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Introduction: Polyneuropathy (PNP) is a chronic progressive disease that over
time can lead to damage of sensory, motor and/or autonomic peripheral nerves.
Symptoms vary from predominantly sensory to severe sensorimotor affection
both proximally and distally. This can result in considerable functional impairments
that affect activities of daily living. In other neurological patients, strength training
has shown to improve strength and functional outcomes. Sincemedical treatment
only exists for very few percentages of the underlying causes it is obvious to
consider if strength training could be a potential treatment for functional
impairments. To date little is known on the effect of strength training in
patients with PNP.

Aim: The aim of this scoping review was to summarize research on strength
training and outcomes on physical function in patients with PNP.

Methods: We systematically searched five data bases; Pubmed, Embase, Cinahl,
Cochrane library and Web of science. Studies on strength training (load ≥70% of
1RM) in patients with PNP were included. The search was carried out in
November 2022.

Results: 362 articles were screened by title and abstract, 101 articles were full text
screened. Eight studies were included. Patients with Charcot-Marie-Tooth (CMT),
chronic inflammatory polyneuropathy (CIDP) and diabetic polyneuropathy (DPN)
were represented in the studies (five RCTs, two case-series, and one cross-over
trial). The methodological quality ranged from fair-poor in seven studies, one
study reached good quality. Results from the studies indicated that strength
training in CMT, CIDP and DPN may improve strength. However, various
outcomes were used to evaluate strength training, so direct comparisons were
difficult.

Discussion: In this scoping review we summarized research on strength training
and outcomes evaluated in interventions in patients with PNP. Eight studies were
included, they indicated that strength training may be beneficial for patients with
PNP. However, due to low methodological strength of most studies a
recommendation for patients with PNP cannot be made. Thus, the low
number of studies with relatively low quality, where various functional
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outcomes were used, underscores the importance of future studies to evaluate the
effect of strength training on relevant functional outcomes and strength in patients
with PNP.

KEYWORDS

polyneuropathy, strength training, resistance training, immune-mediated polyneuropathy,
diabetic polyneuropathy, hereditary polyneuropathy, muscle strength, functional
outcomes

1 Introduction

Polyneuropathy (PNP) is a disorder that leads to damage of
sensory, motor and/or autonomic peripheral nerves over time
(Sommer et al., 2018). The prevalence of PNP is estimated to
5.5% in the middle-aged population and increases with age to
13% over the age of 70 (Hanewinckel et al., 2016). However, PNP
may be vastly underdiagnosed and studies have suggested that the
prevalence may be as high as 9.4% in the middle-aged population
(Hanewinckel et al., 2016). PNP can be idiopathic, acquired, or
hereditary (Sommer et al., 2018; Lehmann et al., 2020).
Depending on the etiology of PNP, progression in symptoms

can be anything from rapid (over weeks to months) to slow (over
years to decades) before physical impairment occurs (Sommer
et al., 2018; Lehmann et al., 2020). Symptoms vary in severity and
form, from predominantly sensory symptoms (paresthesia,
numbness) in hands or feet to severe sensorimotor affection
with both proximal and distal involvement (Hoffman et al.,
2015; Sommer et al., 2018; Lehmann et al., 2020). Irrespective
of cause, PNP often results in considerable functional
impairments, i.e., increased tendency to fall, dependency on
walking aids, inability to ascend-descend stairs and difficulties
in activities of daily living (Callaghan et al., 2015; Hoffman et al.,
2015). Strength training has been shown to improve strength, gait

FIGURE 1
PRISMA-ScR flow diagram of study selection.
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and functional outcomes in healthy young and older adults (de
Vos et al., 2005; Liu and Latham, 2009; Garber et al., 2011;
Raymond et al., 2013; Borde et al., 2015; Hvid et al., 2016; Chen
et al., 2021), patients with stroke (Hill et al., 2012) and patients
with multiple sclerosis (Dalgas et al., 2009; Gomez-Illan et al.,
2020). Since treatment only exists for very few percentages of the

potential underlying causes (inflammatory) it is obvious to
consider if strength training could be a potential treatment to
counteract functional impairments and loss of physical capacity
in patients with PNP. To date very few studies have investigated
the effect of strength training in patients with PNP (White et al.,
2004; Smith and Mulligan, 2014; Corrado et al., 2016; Fuller et al.,

TABLE 1 Characteristics of the interventions.

Author Participants Intervention
(strength
training
exercises)

Sets and
load (RM)

RM
test

Supervised
training

Adherence
reporting

Location Sessions
pr week

Weeks

Hackett et al.
(2021)

CMT n = 4 Leg press, leg FLX-
EXT, hip ABD, chest
press, seated row,
ankle PF and DF

Progression
from 50% of
1RM to 80%
of 1RM

8RM
test

Yes Attendance
rate 100%

UNI 3 8

Lindeman
et al. (1995)

CMT and MyD
n = 66 (n =
30 CMT)

Knee EXT and FLX,
hip EXT and ABD

Week1-8: 60%
of 1RM

ND
1RM

NO TD Attendance
not reported

HT 3 24

Week 9-16:
70% of 1RM

Week 17-24:
80% of 1RM

Load
adjustment
supervised

Markvardsen
et al. (2018)

CIDP (treated
with SCIG)
n = 18

Knee EXT and FLX,
elbow EXT and FLX.
Unilateral exercises
for weakest side,
untrained side as
control

3 sets of 12RM
Load
adjustment
supervised
every
1–2 weeks

12RM
test

NO TD Attendance
30 ± 11 sessions

FC 3 12

Handsaker
et al. (2016)

Diabetes and
DPN n = 43 (n =
9 DPN)

Leg EXT, leg press and
ankle press

3 sets of 12RM 12RM
test

Yes ND ND 1 16

Handsaker
et al. (2019)

Diabetes and
DPN n = 40 (n =
10 DPN)

Leg EXT, leg press and
ankle press

3 sets of 12RM
Adjustment of
load and
techniques the
first 2 weeks

12RM
test

Yes ND UNI 1 16

Khan et al.
(2022)

DPN n = 109 Leg press, bench-
press, pull-downs,
abdominal crunches,
knee EXT and FKX,
ankle PF and DF,
back EXT

Week1-2: 3 sets
of 15RM

8RM
test

Yes Attendance
median of
29 sessions

UNI 2–3 12

Week 3-4:
3 sets of 12RM

Week 5-8:
3 sets of 10RM

Week 9-12:
3 sets of 8 RM

Lindberg et al.
(2020)

DPN and stable
foot ulcer n = 5

Knee EXT and FLX,
hip ABD, low row

Week1-3: 3 sets
of 15RM

8RM
test

Yes Attendance
rate 92%

ORC ND 10

Week 4-10:
3 sets of 10RM

Seyedizadeh
et al. (2020)

DPN n = 24 Chest press, pull-
down, sit-ups, triceps
press, barbell-curl, leg
EXT, leg curls,
push-ups

Week1-4: 2 sets
of 12RM

12RM
test

ND ND ND 3 8

Week 5-8:
3 sets of 12RM

CMT: Charcot-Marie-Tooth; MyD: myotonic dystrophy; CIDP: chronic inflammatory demyelinating polyneuropathy; SCIG: subcutaneous immunoglobulin; DPN: diabetic polyneuropathy;

FLX: flexion; EXT: extension; ABD: abduction; PF: plantar flexion; DF: dorsi flexion; RM: repetition maximum; NO: unsupervised; TD: training dairy; UNI: training at university; HT: home

training; FC: training at fitness center; ORC: outpatient rehabilitation center; ND: not described.

Frontiers in Physiology frontiersin.org03

Pedersen et al. 10.3389/fphys.2023.1158039

https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org
https://doi.org/10.3389/fphys.2023.1158039


2016) and there is no consensus on the extent to which strength
training may improve physical capacity and activities of daily
living in patients with PNP. Thus, the aim of this scoping review
was to summarize research on strength training interventions
and outcomes on physical function for patients with PNP of
different etiology. The outcome of this review may help the
design of future strength training interventions in patients
with PNP.

2 Methods

2.1 Study design

This scoping review was performed following the Preferred
Reporting Items for Systematic reviews and Meta-analysis
extension for Scoping reviews (PRISMA-ScR) Checklist (Tricco
et al., 2018). The review protocol was not preregistered.

2.2 Eligibility criteria

Studies were included if they evaluated a protocol of strength
training for patients with immune-mediated, hereditary, metabolic
or idiopathic polyneuropathy. To be considered as a strength
training intervention there had to be a clearly described strength
training protocol (load ≥70% of 1 repetition maximum (RM)), with
1RM defined as the maximum load that can be lifted through the full
range of motion one time (American College of Sports Medicine
position stand, 2009; Verdijk et al., 2009). Loads ≥70% of 1RM were
chosen to follow recommended intensities that are necessary in
order to obtain increase in muscle strength and muscle hypertrophy
(American College of Sports Medicine position stand, 2009). Studies
evaluating outcomes on physical function with both clinician and
patient reported outcome measures were considered eligible. Studies
published in English, Danish, Swedish, or Norwegian were included.
Studies in children and adolescents (<18 years) and in patients with
polyneuropathy resulting from critical illness poly-myopathy were

TABLE 2 Strength training interventions—outcome measures and results.

Author Participants Outcome measure Results

Hackett et al. (2021) Case-
series

CMT n = 4 1RM (knee, hip, chest) Stair climb test Static
balance SF-36 FES-I 6-MWT, 2-MWT Tandem
walk

Power training was tolerated by n =
4 Improvements in: Leg extension: 35.2% ± 30.0%
(n = 3)*, Leg flexion: 8.9% ± 3.3% (n = 4)*, Leg-
press: 11.6% ± 18.3% (n = 2)*, Hip abd: (R):
34.1% ± 31.0% (=4)*, (L): 70.0% ± 46.3% (n = 4)*
2MWT: 3.9% ± 3.8% (n = 3)*, FES: −6.7% ± 15.4%
(n = 3)*, Static balance: 12.8% ± 12.6% (n = 4)*
Tandem walk: −26.9% ± 23.3% (n = 4) SF-36p and
6MWT improved in n = 2, decreased in n = 2

Lindeman et al. (1995) RCT CMT, MyD n = 66 (n =
30 with CMT)

IKS (knee) Isometric MVC 6MeWT, 50MWT
Stair climb test Rising from chair Rising from
supine WOMAC

Isokinetic strength (knee EXT) +14% (p = 0.01)**
Isokinetic strength (knee FLX) +13% (p = 0.07)**
6MeWT (p = 0.01)*** The remaining outcomes
were unchanged

Markvardsen et al. (2018)
Cross-over

CIDP (treated with SCIG) n = 18 IKS (knee + elbow) ODSS, SF-36, FSS, 6MWT IKS (knee FLX, EXT) 17.2% ± 22.8%, p = 0.001**
IKS (knee + elbow) 13.8% ± 16.0%, p < 0.05
6MWT, ODSS, SF-36 and FSS were unchanged

Handsaker et al. (2016) RCT Diabetes, DPN n = 43 (n =
9 with DPN)

Body movement, ground reaction force and
muscle activity

Speed of strength generation (knee and ankle)
improved: p < 0.01***

Handsaker et al. (2019) RCT Diabetes, DPN n = 40 (n =
10 with DPN)

Accuracy of foot placement during walking Accuracy of stepping increased 45%, p > 0.05

Khan et al. (2022) RCT DPN n = 109 ISK, IENFD 6MWT, FTSST Postural stability
DN4, SF-12, FES-I MDI, FSS, MNSI-q

ISK (knee) improved: 10.3 Nm ±9.6 Nm, p =
0.002# 6MWT improved: 34.6 m ± 40.9 m,
0.001 FTSST improved: −1.5 s ± 4.6 s, p = 0.02 No
change was found in IENFD, SF-12, FSS, MNSI-q,
FES-I or postural stability

Lindberg et al. (2020) Case-
series

DPN with stable foot ulcer n = 5 Adherence Foot ulcers size ISM (HHD) Tandem
test Astrand bicycle test

Adherence: n = 5 patients completed Attendance
rate: 92%, Training was progressed. Safety: for n =
5 patients foot ulcer decreased in size ISM (knee
EXT): 20.2 Nm ±19.1Nm No change in Tandem
test and Aastrand test

Seyedizadeh et al. (2020) RCT DPN n = 24 KinesinLC, 6MWT Biceps curls Chair-stand-test Chair-stand-test improved: p = 0.01*** No change
in serum kinesinLC, 6MWT or biceps curls

CMT: Charcot-Marie-Tooth; MyD: myotonic dystrophy; CIDP: chronic inflammatory demyelinating polyneuropathy; SCIG: subcutaneous immunoglobulin; DPN: diabetic polyneuropathy;

SF-36: Health related quality of life; ODSS: overall disability sum score; FES-I: falls efficacy scale international, 6MWT: 6-Munite Walk Test; 2MWT: 2-m Walk Test; IKS: isokinetic strength;

MVC: maximum voluntary contraction; 6MeWT: 6-m Walk Test 50MWT: 50-m Walk Test; WOMAC: WOMAC, questionnaire; IENFD: intra epidermal nerve fiber density; FTSST: Five-

Times-Sit-to-Stand-Test; DN4: neuropathic pain; SF-12: Health related quality of life; MDI: major depression inventory; FSS: fatigue severity scale; MNSI-q: Neuropathy symptoms; ISM:

isometric strength; HHD: hand held dynamometer; kinesinLC: kinesin light chain; * Improvement of 1RM, mean change in % ±SD; ** Improvement in % and/or (p-value); *** only p-value

reported; # mean difference ±SD (95% CI), p-value.
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excluded. Conference abstracts, case studies based on a single
participant, study protocols and expert opinions were also excluded.

2.3 Information sources and search

The search strategy was developed by BSP with assistance
from TD and an information specialist from Copenhagen
University Library. The databases Pubmed, Embase, Cinahl,
Cochrane and Web of Science were searched in the period
from 16th November 2022 to 25th November 2022. To
broaden the search, the PICO (Richardson et al., 1995) was
limited to only Population (patients with PNP) and
Intervention (strength training), leaving out comparison and
outcome since the aim of this study was to summarize
research in strength training for patients with PNP, and
research within this field is limited. The full search query is
available in Supplementary material (Supplementary Tables
S1–S4).

Reviews on training and PNP retrieved from the search were
read and references checked for studies fulfilling inclusion criteria
for this scoping review.

2.4 Selection of articles

Three of the authors (BSP, LSK and ABK) used Covidence
(Covidence, 2022) to independently screen studies. After each step
(title-abstract screening and full-text screening) disagreements were
resolved by discussion until agreement or by consulting a fourth
reviewer (TD).

2.5 Data items

Data were extracted from the included studies by BSP and ABK.
Data of interest were information on how strength training was
planned (i.e., load (RM), number of sets, progression, supervised or
unsupervised, location of training, sessions pr. week and duration)
and how the interventions were evaluated (outcome measures and
results). Data were summarized and presented in tables sorted by
population.

2.6 Critical appraisal

Downs and Blacks checklist (Downs and Black, 1998; Deeks
et al., 2003) was used to assess the quality of the included studies.
The 27 items of the checklist evaluate quality within reporting,
external validity, internal validity, confounding and power. We
used a modified version of the checklist, where item 27 (on study
power) was modified and evaluated with one point (if power was
reported) or zero points (if power was not reported or reported
unclearly) instead of a score between 0–5 points. The modified
version has previously been used (Aubut et al., 2013). The
modified total score ranges from 0–28, where highest
methodological quality is scored highest. In previous studies,
the quality has been considered excellent at a score between
26–28 points, good at a score between 20–25, fair at a score
between 15–19 and poor at a score ≤14 points (Hooper et al.,
2008; Silverman et al., 2012). Two reviewers (BSP and ABK)
evaluated and rated the studies.

3 Results

3.1 Selection of studies

497 studies were identified through search in databases
(Figure 1). After duplicates were removed, three reviewers
screened 362 articles by title and abstract of which 101 articles
were retrieved and full text screened by the three reviewers. After
full-text screening, eight studies fulfilled the inclusion criteria and
were included in this scoping review (Figure 1).

3.2 Characteristics of the studies

The eight studies included in this review evaluated strength
training in patients with Charcot-Marie-Tooth (CMT) (n =
2 studies), Chronic Inflammatory Demyelinating Polyneuropathy
(CIDP) (n = 1 study) and diabetic polyneuropathy (DPN) (n =
5 studies). The designs of the studies were: RCTs (n = 5), case series
(n = 2) and cross over trial (n = 1). A total of 209 patients with PNP
(CMT n = 34, CIDP n = 18 and DPN n = 157) participated in the
eight interventions (Tables 1, 2).

TABLE 3 Sum of quality assessment of randomized controlled trials—Downs and Blacks checklist.

Author Reporting External
validity

Internal
validity

Internal validity
confounding

Power Total score downs and
black

Lindeman et al.
(1995) RCT

7 1 5 2 0 15

Handsaker et al.
(2016) RCT

4 0 4 2 0 10

Handsaker et al.
(2019) RCT

4 0 3 2 0 9

Khan et al. (2022) RCT 11 1 6 4 1 23

Seyedizadeh et al.
(2020) RCT

5 0 3 1 0 9

Frontiers in Physiology frontiersin.org05

Pedersen et al. 10.3389/fphys.2023.1158039

https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org
https://doi.org/10.3389/fphys.2023.1158039


3.3 Critical appraisal

The methodological quality assessment of the studies is
presented in Tables 3, 4. Of the five RCTs, one article (Khan
et al., 2022) scored 23 points (good). For the remaining four
RCTs (Lindeman et al., 1995; Handsaker et al., 2016; Handsaker
et al., 2019; Seyedizadeh et al., 2020) the score ranged from 9 to
15 points (fair-poor). The two case-series (Lindberg et al., 2020;
Hackett et al., 2021) and one cross-over-trial (Markvardsen et al.,
2018) were also assessed using Downs and Blacks checklist, with
scores ranging from 13 to 18 points (fair-poor).

3.4 Strength training interventions and
polyneuropathy

The length of the strength training interventions ranged from eight
to 24 weeks (mean length of interventions 13 weeks), with one-three
sessions per week. In five studies, strength training was supervised
(Handsaker et al., 2016; Handsaker et al., 2019; Lindberg et al., 2020;
Hackett et al., 2021; Khan et al., 2022), in two studies patients trained
unsupervised but adjustments in load were supervised every other week
(Lindeman et al., 1995; Markvardsen et al., 2018), and in one study it
was unclear if training was supervised (Seyedizadeh et al., 2020). The
locations of the strength training were either the patient’s home (n = 1)
(Lindeman et al., 1995), a local fitness center (n = 1) (Markvardsen et al.,
2018), an outpatient rehabilitation center (n = 1) (Lindberg et al., 2020),
or a university (n = 3) (Handsaker et al., 2019; Hackett et al., 2021; Khan
et al., 2022). In two studies, location was unclear (Handsaker et al., 2016;
Seyedizadeh et al., 2020).Most of the studies focused on exercises for the
lower limb (Lindeman et al., 1995; Handsaker et al., 2016; Markvardsen
et al., 2018; Handsaker et al., 2019; Lindberg et al., 2020), but in three
studies focus was on exercises for upper and lower limb, back, chest and
shoulders (Seyedizadeh et al., 2020; Hackett et al., 2021; Khan et al.,
2022). In four studies, weights were gradually progressed to reach higher
percentage of 1RM (Lindeman et al., 1995; Lindberg et al., 2020; Hackett
et al., 2021; Khan et al., 2022), and in four studies weights were adjusted
to maintain the same percentage of 1RM (Handsaker et al., 2016;
Markvardsen et al., 2018; Handsaker et al., 2019; Seyedizadeh et al.,
2020). In three studies, the 8-repetition maximum test was used to
calculate 1RM (Lindberg et al., 2020; Hackett et al., 2021; Khan et al.,
2022), in four studies a 12-repetition maximum test was used to
calculate 1RM (Handsaker et al., 2016; Markvardsen et al., 2018;
Handsaker et al., 2019; Seyedizadeh et al., 2020), and in one study it
was unclear how 1RM was calculated (Lindeman et al., 1995).
Adherence to training was reported in four of the studies
(Markvardsen et al., 2018; Lindberg et al., 2020; Hackett et al., 2021;

Khan et al., 2022). In one study adherence to training was registered in
training dairies but not reported in the article (Lindeman et al., 1995). In
the two studies with unsupervised training, adherence to training but
not training intensity was registered in training dairies (Lindeman et al.,
1995; Markvardsen et al., 2018), but only one of the studies reported
data regarding adherence (Markvardsen et al., 2018). Four studies did
not report adherence to training (Lindeman et al., 1995; Handsaker
et al., 2016; Handsaker et al., 2019; Seyedizadeh et al., 2020). Below, the
strength training interventions from the included studies are sorted and
presented by population. For description of the interventions see
Tables 1, 2.

3.5 Charcot-Marie-Tooth (CMT)

Two studies evaluated strength training for patients with CMT
(Lindeman et al., 1995; Hackett et al., 2021). In the RCT by
Lindeman et al. (1995), training was primarily focused on
improving strength of the lower limb. Training load was
progressed during the intervention period from 50% to a
maximum of 80% of 1RM. In both studies, strength training was
tolerated by patients with CMT. In the RCT by Lindeman et al.
(1995), isokinetic knee strength improved (extension 14%, flexion
+13%) during the 24 weeks of training (Tables 1, 2). In the case-
series by Hackett et al. (2021), three of four patients improved
strength of the knee, and two of four patients improved leg-press
strength during the 8 weeks of training (Hackett et al., 2021)
(Tables 1, 2).

3.6 Chronic inflammatory demyelinating
polyneuropathy (CIDP)

Strength training for patients with CIDP was evaluated in one
study by Markvardsen et al. (2018). Patients with CIDP trained
unilateral strength of the knee and elbow with the other side serving
as a control. The weights were adjusted throughout the intervention
period to maintain a load at three sets of 12RM. Strength of the knee
(trained side) improved (17.2% ± 22.8%) after the 12 weeks of
strength training (Tables 1, 2).

3.7 Diabetic polyneuropathy (DPN)

The effect of strength training in patients with DPN was
evaluated in five of the included studies. Two studies
(Seyedizadeh et al., 2020; Khan et al., 2022) conducted strength

TABLE 4 Sum of quality assessment of case-series and cross-over trial—Downs and Blacks checklist.

Author Reporting External
validity

Internal
validity

Internal validity
confounding

Power Total score downs and
black

Hackett et al. (2021) Case 8 0 3 2 0 13

Markvardsen et al. (2018)
Cross-over

10 2 4 2 0 18

Lindberg et al. (2020) Case 8 3 4 3 0 18
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training exercises in both the upper and lower body, whereas three
studies (Handsaker et al., 2016; Handsaker et al., 2019; Lindberg
et al., 2020) mainly focused on lower body exercise training. In two
studies (Lindberg et al., 2020; Khan et al., 2022), the load was
gradually progressed by increasing weight to reach a higher
percentage of 1RM - weight increased from three sets of 15RM
to three sets of 8RM (Khan et al., 2022) and three sets of 10RM
(Lindberg et al., 2020). In the remaining three studies (Handsaker
et al., 2016; Handsaker et al., 2019; Seyedizadeh et al., 2020), weights
were adjusted to maintain load at three sets of 12RM. In the RCT by
Khan et al. (Khan et al., 2022), significant improvements were seen
in knee strength (+10.3 Nm ±9.6 Nm), 6-min walk test (6MWT)
(34.6 m ± 40.9 m) and Five-Times-Sit-To-Stand test (−1.5 s ± 4.6 s)
after the 12 weeks strength training intervention (Tables 1, 2).
Lindberg et al. (2020) reported that non-weightbearing
progressive strength training was safe in the five included
patients with DPN with stable foot ulcers. In two studies by
Handsaker et al. (2016); (Handsaker et al., 2019), elements of
gait and stair climb were evaluated after strength training, and
they found that speed of strength generation and accuracy of
stepping were increased after 16 weeks of strength training
(Tables 1, 2).

3.8 Strength training and functional
outcomes

Functional outcomes were evaluated in five studies (Lindeman
et al., 1995; Markvardsen et al., 2018; Seyedizadeh et al., 2020; Hackett
et al., 2021; Khan et al., 2022) (Table 1; Table2) by the following
standardized tests: 6-min walk test (n = 4) (Markvardsen et al., 2018;
Seyedizadeh et al., 2020; Hackett et al., 2021; Khan et al., 2022), 2-m
walk test (n = 1) (Hackett et al., 2021), 6-m walk test (n = 1) (Lindeman
et al., 1995), 50-m walk test (n = 1) (Lindeman et al., 1995), five-times-
sit-to-stand-test (n = 1) (Khan et al., 2022), and the 30-second-chair-
stand-test (n = 1) (Seyedizadeh et al., 2020). Besides from the
standardized tests, functional performance was evaluated in the
following activities: rising from a chair (n = 1) (Lindeman et al.,
1995), rising from supine (n = 1) (Lindeman et al., 1995), and stair
climbing (n = 2) (Lindeman et al., 1995; Hackett et al., 2021). None of
the eight studies used functional outcomes to evaluate upper limb
function including fine motor skills. In studies where functional
outcomes were evaluated, improvement was seen in: 6-m walk test
(n = 1) (Lindeman et al., 1995), 6-min walk test (n = 1) (Khan et al.,
2022), five-times-sit-to-stand (n = 1) (Khan et al., 2022), 30-second-
chair-stand-test (n = 1) (Seyedizadeh et al., 2020). No changes were seen
in functional performance evaluated in the activities: rising from a chair
(n = 1) (Lindeman et al., 1995), rising from supine (n = 1) (Lindeman
et al., 1995), stair climb (n = 2) (Lindeman et al., 1995; Hackett et al.,
2021), or the 50-m walk test (Lindeman et al., 1995).

3.9 Strength training and patient reported
outcome measures (PROM)

In four of the eight studies, patient reported outcome measures
were evaluated (Lindeman et al., 1995; Markvardsen et al., 2018;
Hackett et al., 2021; Khan et al., 2022). The Western Ontario

McMaster Universities Arthritis Index (WOMAC) was used to
evaluate PROM in one study with patients with Charcot-Marie-
Tooth and Myotonic Dystrophy (Lindeman et al., 1995). The
Overall Disability Sum Score (ODSS) was used in one study to
evaluate disability in patients with chronic inflammatory
demyelinating polyneuropathy (Markvardsen et al., 2018). Health
related quality of life was evaluated in two studies (Markvardsen
et al., 2018; Khan et al., 2022). In the study by Markvardsen et al.
(2018), the Short Form-36 (SF-36) was used in patients with chronic
inflammatory demyelinating polyneuropathy, and in the study by
Khan et al. the shorter version, Short Form-12 (SF-12), was used in
patients with diabetic polyneuropathy (Khan et al., 2022). Fear of
falling was evaluated in two studies using the Falls Efficay Scale-
International (FES-I) (Hackett et al., 2021; Khan et al., 2022). The
Fatigue Severity Scale (FSS) was used to evaluate fatigue in two
studies, one in patients with chronic inflammatory demyelinating
polyneuropathy (Markvardsen et al., 2018) and one in patients with
diabetic polyneuropathy (Khan et al., 2022). The Michigan
Neuropathy Screening Instrument (MNSI) is a combined PROM
and examination tool to assess distal symmetric peripheral
neuropathy in patients with diabetes, and was used in one study
(Khan et al., 2022). The Douleur Neuropathique en 4 Questions
(DN4) was used to evaluate neuropathic pain in one study (Khan
et al., 2022). All patient reported outcome measures evaluated in the
four studies were unchanged after the strength training
interventions (Lindeman et al., 1995; Markvardsen et al., 2018;
Hackett et al., 2021; Khan et al., 2022) (Table 1; Table 2).

4 Discussion

In this scoping review, the aim was to include research studies
investigating strength training and effect on physical function in
patients with PNP of different etiology. Of the eight studies included
in this review, only one RCT was powered and had methodological
quality to detect a difference in and conclude on the primary
outcome. This study points toward a beneficial effect on both
strength and functional outcomes after 12 weeks of strength
training at an intensity of 80% of 1RM. Due to the low
methodological quality of most of the studies, the discussion and
conclusion below will focus on planning of strength training
interventions and choice of outcome measures rather than on the
effect of strength training.

4.1 Training intensities

In healthy adults, the improvement in outcomes of a training
intervention depends on the length of the intervention and to an
even greater extent, the training intensity (Garber et al., 2011).
Moreover, a review examining the effect of strength training in
patients with multiple sclerosis reported that gait speed and
endurance only improved in studies where intensities exceeded
70% of 1RM (Mañago et al., 2019; Andreu-Caravaca et al., 2022).
Also, a study examining the effect of strength training in stroke
survivors only found improvement in strength and gait function
when the training intensity exceeded 80% of 1RM (Hill et al., 2012).
Thus, it seems that in patients with central neurological disorders,
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the intensity of training bouts is just as important as in healthy
adults. In only three (two RCTs and one case-series) of the eight
included studies in this review, patients with PNP reached a training
intensity of 80% of 1RM (Lindeman et al., 1995; Hackett et al., 2021;
Khan et al., 2022), and in only two of the three studies, training was
supervised (Hackett et al., 2021; Khan et al., 2022). In the RCT study
by Khan et al. (2022) where the training intensity reached >80% in
patients with DPN, significant improvements were seen in strength
in the lower limb along with functional improvement in terms of
longer and more stable gait function. In the two other studies with a
training intensity >80% of 1RM, only the RCT study by Lindeman
et al. (1995) found a moderate effect on knee extension strength, but
it was not transferred to functional outcomes (Lindeman et al., 1995;
Hackett et al., 2021). One explanation for the lack of improvement in
functional outcomes and relatively moderate improvement in
strength could, at least in the study by Lindeman et al. (1995),
relate to the training being unsupervised and thus training intensity
solely self-reported. It is well-documented that the effect of
unsupervised training in general has poorer outcome than
supervised training (Lacroix et al., 2016; Lacroix et al., 2017;
Tsekoura et al., 2018), which in this case may have inflicted on
the actual training intensity and thus effect of training (Lindeman
et al., 1995). In the case-series by Hackett et al. (2021), all training
bouts were supervised, but since the design was case-series they
could not conclude on the effect of 8 weeks of high intensity strength
training, but the authors reported that high intensity training was
safe and well tolerated by patients with CMT (Hackett et al., 2021). It
is unknown whether all patients with PNP may benefit from
strength training or if improvement potential relates to the
etiology of PNP. In previous studies on exercise and training in
patients with PNP, aerobic training, strength training or a
combination of both (Otterman et al., 2011; Kluding et al., 2012;
Nadi et al., 2017) have been practiced. In these studies, however,
training intensities did not reach levels that are associated with a
potential effect on strength in healthy (American College of Sports
Medicine position stand, 2009) or patients with other neurological
disorders (Hill et al., 2012; Mañago et al., 2019; Andreu-Caravaca
et al., 2022). Interestingly, in two studies, strength and functional
outcomes were not even investigated after the training period
(Kluding et al., 2012; Nadi et al., 2017). The diverse and overall
conflicting results from the different training studies underscore that
when investigating effect of strength training in patients with PNP,
different training protocols including different strength training
intensities are warranted to evaluate the optimal dose and the
effect on strength and functional outcomes in patients with PNP
of different etiology.

4.2 Outcome measures

Compared to healthy persons, patients with PNP can have
considerable neurological impairments due to muscle weakness
and sensory disturbances that can affect both activities of daily
living and participation (Hoffman et al., 2015). Among others, they
are at increased risk of having impaired gait function, impaired
balance, and increased risk of falling (Lindeman et al., 1995;
Callaghan et al., 2015; Khan and Andersen, 2022). This is
important to take into account when evaluating interventions in

PNP. Therefore, in strength training interventions, it could be
relevant to use a set of standardized tests that includes evaluation
of gait function, balance, and coordination as well as hand function
and fine motor skills and not only tests of muscle strength. The 6-
min walk test (6MWT), the 10-m walk test (10MWT) and the Six-
Spot-Step-Test (SSST) have been shown to be reliable in patients
with neuromuscular disorders and other neurological conditions
(Watson, 2002; Erdmann et al., 2005; Nieuwenhuis et al., 2006;
Erdmann et al., 2017; Knak et al., 2017; Kreutzfeldt et al., 2017;
Andersen and Kristensen, 2019; Spina et al., 2019; Vita et al., 2019).
The tests evaluate walking capacity, gait speed and coordination and
could be included as outcome measures in future strength training
interventions. In five of the eight included studies, functional
outcome measures were used to evaluate the effect of strength
training (Lindeman et al., 1995; Markvardsen et al., 2018;
Lindberg et al., 2020; Hackett et al., 2021; Khan et al., 2022).
Four different tests were used to evaluate gait function, and
transitions and functional lower limb strength were evaluated
with four different test procedures while only two of them were
standardized tests. In order to evaluate functional impairments and
the response to strength training in patients with PNP, it is
imperative to use functional outcome measures that are valid,
responsive to change, and clinically relevant to both patients and
clinicians. Also, it needs to be considered if a given outcomemeasure
is expected to be affected by strength training or the chosen
intervention. Thus, it is possible that the lack of effect on
functional outcomes seen in the included studies (Lindeman
et al., 1995; Seyedizadeh et al., 2020; Hackett et al., 2021) is due
to the choice of outcome measure, more than the strength training
intervention not being effective. Also, it is possible that strength
training in patients with PNP would translate into clinically relevant
improvements in functional outcomes with more specific outcome
measures. In three studies, upper limb strength was trained without
studying a potential relevant functional outcome in the upper limb
(Seyedizadeh et al., 2020; Hackett et al., 2021; Khan et al., 2022). The
lack of improvement in functional outcomes even in patients with
improvement in strength after training underscores the importance
of choosing a given outcome that relates to the training intervention.

4.3 Patient reported outcome measures
(PROMs)

The use of PROMs can add important information on patients’
experience of health status, fatigue, impairments and how these
factors affect daily living (Dawson et al., 2010; Basch et al., 2018).
When choosing a PROM, it is important that the PROM is relevant
and relates to the population and the problem that is being evaluated
(Dawson et al., 2010). Moreover, if disease specific the PROM must
be validated for that population (Dawson et al., 2010). In four of the
included studies, nine different PROMs were used as secondary
outcomes. Of those, only two studies used three PROMs that are
specific PNP questionnaires (ODSS, DN4 and MNSI-q), whereas
three of the studies used five other PROMs (SF-36, FES-I, FSS, SF-12
and MDI) that are generally accepted for all persons despite health
status and include health-related questions. Additionally, Lindeman
et al. used a PROM that has the purpose to evaluate health status in
patients with hip and knee-osteoarthrosis (WOMAC (Gandek,
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2015)) to assess health status in patients with PNP (Lindeman et al.,
1995). Neither of these studies found an improvement in the
PROMs applied. We believe that the lack of improvement in
PROMs following strength training in patients with PNP could
be caused by the choice of a PROM that could not be expected to
change with the intervention. The lack of improvement in PROMs
in four out of four studies, emphasizes the importance of choosing
the relevant PROMs so that it is both specific for the population and
relevant and responsive to the intervention (Churruca et al., 2021).

4.4 Strength and limitations

Even though the inclusion criteria for our review were wide,
i.e., inclusion of all acquired, hereditary, or idiopathic PNP except
critical illness neuro-myopathy and all study designs except single
cases, protocols, conference abstracts and expert opinions, only
eight studies could be included in this review. The eight studies
represented three different study designs (RCT, case-series and
cross-over) in patients with PNP of three different subtypes (CMT,
CIDP and DPN), and 209 patients with PNP were represented.
Thus, a limitation of this review is that there is a very little amount
of research within strength training in patients with PNP.
Moreover, the representation of patients with PNP in studies
investigating the effect of strength training is limited to three
subtypes of PNP, and thereby not addressing potential important
differences between the effect of strength training in acquired
versus hereditary PNP. Further, the overall quality of most of the
included studies was low (Table 3; Table 4) ranging from 9 to 23 on
Downs and Blacks checklist. Only one RCT had good
methodological quality. Finally, the included studies used
different outcome measures to assess the effect of strength
training, which makes it difficult to compare effect across
studies. Also, only three of the outcome measures have been
shown to be reliable in patients with neuromuscular disorders
and other neurological conditions (Watson, 2002; Erdmann et al.,
2005; Nieuwenhuis et al., 2006; Erdmann et al., 2017; Knak et al.,
2017; Kreutzfeldt et al., 2017; Andersen and Kristensen, 2019;
Spina et al., 2019; Vita et al., 2019). Thus, it is possible that an effect
of training can be overlooked due an inappropriate choice of
outcome measure. The strengths of this review are the broad
search strategy, i.e., the systematic search in five databases, and
the systematic selection of articles that was performed by three of
the authors. Furthermore, the use of Covidence has ensured that
the quality of the study selection and appraisal has been checked.
This review calls attention to strength training in patients with
PNP. We chose to focus on interventions that included strength
training. The reason for this approach was to ensure that the effect
of training could be directly compared between studies and related
to the primary and secondary outcomes. Therefore, we believe that
the choice of addressing the effect of strength training in patients
with PNP alone is a strength of this review, rather than a limitation.

5 Conclusion

In this scoping review, we summarized research on strength
training interventions and outcomes on physical function in patients

with PNP of different etiology. In total, eight studies were included,
and overall, they indicate that strength training may be beneficial in
patients with PNP on strength and functional outcomes. However,
only one study was powered and had methodological quality to
detect differences in strength and functional outcomes, indicating
that 12 weeks of strength training improves strength and gait
function in patients with DPN. To evaluate and compare future
strength training interventions in patients with PNP, it is relevant to
consider patient specific training interventions and outcome
measures.

The eight studies represent only three subtypes of PNP, and the
strength of the study designs was low. This underscores the
importance of future studies on strength training in patients with
PNP to investigate the effect on strength, but also on clinically
relevant functional outcomes and PROMs in a broad spectrum of
causes.
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