliable, standardized, easily administered, and inexpensive
method of obtaining quantitative sensory data.73 Addition-
ally, it has been shown to have significant associations with
other evaluation tools, such as nerve conduction studies,
particularly for carpal tunnel syndrome (CTS).74 Unlike 2PD,
the amount of force applied during SWMtesting is controlled
by the thickness of each filament.63,64

Disadvantages/Criticisms
The SWM test is a fragile test due to its use of small filaments,
and it is also limited by its use of an ordinal scale rather than
a continuous scale.28 Additionally, it has been criticized for
its inability to account for variables outside of nerve injury
that increase threshold, such as skin callouses and increased
age.75 The SWM test is more time-consuming than the 2PD
which may make it less feasible in a busy office.76,77

Improvements
The Weinstein Enhanced Sensory Test (WEST) is a more
robust SWM test that focuses on consistent filament size
across the filaments in a test kit. It also reports continuous
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force values rather than ordinal values.28 Furthermore, it
demonstrates the best responsiveness in all sensory tests,
especially in children, and is easily administered and scored
in the clinical setting.59

Role in Nerve Assessment Algorithm
SWM is indicated for assessing reinnervation after PNI.73 It is
often used alternatively to 2PD when there is adequate time
in clinic to perform SWM.76 Compared with 2PD, it has
higher responsiveness to sensory function and can therefore
be used to detect recovery sooner than 2PD.

Pick-Up Test

Aims/Advantages
Initially developed by Moberg78 in 1958 and then quantified
by Omer,79 the Pick-Up test assesses general sensibility and
tactile gnosis. In this test, patients are timed as they pick up an
object and place it in a designated areawhile blindfolded. This
test not only assesseswhether the patient can sense the object
but also if they can combine the sensory input with motion.46

Compared with 2PD, the Pick-Up test has shown higher
sensitivity to changes in patients with median nerve injury.68

Disadvantages/Criticisms
The objects in this test have been specified as 10 small metal
objects, but further specification does not exist. Without a
standardized and/or commercially available set of metal
objects for this test, clinicians must choose their own objects
which adds heterogeneity between studies using this test.78

Improvements
Standardization of the objects would improve the consisten-
cy of the Pick-Up test among clinicians.

Role in Nerve Assessment Algorithm
Since the 2PD test often does not detect early nerve recovery,
the Pick-Up test may be used as a complement to the 2PD
test, as it offers additional information to an examination in
the early postoperative period. However, subsequent tests
have been developed to fill this role (Shape Texture Identifi-
cation [STI] test, detailed in a later section).

Vibration Assessment

Aims/Advantages
Vibration thresholds of fast-adapting receptors are tested
using a tuning fork. A low-frequency fork can be used to
assess early damage to nerves (especially after compression
injury), as well as early recovery and reinnervation of
previously damaged nerves.80 Much like thermal sensitivity
(discussed in a later section), fast-adapting fibers for vibra-
tion typically respond quickly to injury.46 For chronic nerve
compression, a higher frequency fork should be used.

Disadvantages/Criticisms
This test is highly subjective and based on patient recall.
Tuning forks have been criticized for their low clinical value

due to shortcomings, including low interrater and intrarater
reliability,81 variable application of force, and inconsistent
performance of the fork due to the influence of the exam-
iner’s hand holding the instrument.64

Improvements
While vibration thresholds are variable with tuning forks,
vibration thresholds can be quantified using a Vibrometer.
Vibrometers have fixed many of the problems associated
with tuning forks, delivery is standardized with controlled
frequency, intensity, and ramp speed.75 The Vibratron II
(fixed frequency 120Hz) has shown great intertester reli-
ability.82,83 Still, these are relatively, uncommonly used in
clinic for evaluation of nerve recovery after neurotmesis as
they have been noted to be expensive and have been mainly
studied in compression syndromes and vibration-induced
neuropathy.83

Though they are highly reliable, traditional vibrometers
can only assess a single frequency and may not be able to
address the full spectrum of nerve deficiency. Newer vibr-
ometers include multiple vibration threshold frequencies.45

Role in Nerve Assessment Algorithm (Recommendations
for Appropriate Use)
Tuning forks have very limited indications for clinical use.
Vibrometersmaybeused todetectearlynerve injury inpatients
that may need surgery for nerve repair, especially following
nerve compression or vibration-induced neuropathy.80,83

Ten Test

Aims/Advantages
The TenTest was initially described by Strauch et al as a quick
and convenient way to assess light touch using an examiner’s
hand and patient’s responses to the experience on a scale of 1
to 10,with 10 being normal.84 This test compares touch on an
affected limb versus that on the contralateral limb and can
provide a quick screening of the large A-β nerve fibers.84 It
has good validity, reliability, and sensitivity, especially in CTS
patients. In fact, it was found to be superior to the WEST and
both forms of 2PD for detecting minimal loss of sensation in
patientswith CTS.76 The TenTest assesses patient perception
of sensation on a scale of 0 to 10 and utilizes the healthy
contralateral limb to understand sensory deficits.45 This test
can be used for adults and children over 5 years of age.54,59

Disadvantages/Criticisms
The Ten Test is more subjective than most other sensation
tests and has been criticized for lacking a standardized
method to document hyperesthesia.76,85 Additionally, the
test relies on one side of the body having full sensation.Many
patients (especially older or diabetic patients) may be un-
aware of mild bilateral sensory loss which may confound
results of this test.

Role in Nerve Assessment Algorithm
Clinicians may use the Ten Test to understand a patient’s
perceived discomfort and sensory changes after an injury.

Archives of Plastic Surgery Vol. 49 No. 3/2022 © 2022. The Korean Society of Plastic and Reconstructive Surgeons. All rights reserved.

Pain and Sensory Assessment Review John et al. 435



These subjective findings represent one component of sen-
sory function and should be corroborated by more objective
measures when possible.59

Shape Texture Identification Test (STI)

Aims/Advantages
The STI test uses multiple objects of varying size and shape
that the patient has to identify. This test is particularly useful
in median nerve injury patients as it requires active manip-
ulation. The STI differs from other tactile gnosis tests in that
it specifically focuses on identifying shapes, objects, and
textures.59 The active manipulation is a key feature of the
STI test that makes it a valuable complement to 2PD which
does not take into account active touch.63 This test has shown
high sensitivity and specificity for measurement of tactile
gnosis at follow-up assessments following nerve inju-
ry.33,63,73 Unlike the previously described Pick-Up test, the
STI is highly standardized.86

Disadvantages/Criticisms
Although the STI test is standardized and existing reports
have shown its validity, the literature for the STI test is
limited, given its relatively recent development and less-
frequent clinical use compared with tests such as 2PD and
SWM.87 At present, the STI is typically used as a complement
to the 2PD test rather than a stand-alone measure of sensory
recovery.

Role in Nerve Assessment Algorithm
The STI reliably detects change in previously injured nerve
function and should be used as a complement or alternative
to 2PD or SWM, particularly when these do not correlate
with subjective findings. Further clinical data are needed to
determine whether STI may replace 2PD or SWM in current
assessment algorithms.

Manual Tactile Test

Aims/Advantages
Themanual tactile test (MTT)wasdevelopedasa result ofneed
to refine and interpret sensory information through self-
generated movements with greater precision.88 Additionally,
activehand sensation can facilitate better predictions for hand
performance than those of traditional sensibility assessments.
The MTT is comprised of three subtests which assess patients’
ability to discern the weight (barognosis), roughness (rough-
ness discrimination), and shape (stereognosis) of an object
using active touch of the hand.

The MTT was developed to incorporate both cutaneous
pressure and kinesthetic impulses transmitted through the
hand. Given that more types of sensory information are
included, the MTT may provide more comprehensive data
on tactile gnosis following nerve injury. Among sensory tests
for peripheral nerves, the inclusion of barognosis is unique to
the MTT and has shown utility in monitoring functional
sensibility of neuropathic hands both pre- and
postoperatively.58

Disadvantages/Criticisms
The MTT is used primarily for patients with CTS. Since it
requires the ability to manipulate the hand, the MTT cannot
be executed with a patient lacking this capacity.58 Although
the test can be used to measure sensation in patients with
CTS, it may not be superior to other, more commonly used
sensory tests. In fact, Hsu et al found that both 2PD and SWM
had better diagnostic power than MTT in CTS.88 The test is
currently lacking a measurement for tactile threshold sensi-
bility whichmay need to be added if it is to stand on its own.

Role in Nerve Assessment Algorithm
The MTT has been used in determining the impairment of
manual touch sensibility for CTS with high reliability, accu-
racy, and validity. In addition to its use for patients with CTS,
clinicians have begun using the test to track age-related
degradation in sensorimotor control of the hand in the
elderly population, and to monitor nerve recovery after
injury.58,88 While the SWM is currently considered a supe-
rior diagnostic tool, the MTT has been suggested as an
adjunct to SWM in monitoring the progression of hand
sensibility during the regeneration period.58

Thermal Sensitivity Test (Excluding Cold Intolerance)

Aims/Advantages
The Thermal Sensitivity Test was first described as a method
of assessing thermal discrimination in patients with diabetic
peripheral neuropathy. Thermal sensitivity is reliant on
small fibers which are usually the first to be damaged in
diabetic neuropathy.89 More recently, however, the Thermal
Sensitivity Test was used in a study to assess recovery after
complete nerve laceration (neurotmesis). The 2015 retro-
spective study showed a correlation between thermal sensi-
tivity and mechanosensory function, as measured by 2PD
test and Semmes–Weinstein test. However, recovery of
temperature differentiation was demonstrated in approxi-
mately half of the patients in this study, while 17% had
normal 2PD test and only 7% had normal SW monofilament
test. These results indicate that thermal sensitivity is recov-
ered prior to full recovery and may be a better indicator of
return of protective sensation rather than full functional
recovery.74

Disadvantages/Criticisms
Although it correlates with better overall hand function,
good temperature sensibility is seen in patients with poor
touch sensibility as well. Therefore, the test may be a more
sensitive but far less-specific measure of recovered hand
function. Additionally, cold intolerance is thought to be a
more determinant factor for hand function than temperature
discrimination, and no significant relationship has been
shown between these two variables.74

Role in Nerve Assessment Algorithm
Although the Thermal Sensitivity Test correlates with overall
hand function, it is less clinically relevant than touch sensi-
bility. It is not currently used often for nerve assessment
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following neurotmesis, although future studies may lead to
increased usage of the assessment for this purpose, particu-
larly in the early stages of recovery.74

Discussion

Selecting the optimal nerve test(s) is difficult and lacks
standardization across the field. While a battery of tests
may be ideal, there are practical considerations that prevent
surgeons from performing every test at each visit. Thus, it is
important to optimize the assessment algorithm to obtain
the most accurate and relevant data regarding each patient’s
unique presentation.90

Pain can be assessed both via cold intolerance and
traditional pain assessments. Of the cold intolerance tools,
the CISS is recommended as a screening tool to identify
pathologic cold intolerance. Of the other pain assessments,
the NRS and VAS, while simple to administer, provide only
one dimension of pain. A multidimensional approach using
SF-MPQ or PDI is recommended. Of the two multidimen-
sional assessment tools, the MPQ will characterize pain
while the PDI will give insight into how pain is affecting
daily life.

While 2PD is widely used for sensory assessment, it lacks
responsiveness andmay require either a complementary test
or an alternative. The Pick-Up test, Thermal Sensitivity Test,
or vibration assessment are good complements to the 2PD
test when the 2PD is not responsive. Alternatively, one may
choose to use the SWM instead of the 2PD. The SWM is the
most responsive tool and has high reliability; however, it can
be time-consuming and is not always practical. Additional
testsmay be utilized to add functional perspective, including
the STI test or the MTT test. The Ten Test, though highly
subjective, may be used when time or instrumentation is
lacking, as it is a simple, rapid assessment.

Limitations

Further studies are encouraged to assess the necessity and
ideal combination of tools when assessing peripheral nerve
sensory recovery and pain management. When assessing
peripheral nerve sensory recovery and pain assessment, the
various combinations of tools and idiosyncratic administra-
tion methods can lead to heterogeneity when performing a
literature review on this topic. Furthermore, there is a
paucity of data regarding clinically relevant differences
regarding pain scores before and after treatment for PNI.
To further standardize sensory and pain assessments, there is
a need for increased research in these areas.

Conclusion

Despite advances in diagnosis and treatment of PNIs, there
remains no consensus on the optimal assessment algo-
rithm. This review may serve as a valuable resource for
surgeons determining the appropriate sensory and pain
assessments to monitor nerve function both pre- and
postoperatively.
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