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INTRODUCTION
Peripheral nerve injuries are common conditions, 

affecting up to 5% of patients admitted to a level 1 trauma 
center.1 The sequelae following loss of sensory and motor 

function in the upper and/or lower extremities cannot 
be understated. Patients may experience debilitating 
chronic pain and long-term disruptions in activities of 
daily living, leisure, professional development, and edu-
cation. Similarly, acquired nerve pathologies such as 
nerve compression, postamputation phantom limb pain, 
nerve tumors, brachial plexus neuritis, and neuroma 
pain also lead to impaired function and reduced quality 
of life (QoL).

Patient-reported outcome measures (PROMs) are 
increasingly used in many areas of medicine and surgery 
to inform patient care and research. PROMs offer valu-
able insights into patients’ health status by measuring a 
range of outcomes including symptoms; functional status; 
and physical, mental, and social well-being. Regular use 
of PROMs in clinical care has been shown to enhance 
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Background: The goal of managing patients with peripheral nerve injuries is to 
improve how a patient feels and functions. This goal is best assessed with patient-
reported outcome measures (PROMs), which elicit patient concerns, treatment 
goals, and clinical progression. This study reviews existing PROMs for adult 
patients with peripheral nerve injuries to assess how comprehensively they mea-
sure outcomes important to patients.
Methods: A systematic review of Ovid MEDLINE, Scopus, Web of Science, and 
Embase (from inception to August 13, 2022) was conducted to identify PROMs 
developed for adult patients with peripheral nerve injuries. Studies were included 
if (1) the study population involved traumatic or acquired peripheral nerve inju-
ries; (2) they were randomized controlled trials, cohort studies, or single-arm 
observational studies; (3) participants were 18 years or older; and (4) PROMs were 
used to assess quality of life or patient satisfaction.
Results: A total of 378 studies were included in this systematic review. We identi-
fied 141 unique PROMs used in the adult peripheral nerve injury literature: 20 are 
disease-specific (14%), 10 are function-specific (7%), 19 are mental health and 
well-being–specific (13%), 11 are quality of life–specific (8%), 32 are body region–
specific (23%), 29 are symptom-specific (21%), 3 are satisfaction-specific (2%), 15 
are generic (11%), and 2 are other (1%).
Conclusions: There exists considerable heterogeneity of PROMs used in research 
on patients with peripheral nerve injuries. None of the PROMs comprehensively 
assess this patient population. The need for the development of a comprehen-
sive PROM for this patient population is highlighted. (Plast Reconstr Surg Glob 
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communication between patients and healthcare provid-
ers, guide decisions for value-based health system improve-
ments, and improve overall patient care experiences and 
outcome.2,3 As such, PROMs are indispensable in the pro-
vision and advancement of patient-centered care.

Peripheral nerve injuries are challenging to manage. 
Although nerve transfers are performed to restore motor 
and sensory function, targeted muscle reinnervation and 
regenerative peripheral nerve interfaces4 are performed 
to relieve pain in upper and lower extremity nerve inju-
ries. As the field of peripheral nerve surgery continues to 
advance, and these newer interventions become the stan-
dard of care for managing nerve injuries, it is important 
for healthcare providers to integrate PROMs into their 
daily practice to improve patient experiences and out-
comes. The aim of this systematic review of the literature 
was to identify PROMs currently in use in the adult periph-
eral nerve injury literature, and to explore the variation, 
advantages, and disadvantages of these measures, thereby 
providing researchers, healthcare providers, administra-
tors, and stakeholders with meaningful, precise, and reli-
able feedback on peripheral nerve injury PROMs.

METHODS

Search Strategy and Study Selection
This systematic review is reported in concordance with 

the Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) guidelines (Fig. 1). A literature 
search was performed on Ovid MEDLINE (from inception 
to August 13, 2022), Scopus (from inception to August 
13, 2022), Web of Science (from inception to August 13, 
2022), and EMBASE (from inception to August 13, 2022). 
(See appendix, Supplemental Digital Content 1, which 
displays the literature search strategies, http://links.lww.
com/PRSGO/D717.) The search was limited to English 
language articles.

Studies were included if (1) the study population were 
patients with traumatic nerve injuries (from upper or 
lower extremity trauma or amputation) or acquired nerve 
pathologies (nerve tumor or compression neuropathy); 
(2) they were randomized controlled trials, prospective 
or retrospective cohort studies, or single-arm observa-
tional studies; (3) patients were age 18 years or older; and 
(4) the study utilized a patient-reported outcome mea-
sure to measure QoL and/or patient satisfaction. Studies 
were excluded if (1) they were not primary research arti-
cles (ie, abstracts, conference proceedings); (2) the data 
could not be extracted; and (3) they were case reports or 
case series with fewer than 10 patients. The main objec-
tive of this study was to identify PROMs currently in use 
in the adult peripheral nerve injury literature, and to 
explore the variation, advantages, and disadvantages of 
these measures.

Data Abstraction and Collection
Studies were screened by 2 independent reviewers 

(C.R.W. and M.K.). Reviewers conducted a pilot screen 
of the titles and abstracts of the first 50 studies to ensure 
that the inclusion and exclusion criteria were applied 

consistently. Following this, title and abstract screening 
was completed and the aforementioned authors pro-
ceeded with full-text review of the identified studies. The 
senior author (J.D.) was consulted in cases of disagree-
ment, as needed. Interrater agreement was calculated 
using an unweighted kappa statistic. Abstracted data 
included study title, authors, year of publication, study 
design, level of evidence, peripheral nerve injury category, 
patient population, and PROMs utilized.

Synthesis of Results
PROMs identified in the literature were organized into 

the following categories: disease-specific, function-specific, 
mental health and well-being–specific, QoL-specific, body 
region–specific, symptom-specific, satisfaction-specific, 
generic, and other.

RESULTS
The results of the systematic review of the literature are 

outlined in Figure 1. After removal of duplicates, a total 
of 13,282 articles were identified. Of these, 722 under-
went full-text screening. Interreliability kappa scores 
were 0.716 for title and abstract screening and 0.868 for 
full-text screening. A total of 378 articles were included 
in this study, describing upper extremity amputation/
trauma (n = 73; 19%), upper extremity nerve injury 
(n = 60; 16%), upper extremity compression neuropathy 
(n = 72; 19%), upper and lower extremity amputation/
trauma (n = 13; 3%), upper and lower extremity nerve 
injury (n = 11; 3%), lower extremity amputation/trauma 
(n = 67; 18%), lower extremity nerve injury (n = 10; 2%), 
lower extremity compression neuropathy (n = 60; 16%), 
nerve tumors in the upper or lower extremities (n = 7; 
2%), mixed injuries (n = 3; 1%), and others (n = 2; 1%). 
(See appendix, Supplemental Digital Content 2, which 
displays characteristics of included studies, http://links.
lww.com/PRSGO/D718.)

Of note, mixed injuries included studies that described 
patients with lower extremity nerve injury or compres-
sion neuropathy, upper extremity amputation/trauma or 
nerve injury, and upper extremity compression neuropa-
thy or nerve injury (Fig. 2).

Takeaways
Question: What patient-reported outcome measures 
(PROMs) are being used in adult patients with peripheral 
nerve injuries?

Findings: We identified 141 unique PROMs: 20 are  
disease-specific (14%), 10 are function-specific (7%), 19 
are mental health and well-being–specific (13%), 11 are 
quality of life–specific (8%), 32 are body region–specific 
(23%), 29 are symptom-specific (21%), 3 are satisfaction-
specific (2%), 15 are generic (11%), and 2 are other 
(1%).

Meaning: There exists considerable heterogeneity of 
PROMs used in research on patients with peripheral 
nerve injuries, highlighting the need for a comprehensive 
PROM for this patient population.

http://links.lww.com/PRSGO/D717
http://links.lww.com/PRSGO/D717
http://links.lww.com/PRSGO/D718
http://links.lww.com/PRSGO/D718
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A total of 141 unique PROMs were used in adult 
patients with peripheral nerve injuries. (See appendix, 
Supplemental Digital Content 3, which displays PROMs 
used in adult patients with peripheral nerve injuries, 
http://links.lww.com/PRSGO/D719.)

The visual analog scale was the most commonly used 
PROM, reported in 145 (38%) of the included stud-
ies. The identified PROMs were categorized as disease- 
specific (n = 20; 14%), function-specific (n = 10; 7%), 
mental health and well-being–specific (n = 19; 13%), QoL-
specific (n = 11; 8%), body region–specific (n = 32; 23%), 
symptom-specific (n = 29; 21%), satisfaction-specific (n = 3; 
2%), generic (n = 15; 11%), and other (n = 2; 1%). Of the 
141 unique PROMs, 17 (12%) specifically assess outcomes 
of the upper extremity, 28 (20%) in the lower extremity, 5 
(4%) can be used in both upper and lower extremity inju-
ries, and 91 (65%) are not extremity-specific. (See appen-
dix, Supplemental Digital Content 4, which displays PROMs 
categorized by body region, http://links.lww.com/PRSGO/
D720.) Figure 3 illustrates the number of publications in the 
peripheral nerve injury literature reporting a PROM, by year.

DISCUSSION

PROMs Used in Peripheral Nerve Injuries
We identified 141 unique PROMs used in the following 

contexts: upper and lower extremity amputation/trauma, 
nerve injury, compression neuropathy, mixed injury, and 
nerve tumors. These outline the vast number of generic 
and condition-specific PROMs used in the peripheral 
nerve injury population, each with variable strengths and 
limitations in their use.

Generic PROMs may be applied to different popula-
tion groups and are thus useful in comparing diseases or 
comparing to population normative values. In the context 
of peripheral nerve injuries, generic PROMs such as the 
36-Item Short Form Survey (SF-36) and EQ-5D measure 
QoL; however, they fall short in evaluating a patient’s 
function and feelings as it relates to the loss of both sen-
sory and motor function, the presence or characteriza-
tion of neuropathic pain, or the ensuing length of time 
to return of function after surgical reconstruction. In fact, 
the US Food and Drug Administration and the European 

Fig. 1. PRISMA diagram.

http://links.lww.com/PRSGO/D719
http://links.lww.com/PRSGO/D720
http://links.lww.com/PRSGO/D720
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Fig. 2. Nerve injury types in included studies.

Fig. 3. PROM reporting in peripheral nerve injury literature over time.
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Medicines Agency consider the most widely used PROM, 
the SF-36, inapt for use in studies comparing treatment 
efficacy.5 Other PROMs are specific to anatomic region 
but can still be used across a variety of conditions and 
disease states. These include the Disabilities of the Arm, 
Shoulder and Hand (DASH) questionnaire, Hand20, and 
the Michigan Hand Outcomes Questionnaire for upper 
extremity and the American Orthopedic Foot and Ankle 
Society Score, Short Musculoskeletal Function Assessment 
Questionnaire, and the Lower Extremity Functional Scale 
for lower extremity. PROMs in both categories concentrate 
on relevant activities of daily living but are insufficient in 
addressing neuropathic pain, sensory deficits, aesthetic 
outcomes, or socioemotional aspects, all of which are 
important to the provision of patient-centered care.6,7

Although generic PROMs are beneficial in the com-
parison of a wide range of patients across different health 
conditions, condition-specific PROMs are sensitive to 
pertinent changes in health status. Condition-specific 
PROMs, such as the Boston Carpal Tunnel Questionnaire, 
the patient-rated ulnar nerve evaluation, and the cold 
intolerance severity score, have been designed to assess 
outcomes specific to a particular patient population. 
Despite the availability of PROMs for conditions such as 
carpal tunnel syndrome, there is currently a lack of such 
measures specifically tailored for peripheral nerve inju-
ries as a whole, primarily due to the diversity within this 
patient population. Therefore, the use of generic PROMs 
in conjunction with a condition-specific PROM is recom-
mended. However, such redundancy can lead to unneces-
sary respondent burden, distress, and reduced compliance 
with recurring assessment over time.8

Why Is a PROM Needed for Peripheral Nerve Injuries?
Our review demonstrates that there is no existing 

PROM that is both specific to and comprehensive enough 
for the evaluation of patients with peripheral nerve inju-
ries. The peripheral nerve injury population is unique 
for many reasons. First, patients with peripheral nerve 
injuries can suffer devastating impacts on their daily func-
tions and routines,9–12 some of which are lifelong, such as a 
profound economic impact due to change in work ability. 
Furthermore, depending on both the structure and site of 
injury, there is considerable variability in symptoms and 
patient presentation.13 Second, recovery following periph-
eral nerve injury is multifactorial. Intrinsic factors include 
patient age; level and severity of injury; nerve tissue loss; 
type of nerve involved (motor, sensory, or mixed); which 
nerve is involved (eg, certain nerves are particularly sus-
ceptible to ischemia due to known paucity in their blood 
supply such as the ulnar and peroneal nerves—there is 
a documented correlation with cold intolerance in digi-
tal nerves and the development of marked neuropathic 
pain and/or complex regional pain syndrome in the 
sensory branch of the radial nerve); and associated inju-
ries.14–18 Extrinsic factors include the type of repair, surgi-
cal technique, use of microsurgical equipment, and the 
time between injury and consultation.19–22 Furthermore, 
the central nervous system is also implicated in func-
tional recovery given the profound, on-going cortical 

reorganization following peripheral nerve injuries.23 The 
role of early psychological stress secondary to the trauma 
has also recently been documented as an important factor 
in functional recovery.24 Finally, patients with peripheral 
nerve injuries can develop complex sequelae, such as neu-
ropathic pain, complex regional pain syndrome, depres-
sion, and anxiety, which are multifactorial conditions that 
can be difficult to evaluate and may obscure assessments 
of recovery. For the reasons listed earlier, it remains diffi-
cult to assess recovery after peripheral nerve injuries.

Limitations of Existing PROMs in Peripheral Nerve Injury 
Research

Historically, outcome analysis after peripheral nerve 
injury has focused primarily on quantitative measures 
of sensibility, motor function, and strength.13 Although 
these objective metrics are valuable for assessing specific 
aspects of recovery, they do not capture the full spectrum 
of a patient’s experience. Recognizing this gap, PROMs 
have been developed to include subjective measures of 
the impact of the injury on social and emotional well-
being and function.13 For instance, the DASH is one of the 
most commonly reported PROMs in the peripheral nerve 
injury literature and encompasses the function of the 
entire upper extremity. Although this broad focus is rel-
evant, as nerve injuries can indeed affect the entire upper 
extremity, the DASH has limitations in addressing specific 
aspects of nerve injury recovery. For instance, it cannot 
identify and/or exclude the implementation of compen-
satory mechanisms, which enable the patient to at least 
partially cope with the limitations resulting from their 
peripheral nerve injuries. Additionally, many questions 
included in the DASH refer to activities that individual 
patients may not engage in during their everyday lives. As 
such, it fails to capture some important concepts and may 
not provide the most comprehensive assessment of issues 
crucial to peripheral nerve injury patients, such as pain 
management,25 work disability,26 and sensorimotor defi-
cits.27 Without including patient perspectives and experi-
ences in healthcare decision-making, we fail to ensure that 
treatment aligns with their priorities and needs.

The pain following peripheral nerve injuries can be 
severe and associated with disability,26,28–30 and together, 
both pain and disability levels are predictive factors for 
poor QoL scores.13,31 For instance, Novak et al11 found 
patients with upper extremity nerve injuries to have a 
strong correlation between pain disability and DASH and 
illness intrusiveness. Pain disability describes the negative 
impact of pain on life domains, including work, family 
and home responsibilities, recreation, social activity, and 
self-care. Subsequently, illness intrusion arises due to the 
interfering effects of illness or treatment-related factors on 
life domains.32,33 Furthermore, psychosocial factors such 
as depression, coping, and anxiety can have an effect on 
pain, patient satisfaction, and disability34–37; however, they 
are infrequently measured in this patient population.38 
Although objective assessments of sensibility, motor func-
tion, and strength can help to determine biomechanical 
function and physical impairments, they fall short in mea-
suring the overall functional status in many life domains. 
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An understanding of the complex interplay of both bio-
medical and psychosocial factors of patients with periph-
eral nerve injuries will allow healthcare providers and 
patients to focus on improvements in QoL and function.13

Previous work has highlighted inconsistencies in the 
reporting of outcomes following peripheral nerve inju-
ries.39 Work by Murphy et al40 demonstrated inconsistent 
outcome measure assessment (sensory and motor func-
tion) as well as infrequent and inconsistent PROM use. 
PROM use was proportionately higher in brachial plexus 
patients (DASH, 3 of 16 studies; SF-36, 3 of 16 studies; visual 
analog scale, 3 of 16 studies; and Cold Intolerance Severity 
Score, 1 of 16 studies) compared with mixed (motor and 
sensory) upper extremity nerve injury patients (DASH, 4 
of 59 studies; SF-36, 3 of 59 studies; visual analog scale, 12 
of 59 studies; and Cold Intolerance Severity Score, 3 of 59 
studies).40 Interestingly, in the hand sensory nerve injury 
group of studies, only 2 of 17 studies assessed disability, 1 
using the DASH questionnaire, the other using the occu-
pational performance model.40 Although reliable, the 
DASH has not proven to be valid for nerve repair.41

The lack of clarity and standardization of PROMs 
used to assess patients with life-changing nerve injuries 
precludes the ability to make meaningful comparisons 
between interventions and to develop and adopt best 
practice guidelines. There is an evident need for a com-
prehensive PROM that assesses patients’ perspectives on 
the symptoms that they experience, how they feel and 
function, and their QoL associated with their peripheral 
nerve injury and its treatment.

Peripheral Nerve Injury PROM Development
A PROM must be developed in accordance with guide-

lines set forth by the US Food and Drug Administration.42 
In the first phase, a conceptual framework is developed via 
a review of the literature/existing scales, expert opinion, 
and patient interviews. A conceptual framework is a major 
constituent for PROMs and represents the established 
associations between and among items on a questionnaire 
and domains. In phase 2, the preliminary scales are field 
tested in a large international sample and refined accord-
ing to their psychometric properties. In phase 3, a pro-
spective study is conducted to assess the scales’ ability to 
measure change.

Beyond its rigorous development, a PROM should 
boast excellent psychometric properties, including con-
tent validity, reliability, construct validity, and responsive-
ness. In addition to this, the measure should demonstrate 
cross-cultural validity as well as interpretability and feasi-
bility. Content validity relates to the relevance and com-
prehensiveness of the measure. Reliability refers to the 
degree to which the measurement is free of error and can 
be assessed with test–retest as a repeated measurement 
over time. Construct validity (structural validity, discrimi-
native, convergent, divergent, and cross-cultural validity) 
refers to the ability of the tool to measure the construct 
it was designed to measure. Responsiveness relates to the 
ability to detect changes in the construct over time.

A clinical tool must be easy to use and understand 
to ascertain meaningful data. Furthermore, an optimal 

PROM strikes a balance in assessing both general health 
constructs, such as function and pain, as well as condition-
specific constructs. Successful nerve surgery outcomes 
hinge on the ability to consider each patient’s unique 
circumstances and functional goals, and this should be 
reflected in PROMs used in this patient population. Given 
the variety of peripheral nerve injury types and the diver-
sity of the patient populations affected, developing a com-
prehensive, standardized PROM that effectively captures 
the wide range of patient concerns presents an exciting 
opportunity to enhance personalized care and improve 
patient outcomes. Development of a personalized PROM, 
which allows patients to identify outcomes most important 
to themselves, has recently been described in the cystic 
fibrosis literature43 and may demonstrate notable advan-
tages in the era of personalized medicine.

Future Steps
The increasing use of PROMs in peripheral nerve 

injury research over the years (Fig. 3) is an encourag-
ing sign of the growing recognition of the importance of 
capturing the patient perspective in clinical research in 
this field. In order for future research to do this effec-
tively, there is a need for the development of a PROM for 
adult patients with peripheral nerve injuries. This PROM 
must be developed in concordance with the guidelines 
set forth by the US Food and Drug Administration.42 With 
well-designed studies demonstrating its validity, reliabil-
ity, and responsiveness, we are hopeful that a paradigm 
shift occurs such that use of this PROM becomes the gold 
standard in the management of patients with peripheral 
nerve injuries. Subsequent standardization of PROM 
data collection (eg, at standardized time points posttreat-
ment), analysis, and reporting will facilitate clinicians’ 
and researchers’ interpretation and comparison of data, 
both within and between studies, thus directing patient 
care. Furthermore, validated translations of the PROM 
into other languages will increase its accessibility and 
allow for more diverse patient recruitment into periph-
eral nerve injury research studies, thereby improving the 
generalizability of research in this field. Furthermore, 
although the current study did not include pediatric 
PROMs, there is a need for the development of age-
specific PROMs for peripheral nerve injuries in younger 
populations, namely PROMs adapted to the special com-
munication needs of toddlers, younger children, older 
children, and adolescents.

Future research may reasonably incorporate both 
nerve injury–specific and generic PROMs in their assess-
ment of patient outcomes. The primary purpose of using 
generic PROMs would be to facilitate comparisons and 
data pooling with existing peripheral nerve injury lit-
erature, in which use of nerve injury–specific PROMs is 
uncommon. Importantly, care should be taken not to 
overburden participants with numerous questionnaires, 
which may negatively impact participant recruitment and 
retention. Finally, researchers may consider additional use 
of objective measures of nerve function, such as electro-
myography and nerve conduction studies to further assess 
impacts of various treatment paradigms.
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Limitations
Limitations of this study include amputations second-

ary to nontraumatic causes, such as cancer or diabetes, 
and restricting language of publication to English. Articles 
for review were solely retrieved from the database search, 
and no additional manual searches of the grey literature 
were performed. Finally, although a systematic process was 
undertaken to identify PROMs in the published peripheral 
nerve injury literature, it should be noted that this article 
is not a systematic analysis of the psychometric proper-
ties of each available PROM; rather, is meant to stimulate 
discussion around the limitations of presently available 
PROMs for use in peripheral nerve injury research.

CONCLUSIONS
In conclusion, this report identifies 141 unique PROMs 

used in adult patients with peripheral nerve injuries, none 
of which are entirely comprehensive, or specific to this 
patient population. This finding substantiates the need 
for the development of a PROM for patients with periph-
eral nerve injuries to enable physicians, researchers, and 
stakeholders to drive advances in patient care.

Jana Dengler, MD, MASc, MHSc, FRCS(C)
Division of Plastic, Reconstructive and Aesthetic Surgery

Department of Surgery, University of Toronto
Sunnybrook Health Sciences Centre

M1-500, 2075 Bayview Avenue, Toronto
ON M4N3M5, Canada

E-mail: jana.dengler@mail.utoronto.ca
Instagram: @nerve_surgeon

DISCLOSURE
The authors have no financial interest to declare in relation to 

the content of this article.

REFERENCES
	 1.	 Noble J, Munro CA, Prasad VS, et al. Analysis of upper and lower 

extremity peripheral nerve injuries in a population of patients 
with multiple injuries. J Trauma. 1998;45:116–122. 

	 2.	 Nelson EC, Eftimovska E, Lind C, et al. Patient reported out-
come measures in practice. BMJ. 2015;350:g7818. 

	 3.	 Terner M, Louie K, Chow C, et al. Advancing PROMs for 
health system use in Canada and beyond. J Patient Rep Outcomes. 
2021;5:94. 

	 4.	 Santosa KB, Oliver JD, Cederna PS, et al. Regenerative periph-
eral nerve interfaces for prevention and management of neuro-
mas. Clin Plast Surg. 2020;47:311–321. 

	 5.	 McKenna SP. Measuring patient-reported outcomes: moving 
beyond misplaced common sense to hard science. BMC Med. 
2011;9:86. 

	 6.	 Franzblau LE, Shauver MJ, Chung KC. Patient satisfaction and 
self-reported outcomes after complete brachial plexus avulsion 
injury. J Hand Surg Am. 2014;39:948–955. 

	 7.	 Balderman J, Abuirqeba AA, Eichaker L, et al. Physical ther-
apy management, surgical treatment, and patient-reported 
outcomes measures in a prospective observational cohort of 
patients with neurogenic thoracic outlet syndrome. J Vasc Surg. 
2019;70:832–841. 

	 8.	 Al Sayah F, Jin X, Johnson JA. Selection of patient-reported out-
come measures (PROMs) for use in health systems. J Patient Rep 
Outcomes. 2021;5:99. 

	 9.	 Becker SJ, Makanji HS, Ring D. Expected and actual improve-
ment of symptoms with carpal tunnel release. J Hand Surg Am. 
2012;37:1324–1329. 

	10.	 Guse DM, Moran SL. Outcomes of the surgical treatment of 
peripheral neuromas of the hand and forearm: a 25-year com-
parative outcome study. Ann Plast Surg. 2013;71:654–658. 

	11.	 Novak CB, Anastakis DJ, Beaton DE, et al. Relationships among 
pain disability, pain intensity, illness intrusiveness, and upper 
extremity disability in patients with traumatic peripheral nerve 
injury. J Hand Surg Am. 2010;35:1633–1639. 

	12.	 Ring D. Symptoms and disability after major peripheral nerve 
injury. Hand Clin. 2013;29:421–425. 

	13.	 Wojtkiewicz DM, Saunders J, Domeshek L, et al. Social impact of 
peripheral nerve injuries. Hand (N Y). 2015;10:161–167. 

	14.	 Millesi H. Factors affecting the outcome of peripheral nerve sur-
gery. Microsurgery. 2006;26:295–302. 

	15.	 Isaacs J. Treatment of acute peripheral nerve injuries: current 
concepts. J Hand Surg Am. 2010;35:491–497; quiz 498. 

	16.	 Noaman HH. Management and functional outcomes of com-
bined injuries of flexor tendons, nerves, and vessels at the wrist. 
Microsurgery. 2007;27:536–543. 

	17.	 Ruijs AC, Jaquet JB, Kalmijn S, et al. Median and ulnar nerve 
injuries: a meta-analysis of predictors of motor and sensory 
recovery after modern microsurgical nerve repair. Plast Reconstr 
Surg. 2005;116:484–494; discussion 495-6. 

	18.	 Ertem K, Denizhan Y, Yoloğlu S, et al. The effect of injury level, 
associated injuries, the type of nerve repair, and age on the 
prognosis of patients with median and ulnar nerve injuries. Acta 
Orthop Traumatol Turc. 2005;39:322–327.

	19.	 Kalomiri DE, Soucacos PN, Beris AE. Nerve grafting in periph-
eral nerve microsurgery of the upper extremity. Microsurgery. 
1994;15:506–511. 

	20.	 Siemionow M, Brzezicki G. Chapter 8: current techniques 
and concepts in peripheral nerve repair. Int Rev Neurobiol. 
2009;87:141–172. 

	21.	 Johnson EO, Zoubos AB, Soucacos PN. Regeneration and repair 
of peripheral nerves. Injury. 2005;36:S24–S29. 

	22.	 Papakostas I, Mourouzis I, Mourouzis K, et al. Functional effects 
of local thyroid hormone administration after sciatic nerve 
injury in rats. Microsurgery. 2009;29:35–41. 

	23.	 Galanakos SP, Zoubos AB, Johnson EO, et al. Outcome models 
in peripheral nerve repair: time for a reappraisal or for a novel? 
Microsurgery. 2012;32:326–333. 

	24.	 Jaquet JB, Kalmijn S, Kuypers PD, et al. Early psychological 
stress after forearm nerve injuries: a predictor for long-term 
functional outcome and return to productivity. Ann Plast Surg. 
2002;49:82–90. 

	25.	 Miclescu A, Straatmann A, Gkatziani P, et al. Chronic neuro-
pathic pain after traumatic peripheral nerve injuries in the 
upper extremity: prevalence, demographic and surgical deter-
minants, impact on health and on pain medication. Scand J Pain. 
2019;20:95–108. 

	26.	 Novak CB, Anastakis DJ, Beaton DE, et al. Biomedical and psy-
chosocial factors associated with disability after peripheral nerve 
injury. J Bone Joint Surg Am. 2011;93:929–936. 

	27.	 Taylor KS, Anastakis DJ, Davis KD. Chronic pain and sen-
sorimotor deficits following peripheral nerve injury. Pain. 
2010;151:582–591. 

	28.	 Boogaard S, De Vet HC, Faber CG, et al. An overview of pre-
dictors for persistent neuropathic pain. Expert Rev Neurother. 
2013;13:505–513. 

	29.	 Cocito D, Paolasso I, Pazzaglia C, et al. Pain affects the quality of 
life of neuropathic patients. Neurol Sci. 2006;27:155–160. 

	30.	 Novak CB, Anastakis DJ, Beaton DE, et al. Patient-reported 
outcome after peripheral nerve injury. J Hand Surg Am. 
2009;34:281–287. 

mailto:jana.dengler@mail.utoronto.ca
https://doi.org/10.1097/00005373-199807000-00025
https://doi.org/10.1097/00005373-199807000-00025
https://doi.org/10.1097/00005373-199807000-00025
https://doi.org/10.1136/bmj.g7818
https://doi.org/10.1136/bmj.g7818
https://doi.org/10.1186/s41687-021-00370-6
https://doi.org/10.1186/s41687-021-00370-6
https://doi.org/10.1186/s41687-021-00370-6
https://doi.org/10.1016/j.cps.2020.01.004
https://doi.org/10.1016/j.cps.2020.01.004
https://doi.org/10.1016/j.cps.2020.01.004
https://doi.org/10.1186/1741-7015-9-86
https://doi.org/10.1186/1741-7015-9-86
https://doi.org/10.1186/1741-7015-9-86
https://doi.org/10.1016/j.jhsa.2014.01.022
https://doi.org/10.1016/j.jhsa.2014.01.022
https://doi.org/10.1016/j.jhsa.2014.01.022
https://doi.org/10.1016/j.jvs.2018.12.027
https://doi.org/10.1016/j.jvs.2018.12.027
https://doi.org/10.1016/j.jvs.2018.12.027
https://doi.org/10.1016/j.jvs.2018.12.027
https://doi.org/10.1016/j.jvs.2018.12.027
https://doi.org/10.1186/s41687-021-00374-2
https://doi.org/10.1186/s41687-021-00374-2
https://doi.org/10.1186/s41687-021-00374-2
https://doi.org/10.1016/j.jhsa.2012.03.039
https://doi.org/10.1016/j.jhsa.2012.03.039
https://doi.org/10.1016/j.jhsa.2012.03.039
https://doi.org/10.1097/SAP.0b013e3182583cf9
https://doi.org/10.1097/SAP.0b013e3182583cf9
https://doi.org/10.1097/SAP.0b013e3182583cf9
https://doi.org/10.1016/j.jhsa.2010.07.018
https://doi.org/10.1016/j.jhsa.2010.07.018
https://doi.org/10.1016/j.jhsa.2010.07.018
https://doi.org/10.1016/j.jhsa.2010.07.018
https://doi.org/10.1016/j.hcl.2013.04.008
https://doi.org/10.1016/j.hcl.2013.04.008
https://doi.org/10.1007/s11552-014-9692-0
https://doi.org/10.1007/s11552-014-9692-0
https://doi.org/10.1002/micr.20242
https://doi.org/10.1002/micr.20242
https://doi.org/10.1016/j.jhsa.2009.12.009
https://doi.org/10.1016/j.jhsa.2009.12.009
https://doi.org/10.1002/micr.20400
https://doi.org/10.1002/micr.20400
https://doi.org/10.1002/micr.20400
https://doi.org/10.1097/01.prs.0000172896.86594.07
https://doi.org/10.1097/01.prs.0000172896.86594.07
https://doi.org/10.1097/01.prs.0000172896.86594.07
https://doi.org/10.1097/01.prs.0000172896.86594.07
https://doi.org/pubmed.ncbi.nlm.nih.gov/16269879
https://doi.org/pubmed.ncbi.nlm.nih.gov/16269879
https://doi.org/pubmed.ncbi.nlm.nih.gov/16269879
https://doi.org/pubmed.ncbi.nlm.nih.gov/16269879
https://doi.org/10.1002/micr.1920150714
https://doi.org/10.1002/micr.1920150714
https://doi.org/10.1002/micr.1920150714
https://doi.org/10.1016/S0074-7742(09)87008-6
https://doi.org/10.1016/S0074-7742(09)87008-6
https://doi.org/10.1016/S0074-7742(09)87008-6
https://doi.org/10.1016/j.injury.2005.10.012
https://doi.org/10.1016/j.injury.2005.10.012
https://doi.org/10.1002/micr.20546
https://doi.org/10.1002/micr.20546
https://doi.org/10.1002/micr.20546
https://doi.org/10.1002/micr.20972
https://doi.org/10.1002/micr.20972
https://doi.org/10.1002/micr.20972
https://doi.org/10.1097/00000637-200207000-00013
https://doi.org/10.1097/00000637-200207000-00013
https://doi.org/10.1097/00000637-200207000-00013
https://doi.org/10.1097/00000637-200207000-00013
https://doi.org/10.1515/sjpain-2019-0111
https://doi.org/10.1515/sjpain-2019-0111
https://doi.org/10.1515/sjpain-2019-0111
https://doi.org/10.1515/sjpain-2019-0111
https://doi.org/10.1515/sjpain-2019-0111
https://doi.org/10.2106/JBJS.J.00110
https://doi.org/10.2106/JBJS.J.00110
https://doi.org/10.2106/JBJS.J.00110
https://doi.org/10.1016/j.pain.2010.06.032
https://doi.org/10.1016/j.pain.2010.06.032
https://doi.org/10.1016/j.pain.2010.06.032
https://doi.org/10.1586/ern.13.44
https://doi.org/10.1586/ern.13.44
https://doi.org/10.1586/ern.13.44
https://doi.org/10.1007/s10072-006-0660-5
https://doi.org/10.1007/s10072-006-0660-5
https://doi.org/10.1016/j.jhsa.2008.11.017
https://doi.org/10.1016/j.jhsa.2008.11.017
https://doi.org/10.1016/j.jhsa.2008.11.017


PRS Global Open • 2024

8

	31.	 Ciaramitaro P, Mondelli M, Logullo F, et al; Italian Network for 
Traumatic Neuropathies. Traumatic peripheral nerve injuries: 
epidemiological findings, neuropathic pain and quality of life in 
158 patients. J Peripher Nerv Syst. 2010;15:120–127. 

	32.	 Devins GM. Illness intrusiveness and the psychosocial impact of 
lifestyle disruptions in chronic life-threatening disease. Adv Ren 
Replace Ther. 1994;1:251–263. 

	33.	 Devins GM, Bezjak A, Mah K, et al. Context moderates illness-
induced lifestyle disruptions across life domains: a test of the ill-
ness intrusiveness theoretical framework in six common cancers. 
Psychooncology. 2006;15:221–233. 

	34.	 Lozano Calderón SA, Paiva A, Ring D. Patient satisfaction after 
open carpal tunnel release correlates with depression. J Hand 
Surg Am. 2008;33:303–307. 

	35.	 Pincus T, Burton AK, Vogel S, et al. A systematic review of psy-
chological factors as predictors of chronicity/disability in 
prospective cohorts of low back pain. Spine (Phila Pa 1976). 
2002;27:E109–E120. 

	36.	 Ring D, Kadzielski J, Fabian L, et al. Self-reported upper extrem-
ity health status correlates with depression. J Bone Joint Surg Am. 
2006;88:1983–1988. 

	37.	 Vranceanu AM, Barsky A, Ring D. Psychosocial aspects of disabling 
musculoskeletal pain. J Bone Joint Surg Am. 2009;91:2014–2018. 

	38.	 Bear-Lehman J, Poole SE. The presence and impact of stress 
reactions on disability among patients with arm injury. J Hand 
Ther. 2011;24:89–93; quiz 94. 

	39.	 Wang Y, Sunitha M, Chung KC. How to measure outcomes of 
peripheral nerve surgery. Hand Clin. 2013;29:349–361. 

	40.	 Murphy RNA, Elsayed H, Singh S, et al. A quantitative system-
atic review of clinical outcome measure use in peripheral nerve 
injury of the upper limb. Neurosurgery. 2021;89:22–30. 

	41.	 Dias JJ, Rajan RA, Thompson JR. Which questionnaire is best? The 
reliability, validity and ease of use of the patient evaluation measure, 
the disabilities of the arm, shoulder and hand and the Michigan 
Hand Outcome Measure. J Hand Surg Eur Vol. 2008;33:9–17. 

	42.	 Center for Drug Evaluation and Research (CDER), Center for 
Biologics Evaluation and Research (CBER), Center for Devices 
and Radiological Health (CDRH). Patient-reported outcome 
measures: use in medical product development to support label-
ing claims. 2009. https://www.fda.gov/media/77832/download. 
Accessed February 2, 2023.

	43.	 Muilwijk D, van Paridon TJ, van der Heijden DC, et al. 
Development and validation of a novel personalized electronic 
patient-reported outcome measure to assess quality of life 
(Q-LIFE): a prospective observational study in people with cystic 
fibrosis. EClinicalMedicine. 2023;62:102116. 

https://doi.org/10.1111/j.1529-8027.2010.00260.x
https://doi.org/10.1111/j.1529-8027.2010.00260.x
https://doi.org/10.1111/j.1529-8027.2010.00260.x
https://doi.org/10.1111/j.1529-8027.2010.00260.x
https://doi.org/10.1016/s1073-4449(12)80007-0
https://doi.org/10.1016/s1073-4449(12)80007-0
https://doi.org/10.1016/s1073-4449(12)80007-0
https://doi.org/10.1002/pon.940
https://doi.org/10.1002/pon.940
https://doi.org/10.1002/pon.940
https://doi.org/10.1002/pon.940
https://doi.org/10.1016/j.jhsa.2007.11.025
https://doi.org/10.1016/j.jhsa.2007.11.025
https://doi.org/10.1016/j.jhsa.2007.11.025
https://doi.org/10.1097/00007632-200203010-00017
https://doi.org/10.1097/00007632-200203010-00017
https://doi.org/10.1097/00007632-200203010-00017
https://doi.org/10.1097/00007632-200203010-00017
https://doi.org/10.2106/JBJS.E.00932
https://doi.org/10.2106/JBJS.E.00932
https://doi.org/10.2106/JBJS.E.00932
https://doi.org/10.2106/JBJS.H.01512
https://doi.org/10.2106/JBJS.H.01512
https://doi.org/10.1016/j.jht.2010.09.069
https://doi.org/10.1016/j.jht.2010.09.069
https://doi.org/10.1016/j.jht.2010.09.069
https://doi.org/10.1016/j.hcl.2013.04.004
https://doi.org/10.1016/j.hcl.2013.04.004
https://doi.org/10.1093/neuros/nyab060
https://doi.org/10.1093/neuros/nyab060
https://doi.org/10.1093/neuros/nyab060
https://doi.org/10.1177/1753193407087121
https://doi.org/10.1177/1753193407087121
https://doi.org/10.1177/1753193407087121
https://doi.org/10.1177/1753193407087121
https://www.fda.gov/media/77832/download
https://doi.org/10.1016/j.eclinm.2023.102116
https://doi.org/10.1016/j.eclinm.2023.102116
https://doi.org/10.1016/j.eclinm.2023.102116
https://doi.org/10.1016/j.eclinm.2023.102116
https://doi.org/10.1016/j.eclinm.2023.102116

