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Abstract: Peripheral nerve injuries are a common clinical problem. They not only affect the physical
capabilities of the injured person due to loss of motor or sensory function but also have a significant
impact on psychosocial aspects of life. The aim of this work is to review the interplay of psychosocial
factors and peripheral nerve lesions. By reviewing the published literature, we identified several
factors to be heavily influenced by peripheral nerve lesions. In addition to psychological factors
like pain, depression, catastrophizing and stress, social factors like employment status and worker’s
compensation status could be identified to be influenced by peripheral nerve lesions as well as
serving as predictors of functional outcome themselves, respectively. This work sheds a light not only
on the impact of peripheral nerve lesions on psychosocial aspects of life, but also on the prognostic
values of these factors of functional outcome. Interdisciplinary, individualized treatment of patients
is required to identify patient at risk for adverse outcomes and provide them with emotional support
when adapting to their new life situation.

Keywords: peripheral nerve injury; psychosocial factor; nerve repair; neuroma; brachial plexus
injury; compression neuropathy; pain; depression; disability; quality of life

1. Introduction

Peripheral nerve injuries (PNIs) have annual incidence rates in the USA of 43.8,/1,000,000
for PNIs of the upper extremities [1] and 13.3/1,000,000 of the lower extremities, respec-
tively [2]. PNIs often have disastrous sequalae on the affected patients’ qualities of life,
especially in case of major nerve injuries and often required long and elaborate rehabilita-
tion [3]. Therefore, surgical treatment options to restore sensibility and muscular function
as well as to relieve pain are subject of a plethora of clinical and preclinical research ef-
forts [4-8]. In addition to research efforts to deepen under understanding of the peripheral
nervous systems anatomy, as well as the neurobiological and pathophysiological aspects of
PNIs [9], novel treatment options and concepts are rapidly evolving in the wake of refined
microsurgical techniques [10]. In addition to advances in neurobiological, anatomical
and (micro)surgical aspects, the current body of knowledge regarding epidemiology of
PNIs is also steadily evolving. About 25 years ago, Noble was one of the first to publish
epidemiological data concerning PNI in patients with multiple injuries seen at a regional
Level 1 trauma center [11] and in recent years, large multicenter studies have contributed
to our knowledge and understanding of the epidemiology of lower and upper extrem-
ity PNIs [12,13]. Representative patients’ characteristics and socioeconomic sequelae of
PNIs have recently been described by Bergmeister and colleagues, approaching another
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important perspective of research regarding surgical treatment of peripheral nerve lesions.
According to their observations in a study sample of 250 patients with 268 PNIs, acute
in-patient treatment costs for upper extremity nerve damages ranged between 2650€ and
5000€ [14]. Although the overall incidence of PNI has decreased in recent year, treatment
costs are steadily increasing [1,2].

The severity of PNIs and postoperative functional outcomes are usually assessed
by quantitative biomedical measures and postoperative evaluations of strength, sensory
function, and range of motion [15,16]. However, research shining a light on the psychosocial
aspects of such injuries is yet sparse [17,18]. Psychosocial factors have been defined as
“characteristics or facets that influence an individual psychologically and/or socially”
by Thomas [19]. Their role has been extensively studied and reviewed in diseases and
conditions such as extremity trauma [20,21] or isolated hand injuries [22-24]. It was also
shown that negative emotions prior to surgery are associated with adverse pain outcomes
and postoperative disability [25-29]. Besides psychological aspects, the social impact
of upper extremity injuries, e.g., predictors of return to work in patients suffering from
work-related injuries has been addressed before in regard to other trauma, e.g., hand
lesions [30,31]. It has also been demonstrated that the ability to return to work after
traumatic injury does not only depend on physical capability and health but also by other
aspects including psychosocial factors like psychological distress, personal income, the
educational level of the injured person or the presence of a strong social network [32-34].
There is yet no comprehensive review summarizing the interplay of psychosocial factors
with peripheral nerve injury and functional outcome following surgical treatment of such
lesions. Therefore, it is the aim of this work to compile the current body of knowledge to
provide surgeons, hand therapists, occupational therapists and other disciplines involved
in the treatment of peripheral nerve injuries with another perspective on psychosocial
aspects of peripheral nerve injuries to enable an even more holistic treatment approach.

2. Methods
To gather eligible studies, a literature search on PubMed was performed using the

search terms “peripheral nerve”; “peripheral nerve injuries”; “psychosocial “and “psy-
chological”. This yielded 95 results. After removal of duplicates, 90 papers remained
for eligibility screening. Both original work and review papers were deemed fitting for
discussion in this work. After removal of studies and reviews which addressed topics not
related to our research questions and further reference screening of eligible work, 30 papers

remained to be included in this review.

3. The Psychosocial Impact of Peripheral Nerve Lesions

Uvarov was among the first to publish his hypothesis that negative emotions are
involved in the pathogenesis of peripheral nervous system disorders in Russian in the year
1971 [35]. However, the topic remained of little interest for the scientific community in
the following years and decades. More than thirty years after Uvarov published his work,
Jaquet et al. conducted a retrospective chart review of 107 patients with either median
nerve injury, ulnar nerve injury, or combined injuries of both nerves. 94% of these patients
experienced early psychological stress following nerve trauma. More than a third of the
affected patients reported psychological symptoms of clinical depression. The authors
found that combined nerve injuries had a significantly higher risk for early psychological
stress following trauma when compared to isolated injuries of either the median or ulnar
nerve. Severe psychological distress as assessed by means of the Impact of Event Scale (IES)
was associated with more severe functional deficits, mean time off work and motor recovery.
Additionally, patients with higher psychological stress had an Odds ratio of 3.32 for long-
term incapacity for work. A higher education level was identified as a protective factor
in regard to psychological distress following nerve injury [36]. Ultee’s group reproduced
these findings in a prospective study which evaluated early posttraumatic psychological
stress in 61 patients with either isolated or combined injuries of the median and ulnar nerve.
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The aforementioned authors found that >90% of patients experienced psychological stress
one month postoperatively and about a fourth required psychological treatment based on
their IES scores. Three months postoperatively, psychological stress was still reported by
more than 83% of the patients, and around 13% qualified for psychological treatment. The
authors identified a correlation of female gender, adult age, and combined nerve injuries
with the occurrence of psychological stress symptoms 1 month postoperatively [37]. In
regard to the impact of single or combined nerve injuries on the affected patients” work
lives, Bruyns and colleagues analyzed potential predictors for return to work in 81 patients
with median and/or ulnar nerve injuries in a retrospective study. Within a year after injury
59% of the patients returned to work after a mean time of work of 31 weeks. While 8 out
of 10 patients with median nerve lesions were able to resume their work, this applied to
less than 6 out of 10 and less than 3 out of 10 patients in the groups with ulnar nerve and
combined nerve lesions, respectively. The ability to return to work (RTW) was significantly
associated with the educational status of the participants and high rates of RTW were
found in patients with white-collar employment, in comparison to those with blue-collar
employment. Compliance to hand therapy was also found to result in odds ratio of 3.5
for RTW following nerve injury and repair [34]. Novak’s group studied 158 patients who
suffered from peripheral nerve injuries in the upper extremity and evaluated potential
biomedical and psychosocial factors which correlated with disability. They found that
patients who received worker’s compensation, were involved in litigation or who were
unemployed had significantly more severe disabilities of the affected extremity than their
counterparts. These disabilities which were assessed by the Disabilities of Arm, Shoulder
and Hand Questionnaire (DASH) score showed a significant correlation with the level
of pain in these patients. In regard to potential predictors for post-injury disabilities,
pain intensity, cold sensitivity, pain catastrophizing score, depression, employment status,
worker’s compensation and potential ongoing litigation were identified [18]. To summarize
all aforementioned authors’ findings, patients with combined median and ulnar nerve
injuries are at higher risk for psychological stress and also not return to work as compared
to patients with single site nerve lesions. Additionally, patients who report high levels
of injury-related neuropathic pain, suffer from depression, are unemployed or have an
ongoing lawsuit are also at higher risk for post-injury disability.

Besides the number of injured nerves, another point to consider in regard to the
psychosocial impact is the severity of the respective lesion. In 2009, Bailey et al. aimed to
evaluate the relationship between the degree of nerve damage in the upper extremity and
psychosocial parameters such as activity participation, perceived quality of life (QoL), pain,
and depression. Two individual groups were analyzed, one with compression neuropathies
(n = 25), the other suffering from traumatic PNI of the upper extremity (n = 24). The authors
observed that their study cohort of 49 individuals have given up about a fifth of their daily
activities prior to their initial surgeon consultation and a significantly greater activity loss
was observable in the group with traumatic PNI. Especially high-demand leisure activity
such as physical exercise was reduced by almost 50% in the nerve injury group while
social activities were reduced to 82%. In the group with compression neuropathies, leisure
activities decreased by 30% and social activities were reduced to 87%, respectively. Pain
intensity was reported as moderate among the studied patient sample with no significant
differences between groups. The overall ratings for physical and psychological qualities
of life were under average and almost 40% of the studied patients suffered from signs of
depression secondary to the nerve damage. Interestingly, the cut-off for clinical depression
was transgressed in the group with traumatic nerve injury only, but this difference was
not statistically significant. Correlation analysis revealed a strong association between
activity loss on the one hand and higher levels of depression as well lower perceived
QoL on the other hand. Higher level of depression did also strongly correlate with lower
perceived QoL. More severe pain was moderately associated with higher depression scores
but only a weak correlation was found between the former and QoL. Interestingly, no
correlation was observable between pain severity and physical QoL following peripheral
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nerve damage. In summary, more than 60% of the observed variance could be predicted
by means of the two factors depression and activity participation, indicating that these
two factors could be addressed as potential targets to improve the QoL in patients with
upper extremity nerve damage, regardless of its genesis. However, it must be noted that
the authors did not assess the manifestation of depression or other psychosocial factors
prior to nerve damage, a potential confounder for the observed results [38]. Aiming to
further differentiate the psychosocial impact of different types of nerve injuries, e.g., sin-
gle site compression neuropathies from more complex pathologies like brachial plexus
injuries and neuromas, Mackinnon’s group performed a retrospective chart review of
490 patients presenting to their department between 2010 and 2012. The divided their
patient sample into seven groups in accordance with their respective diagnosis: 1. Brachial
plexus injuries; 2. Thoracic outlet syndrome (TOS); 3. single compression neuropathy;
4. dual compression neuropathy; 5. ulnar nerve lesions other than cubital tunnel syndrome;
6. compression mononeuropathy in the lower extremity and 7. neuroma. To distinguish
between motor deficits due to compression of the common peroneal nerve and sensory
disturbances caused by compressions of the cutaneus branches or the superficial or deep
peroneal nerve, the sixth group was further subdivided. The authors reported a statistically
significant difference regarding the pain-related decrease of QoL which was more severe in
patients suffering from TOS, neuroma, or compression neuropathies of the superficial and
deep branch of the peroneal nerve when compared to patients suffering from compression
mononeuropathy in the upper extremity. Patients in the neuroma subgroup also reported
significantly more stress at home as well as at work when compared to the patients with
single compression mononeuropathies. Patients with dual compression neuropathies had
reported higher stress levels and a decreased ability to cope with stress at work. Other
factors which were identified as negative predictors for a significant decrease in QoL were
female sex, smoking and anti-alcoholism. Female sex and anti-alcoholism were also associ-
ated with higher pain intensities. In regard to the reported stress-at-home, significantly
higher levels were reported by female patients. Non-alcoholics had an increased risk for
reduced coping abilities and higher stress-at-work levels [17]. Stonner, Mackinnon and
Kaskutas conducted a retrospective cross-sectional study, including 627 patients with nerve
disorders of the upper extremity. In the style of the aforementioned study conducted by
Wojtkiewicz [17] patients were grouped based on the nerve disorder they were diagnosed
with. The seven groups were categorized as follows: 1. lesions of the median nerve;
2. lesions of the ulnar nerve; 3. lesions of the radial nerve; 4. proximal lesions of either
the axillary, long thoracic, suprascapular, or musculocutaneous nerve; 5. compression
neuropathies of at least two different nerves; 6. TOS; 7. brachial plexus injuries. The
authors found little difference in regard to post-injury work status when comparing the
seven different groups with the exception of patients suffering from brachial plexus injuries.
In this group only a fourth of the patients continued to work in their respective jobs on
a daily basis and almost half of all patients did not work at all. More than ten percent of
the entire study population of 627 received worker’s compensation and more than half
of these patients did not return to work. These participants reported significantly higher
levels of depression and higher stress at home when compared to patients which did not
receive worker’s compensation and were not working. The latter group’s proportion was
also markedly smaller, comprising only 14% of the patients which did not receive worker’s
compensation. In regard to the overall disability following peripheral nerve lesions as
assessed by the DASH score, the studied patients reported a significantly higher degree of
disability in comparison to the general population. A quarter of all patients were unable
to work as they wanted to. Both general disability as well as work-related disability were
more severe in patient who were unemployed, received worker’s compensation or reported
depression ratings which were significantly higher than the general population’s mean.
While patients with brachial plexus lesions scored highest in the DASH, median nerve
lesions were associated with lowest disability ratings. Both the mean mental and physical
QoL were significantly lower in the participants when compared to the general population
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and lowest scores were observed in the patients with brachial plexus injuries. Poorer QoL
ratings were associated with female sex, unemployment, worker’s compensation status
and above-mean depression ratings. Final stepwise linear regression analysis yielded
ten variables which accounted for more than 60% of the observed variability in reported
disability ratings. Among them were 7 psychosocial factors: 1. depression; 2. the level
of pain; 3. momentary unemployment; 4. difficulties in sleeping; 5. affection of intimate
relationships; 6. modified job demands and 7. stress at work. 46% of variance regarding
work disability could be predicted by five variables: 1. affection of intimate relationships;
2. performance of household chores by others; 3. performance of a reduced amount of
household chores; 4. difficulties with sleeping and 5. performance of the same level of
household chores but with pain. Around 50% of physical QoL scores were predictable
by: 1. DASH score; 2. the level of pain; 3. number of medications and 4. Work DASH
scores. Slightly less than 50% of variability in mental QoL scores could be explained by:
1. the ability to cope with stress at home; 2. DASH score; 3. stress at home and 4. sleeping
difficulties [39]. In accordance with the aforementioned authors’ findings, Yannascoli et al.
found significantly increased rates of coded depression and coded anxiety in their study
sample of >1800 patients suffering from brachial plexus injury as compared to >18,000
healthy subjects. While 46% of the control patients had coded depression and/or anxiety,
this rate was 54% in the group of patients suffering from brachial plexus injuries. Addition-
ally, there were significantly increased incidences of new-onset postoperative depression
(20%) and anxiety (12%) in the latter group when compared to the healthy controls [40].
Landers et al. reported that about one fifth of their study population of 21 patients with
brachial plexus injuries met criteria for posttraumatic stress disorder (PTSD) and exhibited
clinical depression, respectively. Most concerningly, about a third of the studied patients
reported suicidal ideation [41]. In regard to the impact of injury severity in case of isolated
hand injuries, Tezel’s group found no correlation between psychological morbidities and
injury severity and hand function, respectively in patients suffering from traumatic hand
injury with major nerve involvement. The hand injury severity as assessed by the modified
Hand Injury Severity Score (MHISS) correlated significantly with the patients’” ability to
return to work following hand trauma [42]. In conclusion, the reviewed studies indicate,
that traumatic nerve injuries are more likely to have a strong psychosocial impact as com-
pared to compression mononeuropathies. Notably, severe nerve lesions, especially brachial
plexus injuries, have devastating consequences for the affected patients both in regard to
employment status and work life as well as mental health [43].

In addition to upper extremity nerve lesions, the impact of PNI has also been studied
in patients with lower extremity nerve damage, e.g., peroneal mononeuropathy. Aprile
assessed QoL by means of the SF-36 in 69 patients with peroneal mononeuropathy and
found significantly lower scores for the aspects of vitality, social function and is emotional
role in their study sample as compared to healthy subjects. However, when stratification
was performed to exclude patients with peroneal mononeuropathy which reported pre-
disposing factors which were likely to affects QoL, no significant differences between the
healthy sample and the sample with peroneal mononeuropathy were found [44].

4. Psychosocial Factors as Predictors of Functional Outcome Following Treatment of
Peripheral Nerve Lesions

4.1. Surgical Repair of Traumatic Nerve Injuries

Hundepool et al. conducted a prospective multicenter study in 61 patients, aiming to
identify prognostic factors for functional recovery in the first postoperative year following
injuries of the median nerve (n = 28), ulnar nerve (n = 27) or combined lesions (n = 6) at
forearm level. The majority of patients (85%) were blue-collar workers and the median
educational score equaled a high-school degree. One year after injury, 84.6% of patients had
returned to work. Besides the identification of the DASH score, power grip and sensibility
of the hand as best prognostic factors, the aforementioned authors found gender, level of
education as well as posttraumatic levels of stress at one- and three months post-injury as
highly predictive in regard to functional recovery [45]. Building on the aforementioned
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authors’ work, Goswami and colleagues evaluated ten patients with isolated or combined
transection lesions of the median and ulnar nerve three weeks and approximately one year
following surgical treatment of their injuries, aiming to identify potential predictors for
the observed functional outcome. The patients completed the Brief Pain Inventory (BPI)
Short Form, NEO Five Factor Inventory (NEO-FFI), and Pain Catastrophizing Scale (PCS)
and the McGill Pain Questionnaire (MPQ) at both postoperative time points. Ten healthy
individuals served as control group and were evaluated by means of the NEO and PCS.
The authors found that pain-catastrophizing was correlated both with the reported pain
intensity as well as the occurrence of neuropathic pain. The level of pain-catastrophizing
at the first postoperative time-point served as predictor for cold pain thresholds twelve
months postoperatively. The level of chronic pain reported at the second assessment time
point was also related to the level of pain-catastrophizing as assessed by the PCS which in
turn showed correlation with cold pain threshold at this time point [46]. Logically related
to Goswami’s research question, Mackinnon’s group investigated the relationship between
psychosocial factors and pain relief following peripheral nerve surgery. 331 patients who
underwent surgery for peripheral nerve injuries or compression neuropathies and returned
for at least two postoperative follow-ups were included. On the one hand, an increased
impact of pain on QoL or reported anger, respectively were significant predictors of next-
visit pain. On the other hand, self-reported hopefulness, sadness, and depression were
not found to be predictive of next-visit pain. Patients who suffered from upper extremity
PNI and refused to comment on a possible history of childhood trauma had a significant
association with both same-visit pain and next-visit pain. The level of pain served a
significant predictor of the reported impact of pain on QoL, sadness, depression, anger,
and hopefulness during the next visit. Lower extremity nerve injury was predictive of
anger during the next visit, whereas upper extremity nerve injury had no predictive value.
Female sex served as a significant predictor for next-visit sadness and anger. Next-visit
sadness and depression could be predicted in case the patient reported a positive history
of childhood trauma, which was the case in 7.9% of study sample. While 89.3% of the
patients denied childhood trauma, 2.8% refused to comment on this question [47]. In
conclusion, the listed studies’ results suggest that surgeons should be aware of the fact
that functional recovery following repair of peripheral nerve lesions can be significantly
influenced by the prevalence of postoperative stress and pain-catastrophizing. In regard to
the psychosocial Sadness and depression, although not predictive of functional outcome in
the limited number of studies investigating this relationship, are more likely in patients
suffering from PNI and have a positive or suspected positive history of childhood trauma.

4.2. Surgical Treatment of Compression Neuropathies

Besides cases of traumatic nerve injuries, patients suffering from compression neu-
ropathies also frequently require surgical treatment. In consequence, predictors of func-
tional outcomes following peripheral nerve decompression have been studies by several
groups. A retrospective study aiming to identify outcomes of care and predictors of dis-
ability and health status in adults with peripheral nerve injuries included >360 patients
with PNI which underwent surgical treatment. Included patients presented with 1. median
nerve compression; 2. ulnar neuropathy; 3. mixed median and ulnar nerve compression;
4. radial nerve palsy; 5. thoracic outlet syndrome or 6. brachial plexus injury. About 80% of
the patients were treated operatively and 70% of these underwent nerve release while the
remaining 20% received conservative treatment. The authors found that while health status
changed minimally, significant improvements in disability, work disability, pain, depres-
sion, and stress were observable following any treatment. At discharge, 57% of employed
patients had resumed their work. No significant differences were observable between pa-
tients who were treated surgically or those who underwent conservative therapy. Disability
was most significantly increased in patients with brachial plexus injuries. More favorable
outcomes were observable in patients who pursued gainful employment and had reported
symptoms less than six months prior to treatment. Post-treatment functional outcomes
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could be predicted by psychosocial factors like work status, household management, pain,
depression, stress, and difficulty sleeping [48]. In addition to Stonner’s comprehensive
analysis of patients with different compression neuropathies, other authors have evaluated
cohorts of patients suffering from one distinctive nerve compression syndrome alone with
the results summarized in the following paragraphs.

4.2.1. Peroneal Nerve Decompression

In 2019, Wilson et al. published the results of a retrospective study aiming to identify
potential predictors of functional outcome following peroneal nerve decompression at the
level of the fibular head. The working status of the included patients was also evaluated
in regard to a possible correlation with functional outcome. However, no statistically
significant correlation could be identified [49].

4.2.2. Ulnar Nerve Decompression

Gaspar’s group aimed to evaluate predictors for revision surgery both following in
situ ulnar nerve decompression [50] as well as medial epicondylectomy [51] in patients
with cubital tunnel syndrome. While revision surgery following in situ decompression
of the ulnar nerve was required in 3.2% of the analyzed 216 cases, patient age < 50 years
was the only significant predictor of revision surgery. Neither gender nor workers ‘com-
pensation status had any predictive significance. In regard to patients who underwent
medial epicondylectomy, 13.3% of the 82 cases required revision surgery. In accordance
with the aforementioned study, younger age was identified as predictive factor. Workers’
compensation claims, lesser disease severity, and preoperative opioid use were identified
as additional significant predictors.

4.2.3. Treatment of Carpal Tunnel Syndrome

In 2017, Jerosch-Herold and colleagues published the results of large multicenter study
aiming to identify prognostics factors for functional outcome and resulting costs for carpal
tunnel syndrome either treated by surgical decompression or corticosteroid injection. They
found a highly significant correlation between the patient-reported carpal tunnel symptom
severity, depression, anxiety and the health-related QoL as assessed by the EQ-5D-3L
(3-level version of EuroQol-5 dimension). The level of anxiety was also correlated with
the objective carpal tunnel syndrome severity as assessed by electrophysiological evalu-
ations, but there was no correlation of electrophysiological findings and depression [52].
Straub’s group evaluated 100 hands of 67 patients, respectively, who underwent endo-
scopic carpal tunnel release, aiming to identify patient- and psychosocial factors associated
with unsatisfactory outcomes. Out of the 8% percent of hands which were classified as
unsatisfactory 75% were covered by the worker’s compensatory system and in 21% of
cases which were involved in litigation an unsatisfactory result was reported. Interestingly,
the author concluded that various comorbid factors which were assessed, e.g., obesity,
smoking or working in a job at risk did neither in isolation nor in combination result in an
increased likelihood for unsatisfactory results. However, psychological factors, e.g., use of
psychotropic medications or active psychiatric treatment, which were found positive in 20%
of the study population, were associated with lower patient satisfaction both in isolation
and combination [53]. In 2008, Lozano Calderon and colleagues conducted a retrospective
survey to evaluate patient satisfaction following open carpal tunnel release and included
82 participants. They found that greater levels of depression were associated with more
severe dissatisfaction following surgery and perceived disability could be predicted by
depression and pain catastrophizing. The authors concluded that depression and perceived
disability after carpal tunnel release can be predicted primarily by psychosocial factors like
depression and insufficient coping skills [54]. Das De et al. found a significant correlation
between DASH scores of patients suffering from carpal tunnel syndrome and psychosocial
factors such as depression, catastrophic thinking, kinesiophobia and a punishing response
by the respective patient’s partner. Conversely, pain anxiety as well as solicitous or dis-
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tracting responses by the respective patient’s partner did not correlate with disabilities of
the upper extremity in patients with carpal tunnel syndrome [55]. To summarize, these
studies indicate that disease severity in patients with carpal tunnel syndrome is often
directly linked to psychosocial aspects of life on the one hand whereas patients suffering
from depression or anxiety are likely to experience adverse functional outcomes following
carpal tunnel release.

4.3. Recovery of Donor Site Morbidity following Nerve Harvest

Ehretsman and colleagues evaluated subjective healing of nerve donor site morbidity
following nerve graft harvest by means of a telephone survey. The authors evaluated
possible correlations between satisfaction with donor site morbidity, both in regard to
functional and cosmetic factors, and patient factors such as age, gender, involvement of
worker’s compensation and/or ongoing litigation. However, no statistically significant
correlation with patient factors was observable [56]. Another study conducted by Miloro’s
group assessed patient satisfaction following sural nerve harvesting in 47 patients. In
accordance with Ehretsman’s results these authors did not observe any correlation between
patient factor like age, gender and legal involvement and satisfaction level in regard to the
donor site [57].

4.4. Treatment of Painful Neuroma

Stokvis et al. conducted a literature review aiming to identify possible prognostics
factors for insufficient pain relief following neuroma treatment in 2009 [58]. They extracted
ongoing worker’s compensation, employment status and active litigation as predictive fac-
tors for unsuccessful treatment attempts. However, the authors stated that these factors are
very difficult to consider separately, given the fact that employment status is likely more im-
portant regarding the outcome of patients undergoing surgery for painful neuroma [59,60].
Stovkis” group also emphasized Dellon’s and Mackinnon’s observation, that the duration
of preoperative pain was significantly longer in patients who reported poor pain relief
following surgery when compared to patients with satisfactory postoperative amelioration
of pain [58,60]. In 2019, Lans and colleagues retrospectively analyzed 33 painful neuromas
in 29 patients who underwent surgical therapy. Comparing the three treatment concepts of
1. neuroma excision with consecutive nerve repair or reconstruction; 2. neuroma excision
with implantation of the proximal stump and 3. neuroma excision alone. In their study
population the mean PROMIS Upper Extremity score was 45.2 &= 11.2, the mean PROMIS
Pain Interference score was 54.3 £ 10.7, and the median numeric rating scale pain score
was 3 (interquartile range, 1 to 5). Higher PROMIS depression scores and the surgical
concept of neuroma excision alone were both independently significantly correlated with
lower PROMIS Upper Extremity scores. Postoperative PROMIS Upper Extremity scores
were lower in patients who underwent neuroma excision with nerve stump implantation,
but this was not statistically significant. Neuroma excision alone and neuroma excision
with nerve stump implantation as well as higher PROMIS Depression scores were all
independently associated with higher, e.g., more severe PROMIS Pain Interference scores.
Higher numeric rating scale pain scores showed a significant correlation with neuroma
excision alone and neuroma excision and implantation whereas neuroma excision with
consecutive nerve repair or reconstruction was associated with lower numeric rating scale
pain scores [61].

5. A Perspective on Experimental Insights

In addition to clinical studies, psychosocial aspects of peripheral nerve injuries have
also been studied in preclinical models, e.g., rodents. Using a spared nerve injury (SNI)
model Norman et al. tested the hypotheses that peripheral nerve injury is causative for
depression by induction of inflammatory processes in the brain and these neuroinflam-
matory changes are further exacerbated in case of stress exposure prior to nerve injury.
The authors found their presumptions to be confirmed as they observed that injury of the
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common peroneal and tibial nerve caused mechanical allodynia and depressive behavior
in mice, as well as an increased expression of interleukin-1b (IL-1b) and glial fibrillary
acidic protein (GFAP). The mechanical allodynia was more severe in mice which were
exposed to increased stress by chronic physical constraint two weeks prior to the experi-
mental surgery. Treatment of these animals with a corticosteroid synthesis inhibitor prior
to physical constraint eliminated the aforementioned effects, proving that psychosocial
factors, e.g., the experience of increased stress directly influences the severity of symptoms
following peripheral nerve injury [62].

Besides individual psychological factors like depression, social factors have also been
identified to play an important role in symptom severity in rats with peripheral nerve
injury. Raber and Devor used a neuroma model of neuropathic pain caused by sciatic nerve
injury to investigate pain phenotype in two distinct rat strains. When rats with high (HA)
and low (LA) pain phenotype and autotomy-behavior, e.g., gnawing of the toes or entire
paws in consequence to nerve injury, were housed together, LA rats showed high levels
of autotomy even when they were familiar with the HA preoperatively. The observed
autotomy in LA rats was also independent of the performance of autotomy by the HA
rats. Interestingly, even the contact with cage bedding soiled by HA rats was sufficient to
induce moderate levels of autotomy in LA rats even in the absence of HA rats [63]. Another
study investigated the effects of ongoing social stress (OSS) on mechanical sensitivity and
cold allodynia in a rat model of chronic constriction injury (CCI) of the sciatic nerve. Rats
which experienced ongoing social stress by twice-weekly exchange of their cage mates did
not display significant changes in mechanical sensitivity. In regard to cold allodynia, rats
with CCI and OSS were less susceptible during the early phase of the observation period
when compared to rats which underwent CCI surgery only. At later time points however,
rats with CCI + OSS were more susceptible to cold stimuli compared to the CCl rats. In
addition, in the former group enhanced glial cell activation, pro-inflammatory cytokine
expression and higher neurotrophic factor mRNA levels were observable [64].

6. Discussion

In this work we reviewed the current body of knowledge in regard to the interplay
of psychosocial factors and peripheral nerve lesions as well as these factors” predictive
value of functional outcome following peripheral nerve injury. Our work emphasizes that
psychological factors like depression, pain-catastrophizing and anxiety are both influenced
by peripheral nerve lesions and also significant predictors of functional recovery and QoL
after peripheral nerve surgery in patients suffering from PNI. The same applies to social
factors, e.g., employment status or worker’s compensation. These findings underpin the
need for personalized treatment concepts involving not only surgeons but also psycholo-
gists, occupational therapists, and others. As was pointed out by Kaltenbrunner and other
authors [65,66] there are large differences between countries in regard to the regulatory
framework of disability cases and rehabilitation measures to facilitate the affected individ-
uals return to work. Notably, this not only applies to the transatlantic comparison, but also
within the smaller perimeter of the European Union, indicating the need to consider the
country-dependent differences when developing treatment and rehabilitation concepts for
patients with PNIs.

Patients with depression, pain catastrophizing and anxiety are usually at risk to
experience poor outcomes following PNI, reporting higher levels of pain and disability
as well as lower satisfaction [54]. Vice versa, the rate of symptoms of clinical depression
among patients suffering from PNI is alarmingly high, reaching almost 40%, which is more
than twice the numbers reported in the general population, ranging between 10% and 20%,
depending on the studied population [38,67,68]. In case of brachial plexus injuries, even
more than 50% of patients could be suffering from depression, underpinning the need for
adequate treatment strategies beyond surgical intervention in this group of patients [69,70].
In conclusion, screening for depression and referral of patients for psychological and/or
psychiatric counseling or treatment is advised for surgeons and any other profession
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involved in the treatment of patients with PNIs, especially in case of a planned operative
intervention [38]. However, it might be demanding to identify such patients since they
might show a tendency to conceal their depression, afraid of the social stigma which
might come with diagnosed mental illness [17,71]. Circling back to the aforementioned
cross-country differences regarding post-injury rehabilitation and return to work, the same
applies to mental health care systems. Again, significant differences are not only observable
when comparing mental health care systems worldwide [72] but also within the European
Union [73]. These observations emphasize that the interplay of psychosocial factors and
peripheral nerve lesions extends beyond the affected patients” ways of living but are also
heavily influenced by significant differences between countries regarding their health
care system.

In our opinion, the findings reported by Ehretsman [56] and Miloro [57] deserve special
emphasis, as both authors reported that donor site morbidity following nerve harvest was
not correlated with any of the psychosocial factors they assessed. Although nerve graft
harvesting can be considered as nerve lesion, it is interesting to note that sequalae of these
“non-accidental” nerve injuries seem not to be correlated with psychosocial factors as it is
the case with traumatic nerve lesions or compression neuropathies. As possible explanation
for this observation we would like to suggest that patients who undergo nerve graft
harvest choose this procedure voluntarily and without the experience of a “loss of control”
associated with traumatic nerve injuries. It was shown that the feelings of uncontrollability
or helplessness are associated with an increase in psychological vulnerabilities [74-76] and
pain levels [77,78]. The patient’s impression of being in control of the situation leading to a
nerve lesion, e.g., sural nerve harvest, might be protective of adverse functional outcome
following these procedures.

Another interesting finding was the correlation between picking “no comment” when
asked about a possible childhood trauma and pain reported at the current and next visit.
The same applies to the predictive value of a positive history childhood trauma for next-
visit sadness and depression. It has been suggested that this correlation is caused by
trauma-induced changes to the brain of abused or traumatized children [47,79,80]. In this
context, one should consider the fact that about 10% of American youth have experienced
at least one episode of sexual assault and 9-19% were subject to physical abuse or a physical
assault by the respective caregiver [81]. Although a history of childhood trauma does not
necessarily cause pain, sadness and depression, the likelihood of seeing an abused person
with PNI at the inpatient or outpatient clinic is relatively high.

As several studies reviewed in this work have pointed out there are distinct variations
regarding the impact of PNIs on psychosocial factors depending on their severity. Patients
with distal, single-site compression neuropathies will likely experience fewer negative
psychosocial effects that patients with distal traumatic injuries of both the median and
ulnar nerve, dual compression neuropathies or TOS. As was emphasized by Wojtkiewicz
these findings bear several implications for clinical practice, as patients suffering from the
aforementioned conditions should be counseled regarding the impact of such PNIs on their
psychosocial and occupational status prior to surgical treatment [17]. The ability to return to
work (RTW) is another exemplary psychosocial factor, as it is primarily affected by PNI but
also has an impact on functional recovery in patients with PNI. Knowledge of this interplay
is of high value when an individual treatment and rehabilitation plan is conceptualized
for the patient as patients with more complex injuries, e.g., combined nerve injuries of the
upper extremity are at high risk not to return to work. In consequence functional recovery
in these patients might also be poor, given their inability to pursue their profession as
desired [34]. Considering the exorbitant indirect costs of low productivity which exceed
direct health costs by more than 100% in case of upper extremity PNIs [14,82-84] an
adequate prognostic assessment and a personalized interdisciplinary treatment are of
outmost relevance. A battery of structured preoperative assessment tools such as the
PROMIS-29 and EQ-5D [85] are suited to determine the impact of peripheral nerve injuries
on patient-reported QoL. The healthcare team involved in treatment of patients with
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PNI should consist of expert not only in surgical treatment of nerve injuries, but also
specialist for physical as well as emotional adaptation and resilience, e.g., hand therapists,
occupational therapists, psychologist, and social workers [86].

Wojtkiewicz summarized the evidence gathered in the literature regarding the influ-
ence of pain caused by PNIs on patient-reported disability [17,18,38,87-90]. Pain levels
can be assessed by the BPI Short Form, NEO-FFI, PCS and the MPQ. A more personalized
pain-assessment is possible via pain drawings [91]. It was shown that these drawings are
affected by pain and depression in patients with cervical degenerative disc disease [92]
or cervical spine nerve involvement in chronic whiplash-associated disorders [93]. They
are also a feasible and reliable tool to assess neuropathic pain following spinal cord in-
jury [94]. Pain drawings are also predictive of functional outcome in patients undergoing
surgical treatment for degenerative disc disease in the cervical spine [95]. Use of a re-
lated assessment-tool named CALA to visualize pain in upper limbs amputees has been
published by Prahm et al. [96], but there is yet no published large patient sample study
evaluating the value of pain drawings in patient with peripheral nerve lesions in general.
Given the high prevalence of neuropathic pain of up to 10% in society and its deleterious
impact on physical and psychical function [47], a more personalized assessment tool might
be a valuable addition to the armamentarium of diagnostic and prognostic instruments.

To summarize our findings, coaching, and providing emotional support to patients
suffering from PNI can be effective to help them adapting a positive mindset, overcome
severe psychological distress, and eventually adapting to their new situation, even if
the functional outcome following surgical treatment is not more than mediocre. It must
be emphasized that objective impairment, e.g., severe paresis, or diminished sensibility
does not inevitably result in the same level of subjective disability. This observation has
been beautifully condensed by Ring who had reconstructed the median nerve in a female
nurse following complete iatrogenic laceration: “Credit goes to her (the patient’s) spirit,
adaptation and resiliency; not my knife or suture” [86].

7. Conclusions

Psychosocial factors play an important role in case of PNI. They are not only directly
affected by PNI but also have significant predictive value of functional outcome following
surgical treatment. Careful psychological assessment can help to identify patients at
risk for unsatisfactory functional recovery and persistent disability following surgical
treatment. The interplay of psychosocial factors and PNIs should be kept in mind in regard
to personalized treatment concepts for these patients.

Author Contributions: Conceptualization, J].C.H., C.P,, ] K. and A.D.; methodology and literature
research, ].C.H., LED. and J.R.; writing—original draft preparation, ].C.H., LED., N.W.,, M.B. and
J.R.; writing—review and editing, H.L., C.P,, ].K. and A.D.; supervision, ] K. and A.D. All authors
have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Acknowledgments: We acknowledge support by Open Access Publishing Fund of University
of Tiibingen.

Conflicts of Interest: The authors declare no conflict of interest.

1. Karsy, M.; Watkins, R.; Jensen, M.R.; Guan, J.; Brock, A.A.; Mahan, M.A. Trends and Cost Analysis of Upper Extremity Nerve
Injury Using the National (Nationwide) Inpatient Sample. World Neurosurg. 2019, 123, e488—-e500. [CrossRef] [PubMed]

2. Foster, C.H.; Karsy, M; Jensen, M.R.; Guan, J.; Eli, I.; Mahan, M. A. Trends and Cost-Analysis of Lower Extremity Nerve Injury
Using the National Inpatient Sample. Neurosurgery 2019, 85, 250-256. [CrossRef] [PubMed]

3. Robinson, M.D.; Shannon, S. Rehabilitation of peripheral nerve injuries. Phys. Med. Rehabil. Clin. 2002, 13, 109-135. [CrossRef]

4. Carvalho, C.R;; Oliveira, ].M.; Reis, R.L. Modern Trends for Peripheral Nerve Repair and Regeneration: Beyond the Hollow
Nerve Guidance Conduit. Front. Bioeng. Biotechnol. 2019, 7, 337. [CrossRef] [PubMed]


http://doi.org/10.1016/j.wneu.2018.11.192
http://www.ncbi.nlm.nih.gov/pubmed/30502477
http://doi.org/10.1093/neuros/nyy265
http://www.ncbi.nlm.nih.gov/pubmed/29889258
http://doi.org/10.1016/S1047-9651(03)00074-3
http://doi.org/10.3389/fbioe.2019.00337
http://www.ncbi.nlm.nih.gov/pubmed/31824934

J. Pers. Med. 2021, 11, 1200 12 of 15

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.
29.

Raza, C.; Riaz, H.A.; Anjum, R.; Shakeel, N.U.A. Repair strategies for injured peripheral nerve: Review. Life Sci. 2020, 243, 117308.
[CrossRef]

Vela, EJ.; Martinez-Chacon, G.; Ballestin, A.; Campos, J.L.; Sanchez-Margallo, FM.; Abellan, E. Animal models used to study
direct peripheral nerve repair: A systematic review. Neural Regen. Res. 2020, 15, 491-502. [CrossRef] [PubMed]

Haastert-Talini, K. Appropriate Animal Models for Translational Nerve Research. In Peripheral Nerve Tissue Engineering and
Regeneration; Phillips, J., Hercher, D., Hausner, T., Eds.; Springer International Publishing: Cham, Switzerland, 2020; pp. 1-17.
[CrossRef]

Mohanty, C.B.; Bhat, D.I.; Devi, B.I. Use of animal models in peripheral nerve surgery and research. Neurol India 2019, 67,
S100-5105. [CrossRef] [PubMed]

Saffari, S.; Saffari, TM.; Moore, A.M.; Shin, A.Y. Peripheral Nerve Basic Science Research-What Is Important for Hand Surgeons
to Know? J. Hand Surg. 2021, 46, 608-618. [CrossRef]

Pan, D.; Mackinnon, S.E.; Wood, M.D. Advances in the repair of segmental nerve injuries and trends in reconstruction. Muscle
Nerve 2020, 61, 726-739. [CrossRef] [PubMed]

Noble, J.; Munro, C.A.; Prasad, V.S.; Midha, R. Analysis of upper and lower extremity peripheral nerve injuries in a population of
patients with multiple injuries. J. Trauma Acute Care Surg. 1998, 45, 116-122. [CrossRef]

Huckhagel, T.; Nuchtern, J.; Regelsberger, J.; Lefering, R.; TraumaRegister, D.G.U. Nerve injury in severe trauma with upper
extremity involvement: Evaluation of 49,382 patients from the TraumaRegister DGU(R) between 2002 and 2015. Scand. J. Trauma
Resusc. Emerg. Med. 2018, 26, 76. [CrossRef]

Huckhagel, T.; Niichtern, J.; Regelsberger, J.; Gelderblom, M.; Lefering, R.; TraumaRegister, D. Nerve trauma of the lower
extremity: Evaluation of 60,422 leg injured patients from the TraumaRegister DGU® between 2002 and 2015. Scand. . Trauma
Resusc. Emerg. Med. 2018, 26, 40. [CrossRef] [PubMed]

Bergmeister, K.D.; Grofse-Hartlage, L.; Daeschler, S.C.; Rhodius, P.; Bocker, A.; Beyersdorff, M.; Kern, A.O.; Kneser, U.; Harhaus,
L. Acute and long-term costs of 268 peripheral nerve injuries in the upper extremity. PLoS ONE 2020, 15, €0229530. [CrossRef]
[PubMed]

Rayner, M.L.D.; Brown, H.L.; Wilcox, M.; Phillips, ].B.; Quick, T.J. Quantifying regeneration in patients following peripheral nerve
injury. J. Plast. Reconstr. Aesthetic Surg. 2020, 73, 201-208. [CrossRef] [PubMed]

Wilcox, M.; Brown, H.; Quick, T. Clinical Outcome Measures Following Peripheral Nerve Repair. In Peripheral Nerve Tissue
Engineering and Regeneration; Phillips, J., Hercher, D., Hausner, T., Eds.; Springer International Publishing: Cham, Switzerland,
2020; pp. 1-46. [CrossRef]

Wojtkiewicz, D.M.; Saunders, J.; Domeshek, L.; Novak, C.B.; Kaskutas, V.; Mackinnon, S.E. Social impact of peripheral nerve
injuries. Hand 2015, 10, 161-167. [CrossRef]

Novak, C.B.; Anastakis, D.J.; Beaton, D.E.; Mackinnon, S.E.; Katz, ]. Biomedical and psychosocial factors associated with disability
after peripheral nerve injury. J. Bone Joint Surg. 2011, 93, 929-936. [CrossRef] [PubMed]

Thomas, K.; Nilsson, E.; Festin, K.; Henriksson, P.; Lowen, M.; Lof, M.; Kristenson, M. Associations of Psychosocial Factors with
Multiple Health Behaviors: A Population-Based Study of Middle-Aged Men and Women. Int. ]. Environ. Res. Public Health 2020,
17,1239. [CrossRef] [PubMed]

Archer, K.R.; Abraham, C.M.; Obremskey, W.T. Psychosocial Factors Predict Pain and Physical Health After Lower Extremity
Trauma. Clin. Orthop. Relat. Res. 2015, 473, 3519-3526. [CrossRef] [PubMed]

Jayakumar, P.; Overbeek, C.L.; Lamb, S.; Williams, M.; Funes, C.J.; Gwilym, S.; Ring, D.; Vranceanu, A.M. What Factors Are
Associated with Disability after Upper Extremity Injuries? A Systematic Review. Clin. Orthop. Relat. Res. 2018, 476, 2190-2215.
[CrossRef]

Bongers, PM.; Kremer, A.M; ter Laak, J. Are psychosocial factors, risk factors for symptoms and signs of the shoulder, elbow, or
hand/wrist?: A review of the epidemiological literature. Am. J. Ind. Med. 2002, 41, 315-342. [CrossRef] [PubMed]

Gustafsson, M.; Ahlstrom, G. Emotional distress and coping in the early stage of recovery following acute traumatic hand injury:
A questionnaire survey. Int. J. Nurs. Stud. 2006, 43, 557-565. [CrossRef]

Gustafsson, M.; Persson, L.O.; Amilon, A. A qualitative study of stress factors in the early stage of acute traumatic hand injury.
J. Adv. Nurs. 2000, 32, 1333-1340. [CrossRef] [PubMed]

Busse, ].W.; Heels-Ansdell, D.; Makosso-Kallyth, S.; Petrisor, B.; Jeray, K.; Tufescu, T.; Laflamme, Y.; McKay, P.; McCabe, R.E.;
Le Manach, Y.; et al. Patient coping and expectations predict recovery after major orthopaedic trauma. Br. |. Anaesth. 2019, 122,
51-59. [CrossRef]

Marek, R.J.; Lieberman, I.; Derman, P.; Nghiem, D.M.; Block, A.R. Validity of a pre-surgical algorithm to predict pain, functional
disability, and emotional functioning 1 year after spine surgery. Psychol. Assess. 2021, 33, 541-551. [CrossRef] [PubMed]

Qi, A; Lin, C; Zhou, A,; Du, J,; Jia, X.; Sun, L.; Zhang, G.; Zhang, L.; Liu, M. Negative emotions affect postoperative scores
for evaluating functional knee recovery and quality of life after total knee replacement. Braz. . Med. Biol. Res. 2016, 49, e4616.
[CrossRef] [PubMed]

Davis, G.; Curtin, C.M. Management of Pain in Complex Nerve Injuries. Hand Clin. 2016, 32, 257-262. [CrossRef] [PubMed]
Schaefer, C.; Sadosky, A.; Mann, R.; Daniel, S.; Parsons, B.; Tuchman, M.; Anschel, A.; Stacey, B.R.; Nalamachu, S.; Nieshoff, E.
Pain severity and the economic burden of neuropathic pain in the United States: BEAT Neuropathic Pain Observational Study.
Clin. Outcomes Res. 2014, 6, 483-496.


http://doi.org/10.1016/j.lfs.2020.117308
http://doi.org/10.4103/1673-5374.266068
http://www.ncbi.nlm.nih.gov/pubmed/31571661
http://doi.org/10.1007/978-3-030-06217-0_9-1
http://doi.org/10.4103/0028-3886.250706
http://www.ncbi.nlm.nih.gov/pubmed/30688242
http://doi.org/10.1016/j.jhsa.2021.02.016
http://doi.org/10.1002/mus.26797
http://www.ncbi.nlm.nih.gov/pubmed/31883129
http://doi.org/10.1097/00005373-199807000-00025
http://doi.org/10.1186/s13049-018-0546-6
http://doi.org/10.1186/s13049-018-0502-5
http://www.ncbi.nlm.nih.gov/pubmed/29764455
http://doi.org/10.1371/journal.pone.0229530
http://www.ncbi.nlm.nih.gov/pubmed/32251479
http://doi.org/10.1016/j.bjps.2019.10.007
http://www.ncbi.nlm.nih.gov/pubmed/31831264
http://doi.org/10.1007/978-3-030-06217-0_11-1
http://doi.org/10.1007/s11552-014-9692-0
http://doi.org/10.2106/JBJS.J.00110
http://www.ncbi.nlm.nih.gov/pubmed/21593368
http://doi.org/10.3390/ijerph17041239
http://www.ncbi.nlm.nih.gov/pubmed/32075162
http://doi.org/10.1007/s11999-015-4504-6
http://www.ncbi.nlm.nih.gov/pubmed/26282387
http://doi.org/10.1097/CORR.0000000000000427
http://doi.org/10.1002/ajim.10050
http://www.ncbi.nlm.nih.gov/pubmed/12071487
http://doi.org/10.1016/j.ijnurstu.2005.07.006
http://doi.org/10.1046/j.1365-2648.2000.01630.x
http://www.ncbi.nlm.nih.gov/pubmed/11136400
http://doi.org/10.1016/j.bja.2018.06.021
http://doi.org/10.1037/pas0001008
http://www.ncbi.nlm.nih.gov/pubmed/33764119
http://doi.org/10.1590/1414-431x20154616
http://www.ncbi.nlm.nih.gov/pubmed/26577843
http://doi.org/10.1016/j.hcl.2015.12.011
http://www.ncbi.nlm.nih.gov/pubmed/27094896

J. Pers. Med. 2021, 11, 1200 13 of 15

30.

31.
32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Akbarzadeh Khorshidi, H.; Marembo, M.; Aickelin, U. Predictors of Return to Work for Occupational Rehabilitation Users in
Work-Related Injury Insurance Claims: Insights from Mental Health. J. Occup. Rehabil. 2019, 29, 740-753. [CrossRef] [PubMed]
Ash, P; Goldstein, S.I. Predictors of returning to work. J. Am. Acad. Psychiatry Law 1995, 23, 205-210.

MacKenzie, E.J.; Shapiro, S.; Smith, R.T.; Siegel, ].H.; Moody, M.; Pitt, A. Factors influencing return to work following hospitaliza-
tion for traumatic injury. Am. J. Public Health 1987, 77, 329-334. [CrossRef]

Crook, J.; Moldofsky, H.; Shannon, H. Determinants of disability after a work related musculetal injury. J. Rheumatol. 1998, 25,
1570-1577. [PubMed]

Bruyns, C.N.; Jaquet, J.B.; Schreuders, T.A.; Kalmijn, S.; Kuypers, P.D.; Hovius, S.E. Predictors for return to work in patients with
median and ulnar nerve injuries. J. Hand Surg. 2003, 28, 28-34. [CrossRef] [PubMed]

Uvarov, M.G. Negative emotions in the pathogenesis of peripheral nerve system disorders. Voenno-meditsinskii zhurnal 1971, 8,
78-79. [PubMed]

Jaquet, ].B.; Kalmijn, S.; Kuypers, P.D.; Hofman, A.; Passchier, J.; Hovius, S.E. 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. [CrossRef]
Ultee, J.; Hundepool, C.A.; Nijhuis, T.H.; van Baar, A.L.; Hovius, S.E. Early posttraumatic psychological stress following
peripheral nerve injury: A prospective study. J. Plast. Reconstr. Aesthetic Surg. 2013, 66, 1316-1321. [CrossRef] [PubMed]

Bailey, R.; Kaskutas, V.; Fox, I.; Baum, C.M.; Mackinnon, S.E. Effect of upper extremity nerve damage on activity participation,
pain, depression, and quality of life. . Hand Surg. 2009, 34, 1682-1688. [CrossRef] [PubMed]

Stonner, M.M.; Mackinnon, S.E.; Kaskutas, V. Predictors of Disability and Quality of Life With an Upper-Extremity Peripheral
Nerve Disorder. Am. J. Occup. Ther. 2017, 71, 7101190050p1-7101190050p8. [CrossRef]

Yannascoli, S.M.; Stwalley, D.; Saeed, M.].; Olsen, M.A.; Dy, C.]. A Population-Based Assessment of Depression and Anxiety in
Patients With Brachial Plexus Injuries. ]. Hand Surg. 2018, 43, 1136.e1-1136.e9. [CrossRef]

Landers, Z.A.; Jethanandani, R.; Lee, S.K.; Mancuso, C.A.; Seehaus, M.; Wolfe, S.W. The Psychological Impact of Adult Traumatic
Brachial Plexus Injury. J. Hand Surg. 2018, 43, 950.1-950.e6. [CrossRef] [PubMed]

Tezel, N.; Can, A. The association between injury severity and psychological morbidity, hand function, and return to work in
traumatic hand injury with major nerve involvement: A one-year follow-up study. Turk. J. Trauma Emerg. Surg. 2020, 26, 905-910.
[CrossRef] [PubMed]

Hill, J.R.; Lanier, S.T.; Brogan, D.M.; Dy, C.J. Management of Adult Brachial Plexus Injuries. | Hand Surg Am 2021, 46, 778-788.
[CrossRef]

Aprile, I.; Caliandro, P; La Torre, G.; Tonali, P.; Foschini, M.; Mondelli, M.; Bertolini, C.; Piazzini, D.B.; Padua, L. Multicenter
study of peroneal mononeuropathy: Clinical, neurophysiologic, and quality of life assessment. J. Peripher. Nerv. Syst. 2005, 10,
259-268. [CrossRef] [PubMed]

Hundepool, C.A; Ultee, J.; Nijhuis, T.H.; Houpt, P; Hovius, S.E. Prognostic factors for outcome after median, ulnar, and combined
median-ulnar nerve injuries: A prospective study. J. Plast. Reconstr. Aesthetic Surg. 2015, 68, 1-8. [CrossRef]

Goswami, R.; Anastakis, D.J.; Katz, J.; Davis, K.D. A longitudinal study of pain, personality, and brain plasticity following
peripheral nerve injury. Pain 2016, 157, 729-739. [CrossRef] [PubMed]

Heary, K.O.; Wong, AW.K,; Lau, S.C.L.; Dengler, J.; Thompson, M.R.; Crock, L.W.; Novak, C.B.; Philip, B.A.; Mackinnon, S.E.
Quality of Life and Psychosocial Factors as Predictors of Pain Relief Following Nerve Surgery. Hand 2020. [CrossRef] [PubMed]
Stonner, M.M.; Mackinnon, S.E.; Kaskutas, V. Predictors of functional outcome after peripheral nerve injury and compression.
J. Hand Ther. 2020, 34, 369-375. [CrossRef] [PubMed]

Wilson, C.; Yaacoub, A.P.; Bakare, A.; Bo, N.; Aasar, A.; Barbaro, N.M. Peroneal nerve decompression: Institutional review and
meta-analysis to identify prognostic associations with favorable and unfavorable surgical outcomes. J. Neurosurg. Spine 2019, 30,
714-721. [CrossRef] [PubMed]

Gaspar, M.P.,; Kane, PM.; Putthiwara, D.; Jacoby, S.M.; Osterman, A.L. Predicting Revision Following In Situ Ulnar Nerve
Decompression for Patients With Idiopathic Cubital Tunnel Syndrome. J. Hand Surg. 2016, 41, 427-435. [CrossRef] [PubMed]
Gaspar, M.P; Jacoby, S.M.; Osterman, A.L.; Kane, PM. Risk factors predicting revision surgery after medial epicondylectomy for
primary cubital tunnel syndrome. . Shoulder EIb. Surg. 2016, 25, 681-687. [CrossRef]

Jerosch-Herold, C.; Houghton, J.; Blake, J.; Shaikh, A.; Wilson, E.C.; Shepstone, L. Association of psychological distress, quality of
life and costs with carpal tunnel syndrome severity: A cross-sectional analysis of the PALMS cohort. BMJ Open 2017, 7, €017732.
[CrossRef] [PubMed]

Straub, T.A. Endoscopic carpal tunnel release: A prospective analysis of factors associated with unsatisfactory results. Arthroscopy
1999, 15, 269-274. [CrossRef]

Lozano Calderdn, S.A.; Paiva, A.; Ring, D. Patient satisfaction after open carpal tunnel release correlates with depression. J. Hand
Surg. 2008, 33, 303-307. [CrossRef]

Das De, S.; Vranceanu, A.M.; Ring, D.C. Contribution of kinesophobia and catastrophic thinking to upper-extremity-specific
disability. J. Bone Joint Surg. 2013, 95, 76-81. [CrossRef] [PubMed]

Ehretsman, R.L.; Novak, C.B.; Mackinnon, S.E. Subjective recovery of nerve graft donor site. Ann. Plast. Surg. 1999, 43, 606-612.
[CrossRef] [PubMed]

Miloro, M.; Stoner, J.A. Subjective outcomes following sural nerve harvest. |. Oral Maxillofac. Surg. 2005, 63, 1150-1154. [CrossRef]
[PubMed]


http://doi.org/10.1007/s10926-019-09835-4
http://www.ncbi.nlm.nih.gov/pubmed/30874999
http://doi.org/10.2105/AJPH.77.3.329
http://www.ncbi.nlm.nih.gov/pubmed/9712103
http://doi.org/10.1053/jhsu.2003.50026
http://www.ncbi.nlm.nih.gov/pubmed/12563634
http://www.ncbi.nlm.nih.gov/pubmed/4329976
http://doi.org/10.1097/00000637-200207000-00013
http://doi.org/10.1016/j.bjps.2013.05.017
http://www.ncbi.nlm.nih.gov/pubmed/23759202
http://doi.org/10.1016/j.jhsa.2009.07.002
http://www.ncbi.nlm.nih.gov/pubmed/19896011
http://doi.org/10.5014/ajot.2017.022988
http://doi.org/10.1016/j.jhsa.2018.03.056
http://doi.org/10.1016/j.jhsa.2018.02.019
http://www.ncbi.nlm.nih.gov/pubmed/29678427
http://doi.org/10.14744/tjtes.2020.39472
http://www.ncbi.nlm.nih.gov/pubmed/33107961
http://doi.org/10.1016/j.jhsa.2021.05.008
http://doi.org/10.1111/j.1085-9489.2005.10304.x
http://www.ncbi.nlm.nih.gov/pubmed/16221285
http://doi.org/10.1016/j.bjps.2014.09.043
http://doi.org/10.1097/j.pain.0000000000000430
http://www.ncbi.nlm.nih.gov/pubmed/26588697
http://doi.org/10.1177/1558944720911213
http://www.ncbi.nlm.nih.gov/pubmed/32188297
http://doi.org/10.1016/j.jht.2020.03.008
http://www.ncbi.nlm.nih.gov/pubmed/32334939
http://doi.org/10.3171/2018.10.SPINE18626
http://www.ncbi.nlm.nih.gov/pubmed/30738397
http://doi.org/10.1016/j.jhsa.2015.12.012
http://www.ncbi.nlm.nih.gov/pubmed/26787404
http://doi.org/10.1016/j.jse.2015.10.024
http://doi.org/10.1136/bmjopen-2017-017732
http://www.ncbi.nlm.nih.gov/pubmed/29102992
http://doi.org/10.1016/S0749-8063(99)70033-2
http://doi.org/10.1016/j.jhsa.2007.11.025
http://doi.org/10.2106/JBJS.L.00064
http://www.ncbi.nlm.nih.gov/pubmed/23283376
http://doi.org/10.1097/00000637-199912000-00005
http://www.ncbi.nlm.nih.gov/pubmed/10597820
http://doi.org/10.1016/j.joms.2005.04.031
http://www.ncbi.nlm.nih.gov/pubmed/16094583

J. Pers. Med. 2021, 11, 1200 14 of 15

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.
81.
82.
83.

84.

Stokvis, A.; Coert, ].H.; van Neck, ].W. Insufficient pain relief after surgical neuroma treatment: Prognostic factors and central
sensitisation. J. Plast. Reconstr. Aesthetic Surg. 2010, 63, 1538-1543. [CrossRef]

Dworkin, R.H.; Handlin, D.S.; Richlin, D.M.; Brand, L.; Vannucci, C. Unraveling the effects of compensation, litigation, and
employment on treatment response in chronic pain. Pain 1985, 23, 49-59. [CrossRef]

Mackinnon, S.E.; Dellon, A.L. Results of treatment of recurrent dorsoradial wrist neuromas. Ann. Plast. Surg. 1987, 19, 54—61.
[CrossRef]

Lans, J.; Hoftiezer, Y.; Lozano-Calderon, S.A.; Heng, M.; Valerio, I.L.; Eberlin, K.R. Risk Factors for Neuropathic Pain Following
Major Upper Extremity Amputation. J. Reconstr. Microsurg. 2021, 37, 413-420. [CrossRef] [PubMed]

Norman, G.J.; Karelina, K.; Zhang, N.; Walton, ].C.; Morris, ].S.; Devries, A.C. Stress and IL-1beta contribute to the development
of depressive-like behavior following peripheral nerve injury. Mol. Psychiatry 2010, 15, 404—414. [CrossRef] [PubMed]

Raber, P; Devor, M. Social variables affect phenotype in the neuroma model of neuropathic pain. Pain 2002, 97, 139-150.
[CrossRef]

Le Coz, G.M,; Genty, ].; Anton, F; Hanesch, U. Chronic Social Stress Time-Dependently Affects Neuropathic Pain-Related Cold
Allodynia and Leads to Altered Expression of Spinal Biochemical Mediators. Front Behav Neurosci 2017, 11, 70. [CrossRef]
[PubMed]

Kaltenbrunner Bernitz, B.; Grees, N.; Jakobsson Randers, M.; Gerner, U.; Bergendorff, S. Young adults on disability benefits in
7 countries. Scand. ]. Public Health 2013, 41, 3-26. [CrossRef]

Muijzer, A.; Groothoff, ].W.; de Boer, W.E.; Geertzen, ].H.; Brouwer, S. The assessment of efforts to return to work in the European
Union. Eur. ]. Public Health 2010, 20, 689—694. [CrossRef] [PubMed]

Radloff, L.S. The CES-D Scale:A Self-Report Depression Scale for Research in the General Population. Appl. Psychol. Meas. 1977, 1,
385-401. [CrossRef]

Busch, M.A.; Maske, U.E; Ryl, L.; Schlack, R.; Hapke, U. Prevalence of depressive symptoms and diagnosed depression among
adults in Germany: Results of the German Health Interview and Examination Survey for Adults (DEGS1). Bundesgesundheitsblatt
Gesundh. Gesundh. 2013, 56, 733-739. [CrossRef] [PubMed]

Pejkova, S.; Filipce, V.; Peev, I.; Nikolovska, B.; Jovanoski, T.; Georgieva, G.; Srbov, B. Brachial Plexus Injuries—Review of the
Anatomy and the Treatment Options. Pril. Makedon. Akad. Nauk. Umet. Oddel. Med. Nauk. 2021, 42, 91-103. [CrossRef] [PubMed]
Bhandari, P.S.; Maurya, S. Recent advances in the management of brachial plexus injuries. Indian |. Plast. Surg. 2014, 47, 191-198.
[CrossRef]

Yokoya, S.; Maeno, T.; Sakamoto, N.; Goto, R.; Maeno, T. A Brief Survey of Public Knowledge and Stigma Towards Depression.
J. Clin. Med. Res. 2018, 10, 202-209. [CrossRef]

Volpe, U.; Mihai, A.; Jordanova, V.; Sartorius, N. The pathways to mental healthcare worldwide: A systematic review. Curr. Opin.
Psychiatry 2015, 28, 299-306. [CrossRef] [PubMed]

Gutiérrez-Colosia, M.R.; Salvador-Carulla, L.; Salinas-Pérez, ].A.; Garcia-Alonso, C.R.; Cid, J.; Salazzari, D.; Montagni, I.; Tedeschi,
F; Cetrano, G.; Chevreul, K,; et al. Standard comparison of local mental health care systems in eight European countries. Epiderniol.
Psychiatr. Sci. 2019, 28, 210-223. [CrossRef]

Hancock, L.; Bryant, R.A. Posttraumatic stress, stressor controllability, and avoidance. Behav. Res. Ther. 2020, 128, 103591.
[CrossRef] [PubMed]

Hancock, L.; Bryant, R.A. Perceived control and avoidance in posttraumatic stress. Eur. |. Psychotraumatol. 2018, 9, 1468708.
[CrossRef]

Hancock, L.; Bryant, R.A. Posttraumatic stress, uncontrollability, and emotional distress tolerance. Depress. Anxiety 2018, 35,
1040-1047. [CrossRef] [PubMed]

Miiller, M.]J. Helplessness and perceived pain intensity: Relations to cortisol concentrations after electrocutaneous stimulation in
healthy young men. BioPsychoSoc. Med. 2011, 5, 8. [CrossRef]

Samwel, H.J.; Evers, A.W.,; Crul, B.J.; Kraaimaat, EW. The role of helplessness, fear of pain, and passive pain-coping in chronic
pain patients. Clin. ]. Pain 2006, 22, 245-251. [CrossRef] [PubMed]

Tesarz, J.; Eich, W.; Treede, R.D.; Gerhardt, A. Altered pressure pain thresholds and increased wind-up in adult patients with
chronic back pain with a history of childhood maltreatment: A quantitative sensory testing study. Pain 2016, 157, 1799-1809.
[CrossRef]

Sachs-Ericsson, N.; Kendall-Tackett, K.; Hernandez, A. Childhood abuse, chronic pain, and depression in the National Comorbid-
ity Survey. Child Abus. Negl. 2007, 31, 531-547. [CrossRef] [PubMed]

Saunders, B.E.; Adams, Z.W. Epidemiology of traumatic experiences in childhood. Child. Adolesc. Psychiatr. Clin. 2014, 23,
167-184. [CrossRef]

Tate, D.G. Workers’ disability and return to work. Am. J. Phys. Med. Rehabil. 1992, 71, 92-96. [CrossRef]

MacKenzie, E.J.; Morris, J.A., Jr.; Jurkovich, G.J.; Yasui, Y.; Cushing, B.M.; Burgess, A.R.; DeLateur, B.J.; McAndrew, M.P;
Swiontkowski, M.E. Return to work following injury: The role of economic, social, and job-related factors. Am. J. Public Health
1998, 88, 1630-1637. [CrossRef] [PubMed]

Hong, T.S,; Tian, A.; Sachar, R.; Ray, W.Z.; Brogan, D.M.; Dy, C.J. Indirect Cost of Traumatic Brachial Plexus Injuries in the United
States. J. Bone Joint Surg. 2019, 101, e80. [CrossRef]


http://doi.org/10.1016/j.bjps.2009.05.036
http://doi.org/10.1016/0304-3959(85)90229-5
http://doi.org/10.1097/00000637-198707000-00009
http://doi.org/10.1055/s-0040-1718547
http://www.ncbi.nlm.nih.gov/pubmed/33058096
http://doi.org/10.1038/mp.2009.91
http://www.ncbi.nlm.nih.gov/pubmed/19773812
http://doi.org/10.1016/S0304-3959(02)00013-1
http://doi.org/10.3389/fnbeh.2017.00070
http://www.ncbi.nlm.nih.gov/pubmed/28536509
http://doi.org/10.1177/1403494813496931
http://doi.org/10.1093/eurpub/ckp244
http://www.ncbi.nlm.nih.gov/pubmed/20142401
http://doi.org/10.1177/014662167700100306
http://doi.org/10.1007/s00103-013-1688-3
http://www.ncbi.nlm.nih.gov/pubmed/23703492
http://doi.org/10.2478/prilozi-2021-0008
http://www.ncbi.nlm.nih.gov/pubmed/33894122
http://doi.org/10.4103/0970-0358.138941
http://doi.org/10.14740/jocmr3282w
http://doi.org/10.1097/YCO.0000000000000164
http://www.ncbi.nlm.nih.gov/pubmed/26001921
http://doi.org/10.1017/S2045796017000415
http://doi.org/10.1016/j.brat.2020.103591
http://www.ncbi.nlm.nih.gov/pubmed/32179233
http://doi.org/10.1080/20008198.2018.1468708
http://doi.org/10.1002/da.22783
http://www.ncbi.nlm.nih.gov/pubmed/29989315
http://doi.org/10.1186/1751-0759-5-8
http://doi.org/10.1097/01.ajp.0000173019.72365.f5
http://www.ncbi.nlm.nih.gov/pubmed/16514324
http://doi.org/10.1097/j.pain.0000000000000586
http://doi.org/10.1016/j.chiabu.2006.12.007
http://www.ncbi.nlm.nih.gov/pubmed/17537506
http://doi.org/10.1016/j.chc.2013.12.003
http://doi.org/10.1097/00002060-199204000-00006
http://doi.org/10.2105/AJPH.88.11.1630
http://www.ncbi.nlm.nih.gov/pubmed/9807528
http://doi.org/10.2106/jbjs.18.00658

J. Pers. Med. 2021, 11, 1200 15 of 15

85.

86.
87.

88.

89.

90.
91.

92.

93.

94.

95.

96.

Pan, T.; Mulhern, B.; Viney, R.; Norman, R.; Tran-Duy, A.; Hanmer, J.; Devlin, N. Evidence on the relationship between PROMIS-29
and EQ-5D: A literature review. Qual. Life Res. 2021. [CrossRef]

Ring, D. Symptoms and disability after major peripheral nerve injury. Hand Clin. 2013, 29, 421-425. [CrossRef] [PubMed]
Boogaard, S.; De Vet, H.C.; Faber, C.G.; Zuurmond, W.W.,; Perez, R.S. An overview of predictors for persistent neuropathic pain.
Expert Rev. Neurother. 2013, 13, 505-513. [CrossRef]

Cocito, D.; Paolasso, I.; Pazzaglia, C.; Tavella, A.; Poglio, F.; Ciaramitaro, P.; Scarmozzino, A.; Cossa, FM.; Bergamasco, B.;
Padua, L. Pain affects the quality of life of neuropathic patients. Neurol Sci. 2006, 27, 155-160. [CrossRef]

Novak, C.B.; Anastakis, D.].; Beaton, D.E.; Katz, J. Patient-reported outcome after peripheral nerve injury. . Hand Surg. 2009, 34,
281-287. [CrossRef] [PubMed]

Burke, S.; Shorten, G.D. When pain after surgery doesn’t go away. Biochem. Soc. Trans. 2009, 37, 318-322. [CrossRef]

Rankine, ].J.; Fortune, D.G.; Hutchinson, C.E.; Hughes, D.G.; Main, C.J. Pain drawings in the assessment of nerve root compression:
A comparative study with lumbar spine magnetic resonance imaging. Spine 1998, 23, 1668-1676. [CrossRef]

MacDowall, A.; Robinson, Y.; Skeppholm, M.; Olerud, C. Anxiety and depression affect pain drawings in cervical degenerative
disc disease. Upsala J. Med Sci. 2017, 122, 99-107. [CrossRef] [PubMed]

Bernhoff, G.; Landén Ludvigsson, M.; Peterson, G.; Bertilson, B.C.; Elf, M.; Peolsson, A. The pain drawing as an instrument for
identifying cervical spine nerve involvement in chronic whiplash-associated disorders. J. Pain Res. 2016, 9, 397-404. [CrossRef]
Rosner, J.; Liitolf, R.; Hostettler, P.; Villiger, M.; Clijsen, R.; Hohenauer, E.; Barbero, M.; Curt, A.; Hubli, M. Assessment of
neuropathic pain after spinal cord injury using quantitative pain drawings. Spinal Cord 2021, 59, 529-537. [CrossRef] [PubMed]
MacDowall, A.; Robinson, Y.; Skeppholm, M.; Olerud, C. Pain drawings predict outcome of surgical treatment for degenerative
disc disease in the cervical spine. Upsala J. Med Sci. 2017, 122, 194-200. [CrossRef]

Prahm, C.; Bauer, K,; Sturma, A.; Hruby, L.; Pittermann, A.; Aszmann, O. 3D Body Image Perception and Pain Visualization Tool
for Upper Limb Amputees. In Proceedings of the 2019 IEEE 7th International Conference on Serious Games and Applications for
Health (SeGAH), Kyoto, Japan, 5-7 August 2019; pp. 1-5.


http://doi.org/10.1007/s11136-021-02911-4
http://doi.org/10.1016/j.hcl.2013.04.008
http://www.ncbi.nlm.nih.gov/pubmed/23895722
http://doi.org/10.1586/ern.13.44
http://doi.org/10.1007/s10072-006-0660-5
http://doi.org/10.1016/j.jhsa.2008.11.017
http://www.ncbi.nlm.nih.gov/pubmed/19181228
http://doi.org/10.1042/bst0370318
http://doi.org/10.1097/00007632-199808010-00011
http://doi.org/10.1080/03009734.2017.1319441
http://www.ncbi.nlm.nih.gov/pubmed/28503982
http://doi.org/10.2147/JPR.S104747
http://doi.org/10.1038/s41393-021-00616-6
http://www.ncbi.nlm.nih.gov/pubmed/33594250
http://doi.org/10.1080/03009734.2017.1340372

	Introduction 
	Methods 
	The Psychosocial Impact of Peripheral Nerve Lesions 
	Psychosocial Factors as Predictors of Functional Outcome Following Treatment of Peripheral Nerve Lesions 
	Surgical Repair of Traumatic Nerve Injuries 
	Surgical Treatment of Compression Neuropathies 
	Peroneal Nerve Decompression 
	Ulnar Nerve Decompression 
	Treatment of Carpal Tunnel Syndrome 

	Recovery of Donor Site Morbidity following Nerve Harvest 
	Treatment of Painful Neuroma 

	A Perspective on Experimental Insights 
	Discussion 
	Conclusions 
	References

