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Background: Little is known about the neuromuscular morphometharacteristics in
patients with sciatica.

Objective: To evaluate the possible changes of nerve and mgsalctures in patients with
low back pain with unilateral radiculopathy due ltmmbar disc herniation by ultrasound
imaging.

Design: A case-control observational study.

Methods: Forty individuals were divided into cage=20; low back pain with unilateral
radiculopathy due to disc herniation), and heattbytrol groups (n=20)The thickness of
lumbar multifidus at L5 level, and of lower limb sules (i.e., biceps femoris, medial
gastrocnemius, and soleus) was measured duringresthand full contraction to calculate
the rest/contraction ratio of these muscles. Adddlly, the sciatic nerve cross-sectional area
and the echogenicity of the nerve and muscles werasured based on ultrasound imaging.
The association between severity of low back pailiculopathy (i.e., pain and patients’
perceived disability) and rest/contraction raticsveasessed.

Results: Patients with sciatica showed sciatic nerve eplaent, and different contraction
ratios for multifidus (at L5) / ankle plantar flexso compared to the controls. The
rest/contraction ratio for biceps femoris was sambetween the two groups.

Conclusion: According to these findings, ultrasound imaging barconsidered a useful tool
to detect changes in the sciatic nerve and mustlesto disc herniation. Furthermore,
regarding the observation of significant changesmascle rest/contraction ratio in the

multifidus and gastrosoleus, one might attributsséhchanges to the nerve root compression.

Keywords: Chronic Pain, Discopathy, Sciatica, Sciatic NeMascle Thickness,

Ultrasonography



1. Introduction

Chronic low back pain (LBP) is among the leadingses of disability in the world (Hurwitz
et al., 2018). Approximately 85% of the patientshvthis condition experience LBP with no
evident anatomical pathology labeled as “nonspediBP." Furthermore, the patients with
LBP with unilateral radiculopathy (LBP-R) with aeelr anatomical diagnosis are considered
“specific LBP” (Nijs et al., 2015). LBP-R due tosdi herniation is defined as unilateral /
bilateral leg pain, with numbness / paresthesiaficed to the dermatomal / myotomal
distribution of the sciatic nerve and usually digited to the feet or toes (Arden et al., 2005).
LBP-R has been associated with poor recovery, §terdi pain and some degree of disability,
imposing a financial burden on society (Beckerlgt2010). The side effects of LBP-R on
muscle morphology as well as characteristics ofeehave been studied using Magnetic
Resonance Imaging (MRI). Accordingly, few studiesdindicated some degree of decrease
in the cross-sectional area (CSA) as well as fatration of the lumbar multifidus muscle
(LMM) at L5 level (Ekin et al., 2016, Hyun et aRp07, Kang et al., 2013). These studies
focused on LMM at L5 level since LMM is the primastabilizer of the lumbar spine, and its
atrophy plays an essential role in maintaining aadsing recurrent LBP and disability in
chronic LBP (Freeman et al., 2010). Furthermorebifitg in the lumbar region occurs
mostly at L4-S1 levels, and LMM has the largestriter at L4- S1 levels, allowing for a
better evaluation (Kader et al., 2000).

A negative association exists between pain and hodogy of the sciatic nerve and
disturbance in contractibility of the biceps fensoand gastrosoleus muscles innervated by
the sciatic nerve. MRI studies have shown echotexthhanges in the sciatic nerve, being
consistent with the loss of the fascicular pattdre to intraneural edema, fibrosis, or
fascicular alterations (Ahlawat et al., 2018, Gavd/@t al., 2018, Tagliafico and Tagliafico,

2014). Ultrasound (US) imaging has been suggessed &eliable alternative to MRI to



investigate potential changes in the neuromusatitactures in LBP-R patients. Compared to
MRI imaging, US is a more accessible, feasible lasd expensive method providing useful
information about the muscle and nerve functionygfanction (Cartwright et al., 2013,
Mayans et al., 2012, Sarafraz et al., 2018). AnetkS study on the LBP-R population with
low levels of pain and disability reported no diéface in LMM thickening upon contraction
and muscle quality at LRvel compared to the healthy controls; however, the authors found
impaired muscle contraction of the soleus and thatis nerve swelling (Frost and Brown,
2016b). Moreover, increased CSA of the sciatic @dras been reported (Kara et al., 2012).
The sciatic nerve damage can cause delayed orneadpaeuromuscular signals to the lower
limb muscles (i.e., the biceps femoris and gasteasomuscles). Consequently, this could
affect normal activation and efficient function tbe muscles. US as a non-invasive method
can detect muscle thickness changes and impairedlenguality (i.e., altered echo intensity
and homogeneity) (Kullmer et al., 1998, Mauritalet 2003).

Accordingly, nerve and muscle structural changethénlumbar region may adversely affect
the trunk control, thereby causing perpetuationpain and disability over the time of
recurrent LBP (Hodges et al., 2006, MacDonald gt24109). Thus, the investigation of the
muscle function and nerve morphology will shielghti on muscle and nerve functions, and
provide the fundamental knowledge for diagnosis daotlow-up of the therapeutic
intervention in patients with LBP-R. However, reviag the literature revealed that little was
known regarding the nerve and muscle changes ienpatwith LBP-R with high levels of
pain and disability. High pain was defined as saurd-10 in the numeric rating pain scale,
and high disability was defined as 41-60 percentdigability according to the Oswestry
Disability Index.

Therefore, this study aimed to investigate nerve muoiscle morphology in individuals with

chronic LBP-R with high levels of pain and disatyiliAccordingly, it was hypothesized that



due to LBP-R, there would be the sciatic nerve kuggla reduced thickening of the lower
back and lower limb muscles upon contraction orefffected side. In this regard, it might be
rational to compare the differences between thectdtl and unaffected sides of the patients

and controls.

2. Material and Methods

2.1. Study design

A case-control observational study.

This study was conducted based on the GuidelinesSteengthening the Reporting of

Observational Studies in Epidemiology (STROBE) (#m et al., 2008).

2.2. Participants

G*power 3 was used to conduct a power analysisatoutate the sample size. The sample
size of the 20 participants per group was capabtetecting a 20% difference in the CSA of
the sciatic nerve and LMM contraction ratio betwdles cases and controls according to the
pilot study assuming a standard deviation of 10%gaificance level of 0.05, and a power of
80%.

Twenty patients were recruited from a private ptgistherapy clinic and a neurosurgery
clinic of a general hospital. During the same p#ri@Q0 healthy individuals by an
announcement from the local community were included the control group. The
participants then underwent clinical and para-cihi(MRI of associated disc bulging or
herniation and nerve root compression at L4-L5 &fdS1 levels) examination by a
neurosurgeon. Those participants were includedis study if they had pain, tingling, or
numbness radiating down to the leg and / or fooptsitive neurological integrity test (i.e.,

myotomal weakness, light-touch loss in a dermatopadlern or reduced reflex), positive



SLR or slump test by reproducing the participasysptoms aggravated or relieved by ankle
dorsiflexion / release of ankle dorsiflexion. Theurosurgeon then established and reported
the final diagnosis, and referred the participaatthe researchers. This study was approved
by the Ethical Committee at XXX University of MedicSciences, and all the participants
signed an informed consent form before their pigdioon.

Inclusion criteria

All the participants were aged between 30 and SFsyeld. The healthy controls with no
history of LBP in the past six months, no muscuébstal disorder or neurological deficits
were included in the study and matched to the pitian term of age, gender, body mass
index (BMI), foot dominance and physical activigose by MedCalc software (Table 1). The
patients had to be diagnosed with LBP with uniiteadiculopathy (LBP-R), lasting for a
minimum of three consecutive months with moderatehigh disability and pain levels
according to the Iranian version of the Oswestrgability Index and the Numeric Rating
Pain Scale (Hawker et al., 2011, Mousavi et al0620

Exclusion criteria

The participants were excluded if they had any gmalncy or bony defects in the lumbar
region (e.g., structural scoliosis or spondyloksiis), systemic myopathy or neuropathy,
previous surgery in the assessment region, evideihcentral sensitization in the mechanism
of pain (diagnostic criteria by Nijs et al., 201B)ability to complete the questionnaires (e.g.,
illiteracy), follow simple orders (e.g., cognitivepairments) or inability to lie prone, stand

and rise on toes.

2.3. Muscle-nerve ultrasound imaging
Imaging locations were determined based on theoame&l landmarks. All the participants

laid in the prone position while extending theiy lexcept the contracted state of gastrosoleus,



which was done in standing position. Afterward,hargsolution US images were obtained
using 2-6 MHz curvilinear probe for multifidus, a®dl2 MHz linear probe for the sciatic
nerve, biceps femoris, medial gastrocnemius, arldusomuscles (Affiniti, 50 Philips,
Netherlands). A physical therapist with 10 yeargexperience in musculoskeletal disorders,
and one year US practice performed all the US nreasnts. The images were obtained first
at rest and then with contractions. Standardizsttuntions were provided for each muscle
contraction. Each contracted state was sufficiehtd for the examiner to have a clear
image of the muscle thickness (no more than 1 re)nifor all the tests, right and left sides
were randomly selected (side names picked fromveebhpand the examiner repeated all the
US measurements three times. The measurementdateraveraged across the three images
in the final analysis. Muscle thicknesses in twst l@nd contracted states were measured in
the longitudinal image (i.e., contraction ratio)hil® the transverse image by maximum
region of interest (max ROI) was used for all thesoles and the sciatic nerve quality (i.e.,

echo intensity).

2.3.1. Imaging of the sciatic nerve and biceps femoris

The US scan of the sciatic nerve and biceps fenmuscle was performed at the level of
lower ¥ on the posterior mid-thigh, along with aelifrom the ipsilateral iliac crest to the

popliteal crease. Longitudinal scans were used @asure muscle thickness (Fig. 1a), and
transverse scans provided a cross-sectional vietlveobiceps femoris and the sciatic nerve
(Fig. 1b) (Cartwright et al., 2013, Kellis et &009). The participants performed prone hip
extension with a straight knee (i.e., leg extended ankle in neutral, then the leg was held
off the table to a height of ~15 cm) to activate thceps femoris muscle (Frost and Brown,

2016b).



2.3.2. Imaging of medial gastrocnemius and soleus

The medial gastrocnemius and soleus muscles wetared at the point of lower 1/3 of the
tibial length from the midpoint of medial malleoltssthe popliteal crease. Longitudinal scans
were used to record the thickness of soleus andahgatrocnemius, while transverse scans
provided only a cross-sectional view of medial gesileus (Figs. 1c, 1d). The participants
rose on the toes (5-cm heel lift) while standing activate the soleus and medial

gastrocnemius (Frost and Brown, 2016b).

2.3.3. Imaging of multifidus muscle

The multifidus muscle was imaged at the level ofvieBtebral, while the participants were in
the prone position on a bed. Longitudinal imagesewaken approximately 2 cm lateral to
the midline so that the spinal facet joints could tlearly identified in the image
(Koppenhaver et al., 2011). In addition, axial imagvere taken by spanning the transducer
across the spinous processes so that bilaterad-sexdional views of the multifidus muscles
could be seen (Figs. le, 1f). Multifidus submaximaliscle activation was required to
perform a unilateral prone arm rise with a 1-kg chaveight to activate the contralateral
paraspinal muscle. This movement was previouslyvshtm activate lumbar multifidus by

30% of the maximum amount (Kiesel et al., 2007).

2.4. Data analysis

The US image analyses were performed offline biirmléd and single assessor using image
J software. The sciatic nerve CSA was measuretidyracing method and the echo intensity
analysis. Nerve echo intensity has been reporteldet@apable of discriminating between
healthy and pathological nerves, as intraneuraimedeesults in increased hypoechoic areas

(Bohm et al., 2014, Tagliafico and Tagliafico, 2D14nage analysis software (e.g., ImageJ)



can be employed to generate histogram-based thHdsstwodifferentiate between hypoechoic
and hyperechoic areas higher proportion of the hypoechoic area is indicative of edema
(Boom and Visser, 2012, Rbia et al., 2018). Lordjital images of the multifidus, biceps
femoris and gastrosoleus muscle under relaxed amdracted conditions were used to
calculate contraction ratio (muscle thickness @mtad/muscle thickness rest). This measure
can provide information concerning motor controtlod muscles. A higher contraction index
indicates that the muscle is thickened more dudogtraction (Wong et al., 2013). Echo
intensity was then defined as the mean level of gighin the ROI in 8-bit resolution images
(gray levels from 0 to 255, where black 0 and &h255) (Santos and Armada-da-Silva,

2017).

2.5. Statistics

Normal distribution of data was determined by Kogramv-Smirnov and Shapiro-Wilk tests.

Independent sample t-test and paired sample tatest used to compare the two groups
(control vs. sciatica and unaffected leg vs. affdcleg), respectively, for each outcome
measure. Spearman correlations were also calcubeydeen the severity (ODI, pain) and

each outcome measure.

3. Results
Table 1 summarizes the participants’ charactesistitdependent sample t-test showed non-
significant differences in the age, gender, weiglight, BMI or activity level between the

patient and control groups.

3.1. The sciatic nerve CSA and echogenicity



Paired t-test showed that significant differena@<CSA between the affected (51.39 fam
affected side) and unaffected (46.54 mnmaffected side) sides of LBP-R group with the
mean difference 4.82, effegize= 0.51; p= 0.03). However, the independent sample t-test did
not show significant differences in the sciaticweelCSA and echo intensity between the

LBP-R and control groups (p= 0.29, effect size 1(F2y. 3).

3.2. Muscle contraction Ratio

The multifidus and gastrosoleus contraction rati@se significantly lower on the affected
side than both unaffected and control groups (j08,&he effect sizes for multifidus, medial
gastrocnemius and soleus were 3.67, 2.26, and &2Bectively). Biceps femoris did not
demonstrate any differences between the groupsrin of contraction ratio (p= 0.52, effect

size 0.64) (Fig. 2).

3.3 Muscle quality
The independent sample t-test for mean echo intedemonstrated no differences between
the groups for multifidus, biceps femoris, mediasigocnemius and soleus muscles (p> 0.05,

effect size 0.12, 0.14, 0.15, 011, 016, respedct)\&lig. 2).

3.4. Correlation with severity
No significant associations were found betweerstheerity (ODI and Pain) of LBP-R and all

outcomes except for the multifidus (16:48; p=0.007).

4. Discussion
Considering nerve root compression in disc hemmtive aimed to investigate how local

nerve or muscular function might be affected, gittemevidence of local structural change in



LBP-R patients with moderate to high level of paimd disability. These structural changes
may adversely affect trunk control, health, andlvehg of the lumbar spine and balance
disturbance. For this purpose, we assessed thecsoerve morphology (CSA and echo
intensity) and its innervated muscle function (caation ratio and echo intensity) using US
in the patients with LBP-R compared to the healtbytrols. The findings of the current

study confirm the evidence of increased CSA ofdbiatic nerve on the affected side, less
gastrosoleus thickening and reduced contractiotuimibar multifidus at L5 level in the

patients compared to the healthy controls.

4.1. The sciatic nerve

The sciatic nerve CSA on the affected side (at rthd-thigh level) was larger than the
unaffected side; however, no difference was observed between the patient and control groups
Therefore, we must reject our hypothesis that ffexi@d leg of LBP-R patients would have
a larger sciatic nerve CSA compared to the mattteadthy controls, as this difference was
not significant. In this regard, it could be intexfed as there is no difference, or perhaps the
sample size was small for any difference to beiggmt. Our findings are in agreement with
two published studies measuring the sciatic nerS8& @ unilateral sciatica using US (Frost
and Brown, 2016b, Kara et al.,, 2012). However, e¢hstudies have performed the US
measurements in patients with mild LBP with unilateadiculopathy (Frost and Brown,
2016b, Kara et al., 2012). Consequently, one migigiard the sciatic nerve CSA as a
guantitative measure to monitor the inflammatiorthed nerve in entrapment neuropathies.
However, we found no significant correlation betwedlee nerve CSA and severity (i.e., ODI
and pain); therefore, it would not adequately reflect the lesfadlisability in these patients.

In the event of a complete disc herniation, compt&om the nucleus pulpous escape from

the annulus fibrosis and induce an inflammatorypoese that can result in nerve injury



independent of mechanical compression (Cornefjordl.e 1996). Even if the mechanical
compression is unilateral, the inflammatory staiald have a bilateral impact. Therefore, it
is important to compare not only to the unaffectete of the LBP-R patient but also to a
healthy control group to verify that the unaffecled can be used as a within-participant
comparator. In this case, the sciatic nerve CSégoimparable between the healthy controls
and the unaffected leg of LBR-patients; therefore, a within-patient comparison is
appropriate. At the apex of the popliteal space sitiatic nerve is divided into the tibial nerve
and the common peroneal nerve. It is importantdte that the site of nerve bifurcation is
variable (Yablon et al., 2016), which may affeat tierve CSA.

Regarding the nerve echo intensity, no differenes wbserved between the groups, which
could indicate that echo intensity is not as sesesas nerve density or thresholding methods,
or poor visualization of the sciatic nerve due ¢tbagenic properties of surrounding tissues,
consequently; less clearly borders (B6hm et al., 2014). Alternatively, a less appamdrmnge
was found in the nerve fascicular structure in bBP-R population than in the previously
published studies in the upper arm neuropathiese dhcrease in the sciatic nerve
echogenicity on the affected side could be duenftammation. Future studies should

investigate additional methods of detecting alterstin the sciatic nerve quality.

4.2. Muscle contraction ratio

Needle electromyography (EMG) can detect denemaiidhe lumbar multifidus in patients
suffering from severe leg pain at L4-L5 foramin@mosis (Takeuchi et al., 2015). However,
Kim et al. (2014) compared muscle thickness usisgwvith its activity measured by EMG
and reported the US measurement of thickness odttbe LMM as a highly reliable and

valid method to investigate its function (Kim et, 2014).



A significant decrease was found in LMM contractiatio at L5 level between the groups
(control, affected leg, unaffected leg). Therefaneaging of multifidus at L5 level may be
more sensitive to detect the changes following IBREue to disc herniation. LMM is the
only paraspinal lumbar muscle innervated by a simgirve root, and the nerve root has no
collateral innervations (Zhao et al., 2000). Foe first time, the present study shows an
impaired muscle contraction ratio due to LBP-R atlével. Reduced contraction ratio in the
multifidus in chronic LBP can be interpreted as aned neuromotor control (Wallwork et
al., 2009), and it may reflect inability of the uatary activation of this muscle (i.e., the
muscle spasm or reflex inhibition).

Overall, the data imply that the asymmetry of nfigltis muscle morphology has a negative
impact on the health of the spine. Additionallye tmultifidus consists of more slow fibers
than fast fibers, which better qualifies this masa$ a key lumbar spine stabilizer. According
to Dedering et al. (2006), individuals with LBP dte disc herniation have a decreased
concentration of type | fibers due to disc heroiatand conversion of tonic into phasic fibers
(Dedering et al., 2006). Fast-twitch muscle fibans more susceptible to atrophy than slow-
twitch (Wang and Pessin, 2013). In addition, oreené study by Romas et al. (2016) showed
that participants with LBP-R had increased fatigofe lumbar multifidus due to disc
herniation (Ramos et al., 2016). These findings mgyport the current clinical practice of
using physiotherapeutic modalities to decreaseifaul$ alteration due to LBP-R in addition
to voluntary multifidus contractions in pain-freegitions.

Our results indicated a significant difference he tcontraction ratio of biceps femoris
between the affected and unaffected side, whildifierence was found between the affected
side and controls. Accordingly, based on these ltsgsilBP-R probably affected the

contractibility of biceps femoris muscle. In comstrao our findings, one recent study on



patients with LBP radiculopathy with mild pain adidability has found that LBP-R does not
affect the contraction ratio of biceps femoris @trand Brown, 2016b).

In radiculopathy patients, the sciatic nerve tetadmove medially during knee extension. It
may be due to the nerve root taking the shorten fratavoid greater excursion at the nerve
root (forming the sciatic nerve). Due to overadyi\i.e., spasm) of the biceps femoris, the
nerve may be pushed more medially (Ridehalgh gR@L5). It has been previously reported
that some significant differences exist between rddiculopathy group and the control
participants regarding the muscle activation tim{ng., longer in the radiculopathy group)
(Frost and Brown, 2016a). Therefore, it may be lypsized that some changes in the biceps
femoris muscle occurred and consequently, some gelsann muscle activation were
observed. Concurrent investigation of the ultragwaphy and kinesiologic
electromyography evaluation is recommended to @aiei this hypothesis in future studies.
Frost and Brown (2016) also reported an impairadraation ratio in the soleus muscle with
less soleus thickening during contraction on thefiected side in LBP patients with
radiculopathy in comparison to controls.

The results regarding gastrosoleus showed a signifidecrease in the contraction ratio
between the groups, indicating an inability to \zatee the muscle voluntarily. Although the
medial gastrocnemius and soleus are different isahetfiber types (soleus with 68-80%
slow oxidative fiber versus medial gastrocnemiuthv@0-58% slow oxidative twitch fiber),
they are often considered anatomical and functi@yalergists and show similar activity
patterns in functional tasks (Mehta and Priluts¥314). In the current study, the contracted
images were taken while the participants were staading position, raised on their toes so
that their heel was 5 cm above the floor. The maghatrocnemius muscle is bi-articular, and

changes in knee and ankle angle in the standindigggswhich may impact the muscle



architecture. However, the procedure was completedhe same manner for all the

participants.

4.3. Muscle quality

No significant differences were found between tbetwl and LBP-R groups for the mean
echo intensity of the muscles measured on eitlder &thanges in the multifidus muscle have
been reported to be influenced by duration of symgt (i.e., chronicity) (Franke et al., 2009,
Kang et al., 2013). Duration of the sciatica sympia the current study was nearly one year
in the patients. Thus, it seems that any atrophghanges in the muscle quality of these
muscles tend to occur in more chronic patientslanger symptom duration.

We suggest that the present study was not abletexidthese differences / changes due to the
following reasons: (1) there might be an alterationmuscle elasticity instead of muscle
quality; therefore, further studies are needed to investigate this possibility through
sonoelastography study of the muscles to exployestasticity changes between the groups.
As it has been suggested, the modulus changesasticdly in multifidus by shear wave
sonoelastography as a complementary method detertmérmechanical characterization of
multifidus in patients (Moreau et al., 2016). (2p&h echo intensity might not be sensitive

enough to detect the changes in muscle fat.

4.4. Correlation with severity

A significantly impaired muscle contraction was ealed only for the multifidus muscle at
L5 level in the LBP-R patients. These findings oade that the severity of pain may affect
the amount of activation of multifidus and, in tucauses a higher level of disability (i.e., our
patients reported moderate to severe pain or ditsdbiThus, the severity of pain and

disability might be considered a cause for musohabition (Kiesel et al., 2008). A pain



adaptation model and fear of avoidance beliefs lead decrease in muscle activation
duration to avoid painful muscles (Moseley, et 2009). Thus, it might explain less muscle
thickness in the presence of pain and inhibitionredffex mechanisms (van Dieén et al.,

2017).

4.5. Limitation

The present study was conducted on non-trained fiam-athletic) individuals affected by
the sciatic radiculopathy, who may have less musalik and physical activity score
compared to the trained (i.e., athletic) populatibimerefore, these results do not allow direct
generalization of findings to the athletic popwatiwith LBP-R. Furthermore, the healthy
control group had no pain during the assessmergre@s the patients had some degree of
pain. Consequently, the examiner may have been aware of the participant grouping; thus, his
expectations could influence the internal validijowever, we have analyzed captured
images by ImageJ software for blinding. The pagrtais in the present study were 30-50
years old. Therefore, the results cannot be extetmlelder adults who may experience age-

related structural changes.

5. Conclusion

This study presented a body of evidence regardiagotential utilization of USI as a useful
tool to detect muscle changes in patients with IEBBPFhe USI of muscle and nerve may
provide some evidence indicating neuromusculaicgiral changes and its relationship with
the pain and disability in patients with lumbaratgerniation. We found that patients with
LBP-R had a larger sciatic CSA and less biceps fembickening on the affected side

compared to the unaffected side. Moreover, impainedtifidus at L5 level and the



gastrosoleus muscle contraction may suggest somigtory pain effects on the muscles in

lumbosacral radiculopathy due to disc herniation.
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Tablel

Characteristics (mean + SD) of participants witilataral LBP-R (n=20) and healthy controls (n=20)

Physical
Group Age | Sex(F:M) BMI o . | NPRS*back | NPRSleg ODI® Range
activity score
LBP-R | 42+14.1 5:10 24.07+8.26 3+0.12 4.76+1.86 5.76+1¢ 35.65-40.11%
11.89-13.65
Control | 41+13.9 5:10 23.6+7.98 3+0.12 - - 0

! Tegner Activity Scale, score 0-10 where 0 represssick leave or disability pension, and 10 isipgration in

competitive sports

2NPRS: Numeric Pain Rating Scale, on scale 0-1@oted-3 indicates mild pain, 4-6 indicates modepaie,
7-10 indicates severe pain

3 ODI: Oswestry Disability Index, on a percentagdescscore from 0-20% indicate a minimal disabiltg;-
40% indicate a moderate disability, 41-60% sevésahility, 61-80 % for crippled and 81-100%.
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Fig. 1. Ultrasound images of (a) biceps femoristhicknessin longitudinal scan, (b) biceps femoris region
of interest (ROI) in the transverse scan and the sciatic nerve (dotted line) with echo intensity histogram,
(c) the medial gastrocnemius and soleusin the longitudinal scan,(d) the medial gastrocnemius ROI and
soleus in the transverse scan with echo intensity histogram, (€) the multifidus musclein the longitudinal
scan at L3-5 levels,(f) multifidus in the transverse scan in the affected and unaffected sides with echo
intensity histogram. In the longitudinal scan, ayellow vertical line indicates the muscle thickness.
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Fig. 2. (8) Mean muscle contraction ratio, (b) mean muscle echogenicity for the control and LBP-R
(affected and unaffected). a.u: arbitrary unit, ML: Multifidus, BF: Biceps Femoris, MG: Medial
Gastrocnemius, SOL: Soleus, *: significant P< 0.05.
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Fig. 3. (8) Mean the sciatic nerve cross-sectiona area (mm?) and (b) Mean echogenicity for the control
and low back pain radiculopathy (LBP-R), and significant comparison between affected and unaffected,
SNCSA: Sciatic Nerve Cross-Sectional Area, *: significant P< 0.05.



Highlights
» Ultrasonography is a promising tool to explomaistural changes in the sciatic nerve
» Echogenicity of muscle and nerve structure isstjarable

» Lumbar multifidus demonstrated a smaller thickgniluring contraction



