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Introduction
Acute Low Back Pain (LBP), the number one cause of disabil-
ity in the world, often resolves in weeks to months, however, 
about one third of people with LBP experience ongoing pain 
and dysfunction [1]. Providers are often unable to agree on 
the best approach to treat LBP. Many treatments and interven-
tions including injections, medications, physical therapy, chi-
ropractic, massage, and acupuncture have been and are used to 
treat LBP although most are not effective. Systematic reviews, 
meta-analysis and Cochrane reviews have identified education, 
anti-inflammatories, and manual therapy as the most effective 
treatments for LBP [2].
 
While manual therapy has demonstrated effectiveness in the 
treatment of LBP in numerous peer-reviewed publications, im-
plementation of a standardized program of manual therapy in 
the clinical setting may not be as effective. In part, this is due to 
the lack of standardization of manual therapy in research stud-
ies, the lack of inter-rater and intra-rater reliability and the ne-
glect of the neurological components of LBP [2]. Additionally, 
manual therapy treatments may reproduce a patient’s symp-
toms and, therefore, affect patient tolerance and adherence to 
physical therapy treatment. However, neurodynamics and neu-
ral mobilization is a well-tolerated type of manual therapy as it 
is performed below the patient’s pain threshold.

Neurodynamics and neural mobilization, a form of manual 
therapy, is a suitable treatment approach for patients who have 
dysfunctions of their nervous system including neural tension-
ing. Neural mobilization addresses the mechanical aspect of 
nervous system pathologies, whereas, neurodynamics address-
es both the mechanical and physiological aspects of the ner-
vous system [3]. Shacklock and colleagues studied mechanical 
components of neurodynamics and reported decreased stretch 
sensation on the ipsilateral (IL) side with extension of the con-
tralateral (CL) knee while using the slump test (ST) [4]. This 
occurs because as the CL lower extremity is moved an addi-
tional force is put on the CL nerve root, resulting in a down-
ward movement of the spinal cord. This movement reduces 
tension on the IL nerve root, and therefore symptoms from it 
[5].
 
The specific neurodynamic techniques used in this approach 
have been explored in the published literature, but the actual 
patient clinical outcomes of neurodynamic treatments have not 

been explored in depth. This case series will explore the use of 
clinical neurodynamics for LBP in an outpatient clinic by using 
neurodynamic treatment progressions of unloading the nerve 
root with foramen opening and CL nerve root techniques, fol-
lowed by loading the nerve root with foramen closing and IL 
neural tensioners.

Methods
Four patients with lumbosacral radiculopathy were treated at 
an outpatient physical therapy office from 2019 to 2021 by the 
author. These patients were selected as they had a history of 
LBP and signs and symptoms of lumbosacral radiculopathy. 
Patients with diagnoses involving the central nervous were 
excluded, as well as patients with a previous history of low 
back surgery or epidural steroid injections. Patient treatments 
included, but were not limited to, clinical neurodynamic tech-
niques [5]. Patients whose cases were used were consented for 
use of their medical records for this case series. Data obtained 
from the medical record included patient’s subjective reports 
of pain and dysfunction, patient’s lower extremity deep tendon 
reflexes, manual muscle testing of bilateral lower extremities 
for possible myotomal weakness, and standard neurodynamic 

Figure 1
testing including the ST and SLR as seen in Figure 1.
Deep tendon reflexes
Deep tendon reflexes were assessed for the lower extremities 
including the patellar (L4) and ankle reflex (S1). Grading of 
reflexes is from 0-4. A reflex of 0 is absent, 1 is diminished, 2 
is normal, 3 is hyper-reflexive, and 4 is associated with clonus 
[6]. 

Manual muscle testing
Manual muscle testing was performed using the Medical Re-
search Council Manual Muscle Testing scale. In this method 
the muscles are tested in the extremities using a 0-5 rating scale 
with 0 indicating no muscle activity, 1 being trace muscle ac-
tivity, 2 muscle activity in a gravity eliminated position but 
with full range of motion, 3 muscle activity with gravity and 
full range of motion, 4 muscle activity with some resistance 
and full range of motion, and 5 muscle activity against full 
resistance and full range of motion [7]. 
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Neurodynamic testing
Neurodynamic testing was performed including the ST and 
SLR, and patient response was noted. Structural differentiation 
was performed to determine if a neurodynamic component 
was involved. An example included if the therapist performed 
a SLR test and the patient described feeling low back pain with 
passive dorsiflexion of the patient’s foot. If the patient did not 
have a change with the passive dorsiflexion, the low back pain 
was determined to be musculoskeletal in nature [8]. 

The following was similar for a ST, whereas, in this example 
the patient was sitting with thoracic and lumbar flexion and 
their chin to chest. The therapist then passively extended one 
of the patient’s knees. The patient was then asked to raise their 
chin off their chest. If the patient’s low back pain was un-
changed despite head position the patient’s pain was deemed to 
be musculoskeletal in origin. If the patient’s low back changed 
with head position, the patient’s low back pain was determined 
to have a neurodynamic component [8]. 

Abnormal responses
The next step was to determine if the patient had a normal 
or abnormal response to neurodynamic testing. Abnormal re-
sponses were broken down into overt abnormal or covert ab-
normal responses. Overt responses reproduced the patient’s 
symptoms, whereas, covert responses did not, but the patient’s 
range of motion in the IL lower extremity was asymmetrical 
to their CL lower extremity. If a SLR test was performed and 
the patient had a reproduction of their LBP that increased with 
ankle dorsiflexion, this was called an overt abnormal response. 
Conversely, if a SLR test was performed and the patient did not 
have a reproduction of their LBP, but the IL side had a reduc-
tion in its’ range of motion compared to the CL side this was 
considered a covert abnormal response [8]. 

Neurodynamic treatments
Neural tensioning dysfunctions were treated with a 5-step pro-
gression starting with the CL or asymptomatic lower extremity 
and progressing to the IL lower extremity or symptomatic side. 
Tension is taken out of the IL by putting tension on the CL, 
followed by gradually adding tension to the IL lower extremity. 
The following is an example in supine for a neural tensioning 
dysfunction.

1. Position: CL hip flexion with knee extension. Position: IL 
hip and knee extension. 
2. Move: CL hip into flexion with knee extension. Position: IL 
hip and knee extension.
3. Move: CL hip into flexion with knee extension. Position: add 
IL ankle dorsiflexion.
4. Move: IL hip into flexion with knee extension. Position: add 
CL ankle dorsiflexion.
5. Move: IL hip into flexion with knee extension. Position: CL 
hip and knee extension [8].
 
Patients that were more acute were treated with openers to take 
compression off the nerve root. This was accomplished by hav-
ing the patient in side lying with the IL lower extremity up and 
the patient’s lower extremities off the side of the plinth table. 

The patient’s IL iliac crest was then pulled caudally towards 
the foot of the plinth which resulted in increased opening of 
the lumbar foramen on the IL or symptomatic side.8 This was 
often followed by tensioner progressions using the CL nerve 
root as seen in Figure 2.

Patients who were less symptomatic or who had covert re-
sponses to neurodynamic testing were treated with closers. Pa-
tients who did not have a reproduction of their symptoms with 
closing of their lumbar foramen were pushed into this barrier. 
This was accomplished by having the patient in side lying with 
the IL lower extremity down and the patient’s lower extremi-
ties off the side of the plinth table. The patient’s CL iliac crest 
was then pulled caudally towards the foot of the plinth which 
resulted in increased closing of the lumbar foramen on the IL 
or symptomatic side [8]. This was often followed by loading 
the nerve root with IL neural tensioners as seen in Figure 2.

Figure 2

Table 1: Case Series Demographics n=4.
Patient Age Sex Diagnosis IL Side Weeks 

PT
Total 
Visits

1 57 M Lumbosacral 
Radiculopathy

Left 3 5

2 44 M Lumbosacral 
Radiculopathy

Left 12 10

3 62 F Lumbosacral 
Radiculopathy

Left 2 5

4 50 F Lumbosacral 
Radiculopathy

Right 4 7

Patients were evaluated again post treatments to include DTRs, 
MMT, and neurodynamic testing. Patient treatments included, 
but were not limited to neural mobilization. Patient treatments 
often included dry needling, joint mobilization, stabilization, 
and/or strength training.

Results
There were 4 patients in this case series and their demograph-
ics are presented in Table 1. The patients in this case series 
all had a diagnosis of a lumbosacral radiculopathy. Their age 
range was between 44 and 62 years of age, with an average age 
of 53 years old. Two of the patients were male, and two were 
female. The left lower extremity was the affected or IL side in 
three patients and the right lower extremity in one. Two of the 
patients were seen a total of 5 visits over a span of 2-3 weeks, 
one patient was seen for 10 visits over a 12-week period, and 
one for 7 visits over a 4-week period. 

The DTRs of the left (L) and right (R) lower extremities of 
both the patellar and Achilles’ tendons are shown in Table 2. 
The patellar tendon is innervated by the L4 nerve root and the 
Achilles tendon by the S1 nerve root [6]. All patients presented 
with a normal, or grade 2, patellar tendon reflex at initial evalu-
ation, progress note, and discharge. Patients with an abnormal 
reflex presented with it to their Achilles tendons, and it was 
graded as a 1 or diminished. One patient who did not have a 
progress note presented at both the initial evaluation and dis-
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Discussion
Four patients were assessed for DTRs, MMT, and neurody-
namic responses to ST and SLR, and results indicated a nor-
malization of all of the above. All cases who presented at the 
initial evaluation with diminished reflexes, myotomal weak-
ness, or abnormal responses to neurodynamic testing were nor-
mal at discharge. 
These results indicate neurodynamic treatment progressions 
beginning with unloading a symptomatic nerve root with open-
ers and CL neural tensioners, followed by loading a nerve root 
with closers and IL neural tensioners may restore normal func-
tions of the nerve.

The changes seen in DTRs, MMT, and neurodynamic testing 
may be a result of the initial opening techniques of the lum-
bar foramen thereby taking compression off the nerve root and 
reducing its’ mechanosensitivity.5,10 Ongoing compression 
forces on a nerve root disrupt circulation to the nerve, which in 
turn causes impaired neural function as seen with diminished 
reflexes and myotomal weakness. It is for this reason that it is 
key that forces on a nerve are not greater than the amount the 
nerve can tolerate [11,12].
 
Forces on the nerve root can further be unloaded by taking ten-
sion off the IL nerve root by putting tension on the CL nerve 
root. Cadaver studies found that manual tension to the L5 nerve 
root resulted in a loosening of the opposite nerve root. This is 
due to the orientation of the lumbar nerve roots in relation to 
the lumbar foramen and spinal cord, whereas, tension on one 
nerve root results in a downward movement of the spinal cord, 
thereby putting the opposite nerve root on slack [4].
 
Conversely, it is normal for a nerve root to have a certain de-
gree of tension, therefore, gradual loading of the IL nerve root 
is necessary to regain normal neural mechanics. Neural mobili-
zation where gradual tension is added to IL nerve root intermit-
tently may not only reduce the patient’s subjective complaints 
of pain, but may restore the normal physiology and mechanical 
function of the nerve. 

Limitations
This case series is limited in its small sample size and lack of 
quantitative data to include but not limited to lumbar range of 
motion, SLR measurements, and outcome measures. Measure-
ments of DTRs, MMT, and neurodynamic testing including ST 
and SLR were performed manually vs by goniometer, dyna-
mometer, or software.

Table 2: DTRS of the Left (L) and Right (R) Patellar (L4) and 
Achilles Tendons (S1).

Patient Initial Evaluation Progress Note Discharge

1 L: L4/S1=2/2
R: L4/S1=2/2

NA L: L4/S1=2/2
R: L4/S1=2/2

2 L: L4/S1=2/1
R: L4/S1=2/2

L: L4/S1=2/2
R: L4/S1=2/2

L: L4/S1=2/2
R: L4/S1=2/2

3 L: L4/S1=2/1
R: L4/S1=2/2

L: L4/S1=2/2
R: L4/S1=2/2

L: L4/S1=2/2
R: L4/S1=2/2

4 L: L4/S1=2/2
R: L4/S1=2/1

L: L4/S1=2/2
R: L4/S1=2/1

L: L4/S1=2/2
R: L4/S1=2/2

Table 3: Myotomal Weakness with MMT of the Bilateral 
Lower Extremities.

Patient Initial Evaluation Progress Note Discharge

1 L knee flex=4/5
L great toe ext=4/5

NA L knee flex=5/5
L great 
toe ext=5/5

2 L great 
toe ext=4/5

L great
toe ext=5/5

L great 
toe ext=5/5

3 No myotomal 
weakness

No myotomal 
weakness

No myotomal 
weakness

4 R great toe ext=4/5 R great 
toe ext=5/5

R great 
toe ext=5/5

Table 4: Neurodynamic Testing and Responses to ST and SLR.

Patient Initial 
Evaluation

Progress Note Discharge

1 Covert L ST
Covert L SLR

NA Normal L ST
Normal L SLR

2 Normal L ST
Covert L SLR

Normal L ST
Normal L SLR

Normal L ST
Normal L SLR

3 Normal L ST
Covert L SLR

Normal L ST
Overt L SLR

Normal L ST
Normal L SLR

4 Overt R ST
Overt R SLR

Covert R ST
Covert R SLR

Normal R ST
Normal R SLR

Myotomal weakness found with MMT of the bilateral lower 
extremities are shown in Table 3. MMT included bilateral hip 
flexion (L1/L2), knee extension (L3/L4), knee flexion (L5/S1), 
ankle dorsiflexion (L4/L5), ankle plantarflexion (S1/S2) ankle 
inversion (L4), ankle eversion (L5/S1), and great toe exten-
sion (L5) [9]. Any myotomal weakness found with MMT in-
volved the L5 or S1 nerve roots. One patient did not present 
with any myotomal weakness at the initial evaluation, progress 
note, or discharge. Another patient had weakness with both L 
knee flexion and L great toe extension equal to 4/5 indicating 
involvement of both his L5 and S1 nerve roots that resolved 
by discharge. Two patients had weakness with great toe exten-
sion equal to 4/5 at initial evaluation that was normal or equal 
to 5/5 by the following progress note, and remained normal at 
discharge.

Neurodynamic responses to both the ST and SLR are shown 
in Table 4. Two of the patients presented with abnormal re-
sponses to the ST at the initial evaluation, one of which was 
covert and one overt. All four patients presented with abnormal 
responses to the SLR at the initial evaluation, three covert and 
one overt. One of the patients had both a normal ST and SLR at 
their progress note. One patient went from a covert to an overt 
response with SLR testing, and another went from overt re-
sponses with ST and SLR to covert responses. All patients had 
normal responses to both the ST and SLR upon their discharge.

charge with normal or grade 2 DTRs. Two patients presented 
with a grade 1 or diminished reflex to their L Achilles tendon 
at the initial evaluation, but was normal or grade 2 at both the 
progress note and discharge. One patient presented at both the 
initial evaluation and progress note with a grade 1 or dimin-
ished R Achilles tendon reflex, which was normal or grade 2 
at discharge.
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Conclusions
This case series may help physical therapists make clinical 
decisions in regards to neural mobilization progressions. The 
concept of unloading and reducing compressive forces on the 
nerve root is not new, but standardization for progressions of 
treatment has not been established. Use of CL neural tension-
ers to reduce tension on the IL or symptomatic nerve root is 
comfortable for the patient and may increase compliance for 
treatment. Loading of a nerve root through compression and 
IL neural tensioning is implemented when the patient does not 
have a reproduction of their symptoms, and helps restore nor-
mal neural function. Further studies are necessary to determine 
effectiveness in live subjects.


