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Abstract

Objectives: The aim of this study is to examine the effect of spinal manipulation (SMT) compared with spinal mobilization (MOB)
on pain, disability, quality of life, sciatica and general perception of recovery in individuals with lumbar disk herniation with radicu-
lopathy (LDHR).
Methods: A total of 40 individuals with LDHR will be randomly allocated into 2 groups; 20 participants each in SMT and MOB groups.
Each participant will be assessed at baseline, 6 and 12 weeks of intervention. Outcomes will also be assessed at 6th and 12th months
of follow-up. Outcomes to be assessed will include pain (VAS), functional disability (RMDQ - Rolland Morris disability questionnaire),
sciatica bothersomeness index (SBI), sciatica frequency index (SFI), quality of life (SF-36), general perception of recovery (GROC) and
objective functional impairment (TUG-timed up and go test).
Discussion: This trial will determine the difference in outcomes between spinal manipulative therapy and spinal mobilization
groups in individuals with LDHR.
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1. Background

Lumbar disc herniation with radiculopathy (LDHR) is
a common problem that affects people globally. The true
incidence of symptomatic LDHR is yet to be adequately es-
tablished because of the disagreement about what consti-
tutes a typical disc herniation and inability to quantify the
specific population at risk (1). In addition, the whole natu-
ral history of this disorder is also poorly described however
some studies (2, 3) suggest that a significant proportion of
patients with lumbar disc lesion will develop spontaneous
recovery without significant therapeutic interventions.

LDHR is treated with various therapies that run the
spectrum from well-constructed surgeries (4) to non-
surgical care (5) and a combination of many therapies (6).
Perhaps the reasons there are so many different treatment
strategies for LDHR is that none of them seems to work all
of the time. One of the problems inherent to treating pa-
tients with LDHR is the difficulty determining which inter-

ventions to apply to which patients. However, there are
no standardized guidelines for appropriate non-operative
care, which suggest that more treatment options are ur-
gently needed to ameliorate LDHR (6).

Studies (7, 8) demonstrate that most patients with
LDHR have signs of joint dysfunction at the level and on the
sides of the dysfunction and thus, they have indications for
manipulation at the involved level and there is overwhelm-
ing evidence (9-18) that patients with lumbar radiculopa-
thy can be treated with manipulation without adverse re-
action beyond the occasional short-term increase in pain.
In spite of this, LDHR particularly in the acute stage can be
very volatile with the pain easily provoked in response to
spinal manipulation and some authors (11, 12, 19-21) have
even gone as far as to dissuade the use of spinal manip-
ulation in the presence of neurological symptoms due to
the possible risk of increased herniation or a threat to caus-
ing cauda equina syndrome (CES) (22-25) which have been
stated as the leading cause of claims against chiropractors
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(26). Thankfully, a systematic review and risk assessment
of the literature (27) have assessed the risk of spinal ma-
nipulation leading to a symptomatic disk lesion or CES in
patients presenting with LDH from the published studies
to be fewer than 1 in 3.7 million which advocated the ap-
parent safety of spinal manipulation in the management
of the condition.

On the other hand, spinal mobilization may be useful
in the management of LDHR as it is less likely to cause a
flare-up of pain in many cases compared to spinal manipu-
lation and many studies (19, 28-30) have reported its thera-
peutic efficacy. However, despite the overwhelming liter-
ature reporting the therapeutic efficacy of spinal manip-
ulation and mobilization individually, there seems to be
a scarcity of evidence that compared the efficacy of both
techniques in individuals with LDHR. Therefore, the iden-
tification of groups of patients with LDHR who respond fa-
vorably to either manipulation or mobilization has been
deemed a research priority. In addition, the patient’s safety
and well-being should always be prioritized in any clin-
ical setting. For these reasons, this study would like to
investigate the effect of spinal manipulation compared
with spinal mobilization in the management of individ-
uals with LDHR. The major hypothesis of the study was
stated as: “there will be no significant difference between
spinal manipulation and spinal mobilization in pain, dis-
ability and other outcomes in the management of individ-
uals with LDHR”.

2. Methods

2.1. Study Design and Setting

This study will be designed as a double-blind ran-
domized clinical trial (RCT). Ethical approval to conduct
this study was obtained from the Health Research Ethics
Committee of Federal Medical Centre (FMC), Nguru, Yobe
State, Nigeria with the following File Reference Number:
FMC/N/CL.SERV/355/VOL IV/131. Trial registration was done
in the Pan African Clinical Trial Registry (Registration Num-
ber: PACTR201812840142310).

2.2. Eligibility Criteria

Participants with back and leg pains who were diag-
nosed with sub-acute LDHR will be included in the study.
Sub-acute individuals will be selected because of the be-
lief that acute LDHR may resolve spontaneously within a
few weeks of onset (2, 3). The criteria for inclusion will be;
patients with an age range of 25 - 55 years having unilat-
eral radiculopathy and pain in the distribution of the sci-
atic nerve. The pain will be accepted as evidence of L5 root
compression when distributed to the anterolateral aspect
of calf and to the dorsum of the foot and as evidence to S1

root compression when distributed to the posterior aspect
of calf extending to the heel and lateral aspect of the foot. If
pain did not extend below the ankle, at least one additional
neurological sign will be required for the patient to be in-
cluded. These signs are; painful passive knee flexion, weak-
ness of resisted hip flexion and resisted knee extension and
absence or sluggishness of knee jerk reflex for L2/L3 nerve
roots, hypoesthesia in the dorsum of the foot, weakness of
dorsiflexion of foot or first toe and impaired medial ham-
string reflex for the L4/L5 nerve roots, hypoesthesia at the
lateral aspect of the foot, weakness of the plantar flexion
of the foot or first toe, impaired Achilles tendon reflex and
painless weakness on resisted eversion for the L5/S1 nerve
roots, gluteal mass wasting and weakness on tiptoeing on
the affected leg for the S1/S2 nerve roots.

The exclusion criteria will be; subjects diagnosed with
dementia or other cognitive impairment, subjects diag-
nosed with claudication, inflammatory or other specific
disorders of spine such as ankylosing spondylitis, verte-
bral collapse, rheumatoid arthritis, stenosis, spondylolis-
thesis, osteoporosis, previous spinal surgery, a known
pregnancy, bilateral radiculopathy, and presence of red
flags (history of significant trauma, cancer, constitutional
symptoms; fever, malaise, weight loss, recent infection,
bladder and/or bowel dysfunction).

2.3. Sample Size Estimation

The sample size that will be used in this study was cal-
culated using G*Power version 3.1. The effect size (ES) used
for calculating the sample size was obtained from the pre-
vious study (31) using pain as the primary outcome. The
probability level (α), the power (p) and the effect size (ES)
used for the calculation were then set at 0.05, 0.95 and 1.3,
respectively which yielded a sample size of 17 participants
per group (total sample size was 34) using Independent t-
test for between-group analysis. In addition, a 20% attri-
tion rate was adjusted which brings the total sample size
to 40.

2.4. Randomization and Concealment

Eligible participants who provide informed consent
will be randomized into one of two treatment groups;
spinal manipulation or mobilization. A randomization
timeline will be prepared by a research assistant who will
not have communication with any participant throughout
the trial and will be unaware of the recruitment, screening,
assessment, enrolment or treatment process. The random-
ization series will be created by the use of SAS 9.4 statistical
software (Cary, NC, USA) with the participants likely to be
assigned to a group with an equal chance of allocation. See
Figure 1 for the study flow chart.
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Figure 1. Overview of participants flow through the trial

2.5. Study Team

The study team will consist of four orthopedic physio-
therapists (OPTs) and one neurologist. Two OPTs will ad-
minister the techniques independently to the two study
groups. One of the remaining two OPTs will act as a re-
search assistant while the other will work with the neurol-
ogist to screen participants for eligibility.

2.6. Intervention Procedure

There will be two intervention groups in this study.
One of the groups (Group A) will receive spinal manipu-
lative therapy (SMT) while the other group (Group B) will
receive spinal mobilization (MOB). In addition, each treat-
ment group will receive neural mobilization exercises as
adjunct therapies. The full intervention protocol will be de-
scribed below:

2.6.1. Group A

Participants in this group will receive the spinal ma-
nipulative therapy (SMT) protocol. The SMT will consist
of high-velocity, low-amplitude manipulative technique,
which is commonly employed for this type of disorder (8,
16, 28, 32). The full spinal manipulative therapy protocol re-
quires that the patient lies on the side with the affected leg

uppermost. The physiotherapist (PT) will hook the promi-
nence of the spinous process of the inferior vertebra of the
involved motion segment and then applies traction to pull
out a tissue and/or joint slack. This will be aided by a down-
ward force directed through the PT’s knee to assist in stabi-
lizing the spine of the patient. The other hand’s middle fin-
ger of the therapist will be used to block the transverse pro-
cess of the superior vertebra. Rotation will be minimized,
with extension motion limited from semiflexion to neu-
tral, just like in the previous studies (28, 32). The thrust will
be delivered by the hand which is in contact with the pa-
tient’s spine and with the body drop of the therapist.

2.6.2. Group B

Participants in this group will receive spinal mobiliza-
tion (MOB) using Mulligan’s (33) protocol. This technique
will be performed with the participant in a side-lying posi-
tion, with the affected leg uppermost. The participant will
be lying facing the treating therapist, and an assistant ther-
apist will be holding the affected leg. The treating therapist
will then flex over the participant and place one thumb re-
inforced over the other on the prominence of the affected
vertebra as palpated by taking the posterior superior iliac
crest as the reference zone. The therapist will then push
down on the chosen spinous process of the affected verte-
bra and maintain the pressure while the participant will be
asked to actively perform straight leg raise (SLR) for the leg
held by the assistant therapist if there is not too much dis-
comfort. The position will be maintained for some time,
after which the therapist will release the pressure on the
spinous process and the participant will be asked to lower
his/her supporting leg down to the couch. During first
visit, three repetitions will be applied. On the subsequent
visits as the participant improves, the assistant therapist
will apply over-pressure on the supported leg of the par-
ticipant as he/she performs the SLR. This will be also sus-
tained for some time after which the leg will be lowered to
the starting position. Six repetitions will be given on the
subsequent visits.

2.7. Neural Mobilization Exercises

Neural mobilization exercises will be conducted by car-
rying out straight leg raise (SLR) to induce tension in the
sciatic nerve. The SLR technique will be conducted as per
the guidelines of Butler, and Jones (34). The participant will
be in the supine position and comforted with pillows. The
therapist will stand on the side to be treated, and raise the
affected side perpendicular to the bed with one hand on
the popliteal fossa and the other on the patella until sci-
atic nerve pain is provoked. The limb will then be taken
down some few degrees from this painful position. The
therapist will start to stretch (mobilize) the sciatic nerve
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by a series of oscillatory movements toward the ankle dor-
siflexion and then reassess progress. To create further ten-
sion (i.e., sensitization) into the proximal segment of the
affected nerve, hip adduction, and internal rotation will
be added to the SLR. Many repetitions will be performed
depending on the participant’s responses and tolerance.
As the symptom improves, the range of motion will be in-
creased until the maximum range of SLR is obtained (35).
The position will be held for 30 seconds and a total of 5
repetitions will be conducted. Each participant will receive
two sessions a week for twelve weeks.

2.8. Outcomes Assessment

2.8.1. Pain

Visual analogue scale (VAS) will be used to assess pain
intensities in the leg and back. These will be done by ask-
ing the participants to complete the entire questionnaires
at the beginning of the study (baseline assessment). Out-
comes will also be assessed at 6 and 12 weeks, after which
participants will be discharged home and placed on thera-
peutic exercises as a home regimen. Participants will also
be followed up at 6 and 12 months post-intervention. VAS
has been shown to have a high inter-observer reliability co-
efficient (r = 0.88) (36).

2.8.2. Disability

Functional disability will be assessed using the
Rolland-Morris disability questionnaire (RMDQ). This
will be done by asking the participants to complete the
questionnaire at the beginning of the study (baseline
assessment). Outcomes will also be assessed at 6 and 12
weeks after which participants will be discharged home
and placed on therapeutic exercises as a home regimen.
Participants will also be followed up at 6 and 12 months
post-intervention. RMDQ has a documented high level of
internal consistency reliability (Cronbach’s alpha of 0.87),
test-retest reliability (ICC of 0.9) construct validity, and
responsiveness to change (37).

2.8.3. Sciatica

Sciatica bothersomeness will be assessed using the sci-
atica bothersomeness index (SBI) and sciatica frequency
will be assessed using the sciatica frequency index (SFI).
These will be done by asking the participants to complete
the entire questionnaires at the beginning of the study
(baseline assessment). Outcomes will also be assessed at
6 and 12 weeks after which participants will be discharged
home and placed on therapeutic exercises as a home reg-
imen. These questionnaires have a high level of internal
consistency reliability (Cronbach’s alpha of 0.74 for SBI and
0.70 for SFI) and test-retest reliability (ICC of 0.86 for SBI
and 0.90 for SBI) (38).

2.8.4. Quality of Life

Quality of life will be assessed using the health survey
(SF-36) questionnaire. This will be done by asking the par-
ticipants to complete the questionnaire at the beginning
of the study (baseline assessment). Outcomes will also be
assessed at 6 and 12 weeks, after which participants will
be discharged home and placed on therapeutic exercises
as a home regimen. Participants will also be followed up
at 6 and 12 months post-intervention. Extensive testing
has established the psychometric properties of the SF-36.
Most studies demonstrate that reliability estimates for the
whole test exceed the recommended minimum value of
0.70, with figures typically over 0.80. Reliability estimates
for the physical health scale and the mental health scale
usually exceed 0.90 (39).

2.8.5. General Perception of Recovery

The overall perception of change of care in each par-
ticipant will be assessed using the global rating of change
(GROC) scale. This will be done by asking the partici-
pants to complete the questionnaire at the beginning of
the study (baseline assessment). Outcomes will also be as-
sessed at 6 and 12 weeks after which participants will be
discharged home and placed on therapeutic exercises as a
home regimen. Participants will also be followed up at 6
and 12 months post-intervention. This outcome scale has
been used in previous studies (40-42) and has been proven
reliable (ICC of 0.90) and responsive to change (43).

2.8.6. Timed Up and Go Test (TUG)

This test will be used to objectively measure the func-
tional impairments of the participants. It will be per-
formed with a high chair with back and armrests. Partic-
ipants will begin by sitting down and leaning back in the
chair. The participants will rise from the chair by using the
arms for support following the command “go”. The partic-
ipants will walk 3 meters in a straight line at their usual
speed and then return to the chair and sit down. A stop-
watch will be used to measure the time taken to complete
the task. The task duration will measure up to the moment
when the participants will lean back in the chair again.
Outcomes will be assessed at baseline, 6 and 12 weeks, after
which participants will be discharged home and placed on
therapeutic exercises as a home regimen. Participants will
also be followed up at 6 and 12 months post-intervention.
TUG has been shown to have a high inter-observer reliabil-
ity coefficient (r = 0.99) and intra-class correlation coeffi-
cient (r = 0.97) (44).

2.9. Statistical Consideration

Data obtained from this study will be analyzed us-
ing SPSS version 20.0 software (SPSS Inc., Chicago, Illinois,
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USA). The demographics and clinical parameters of the par-
ticipants will be summarized using descriptive statistics.
The normality of the data will be assessed using Shapiro-
Wilk statistics. Participants’ characteristics will be com-
pared at baseline using Independent t-test. Levene’s test
will be used to assess the homogeneity of variances be-
tween groups. Repeated measures ANOVA with the inter-
vention (SMT and MOB) as the between-subject variable
and time (baseline, weeks 6 and 12, months 6 and 12) as
the within-subject variable will be used to analyze treat-
ment effects. The dependent variables to be analyzed will
be the RMDQ, VAS for leg, VAS for back, SBI, SFI, SF-36,
and GROC. When significant intra-group differences are
detected by ANOVA, Bonferroni post-hoc analysis of vari-
ance will be used to assess differences across timelines.
Two-way ANOVA with groups and timelines as independent
variables (factors), will be used to measure between-group
interactions and effects across timelines (weeks 6 and 12,
months 6 and 12). The data will be analyzed according to
the intention to treat analysis by carrying the last available
score forward. Differences between the means will be con-
sidered at 5% probability level (P < 0.05) and the value of
confidence interval (CI) will set at 95%.

3. Results

In this randomized clinical trial, we aim to compare
the effect of spinal manipulation and spinal mobilization
in individuals with LDHR. We hypothesized that partici-
pants who will receive spinal manipulation will not be sig-
nificantly better than those who will receive spinal mobi-
lization on all outcomes. We will be testing this hypothesis
in participants with sub-acute LDHR. This agreement was
made to prevent inclusion of participants who may resolve
their symptoms spontaneously due to the natural healing
of the disc which is usually in the acute phase (45).

This study will be utilizing several outcome measures
to track participants’ progression throughout the study
period and data will be taken at baseline, 6th and 12th
weeks. Participants will be discharged home after the 12th
week of intervention and then placed on therapeutic exer-
cises as a home regimen. Outcomes will also be assessed at
6th and 12th months of follow-up.

Due to the nature of the interventions, the treating
physiotherapists will not be blinded in this trial. How-
ever, therapists will be blinded to group allocation and
outcomes assessment. In addition, therapists and partic-
ipants will also be notified about the quality of both treat-
ment arms and be informed that each arm has a positive in-
fluence on lumbar disc herniation and there is no existing
evidence to suggest that one treatment approach is better
than the other. We are determined to finish recruitment

for the study by the end of 2019, with the one-year follow-
up data expected to end by December 2020.

Footnotes

Clinical Trial Registration Code: Pan African Clinical
Trial Registry: PACTR201812840142310.

Conflict of Interests: We declare that we do not have any
conflict of interest.

Funding/Support: This study did not receive any funding.

References

1. Buttermann GR. Treatment of lumbar disc herniation: epidural
steroid injection compared with discectomy. A prospective, random-
ized study. J Bone Joint SurgAm. 2004;86(4):670–9. [PubMed: 15069129].

2. JAMA. Surgical treatment of lumbar disk lesions. J Am Med Assoc.
1951;146(8):732. doi: 10.1001/jama.1951.03670080040012.

3. Schoenfeld AJ, Weiner BK. Treatment of lumbar disc herniation:
Evidence-based practice. Int J Gen Med. 2010;3:209–14. [PubMed:
20689695]. [PubMed Central: PMC2915533].

4. Jacobs WC, Arts MP, van Tulder MW, Rubinstein SM, van Middelkoop
M, Ostelo RW, et al. Surgical techniques for sciatica due to herni-
ated disc, a systematic review. Eur Spine J. 2012;21(11):2232–51. doi:
10.1007/s00586-012-2422-9. [PubMed: 22814567]. [PubMed Central:
PMC3481105].

5. Hahne AJ, Ford JJ, McMeeken JM. Conservative management of
lumbar disc herniation with associated radiculopathy: A sys-
tematic review. Spine (Phila Pa 1976). 2010;35(11):E488–504. doi:
10.1097/BRS.0b013e3181cc3f56. [PubMed: 20421859].

6. Dan-Azumi MS, Bello B, Rufai SA, Abdulrahman MA. Surgery ver-
sus conservative management for lumbar disc herniation with
radiculopathy: A systematic review and meta-analysis. J Health Sci.
2018;8(1):42–53. doi: 10.17532/jhsci.2018.479.

7. Murphy DR, Hurwitz EL, Gregory A, Clary R. A nonsurgical ap-
proach to the management of patients with cervical radiculopa-
thy: A prospective observational cohort study. J Manipulative Phys-
iol Ther. 2006;29(4):279–87. doi: 10.1016/j.jmpt.2006.03.005. [PubMed:
16690382].

8. Murphy DR, Hurwitz EL, McGovern EE. A nonsurgical approach
to the management of patients with lumbar radiculopathy sec-
ondary to herniated disk: A prospective observational cohort study
with follow-up. J Manipulative Physiol Ther. 2009;32(9):723–33. doi:
10.1016/j.jmpt.2009.10.007. [PubMed: 20004799].

9. Bergmann TF, Jongeward BV. Manipulative therapy in lower back
pain with leg pain and neurological deficit. JManipulative Physiol Ther.
1998;21(4):288–94. [PubMed: 9608384].

10. Burton AK, Tillotson KM, Cleary J. Single-blind randomised controlled
trial of chemonucleolysis and manipulation in the treatment of
symptomatic lumbar disc herniation. Eur Spine J. 2000;9(3):202–7.
doi: 10.1007/s005869900113. [PubMed: 10905437]. [PubMed Central:
PMC3611397].

11. Cassidy JD, Thiel HW, Kirkaldy-Willis WH. Side posture manipulation
for lumbar intervertebral disk herniation. J Manipulative Physiol Ther.
1993;16(2):96–103. [PubMed: 8445360].

12. Liu J, Zhang S. Treatment of protrusion of lumbar intervertebral
disc by pulling and turning manipulations. J Tradit Chin Med.
2000;20(3):195–7. [PubMed: 11038982].

13. Dougherty P, Bajwa S, Burke J, Dishman JD. Spinal manipulation
postepidural injection for lumbar and cervical radiculopathy: A ret-
rospective case series. J Manipulative Physiol Ther. 2004;27(7):449–56.
doi: 10.1016/j.jmpt.2004.06.003. [PubMed: 15389176].

Middle East J Rehabil Health Stud. 2019; 6(3):e92770. 5

http://www.ncbi.nlm.nih.gov/pubmed/15069129
http://dx.doi.org/10.1001/jama.1951.03670080040012
http://www.ncbi.nlm.nih.gov/pubmed/20689695
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2915533
http://dx.doi.org/10.1007/s00586-012-2422-9
http://www.ncbi.nlm.nih.gov/pubmed/22814567
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3481105
http://dx.doi.org/10.1097/BRS.0b013e3181cc3f56
http://www.ncbi.nlm.nih.gov/pubmed/20421859
http://dx.doi.org/10.17532/jhsci.2018.479
http://dx.doi.org/10.1016/j.jmpt.2006.03.005
http://www.ncbi.nlm.nih.gov/pubmed/16690382
http://dx.doi.org/10.1016/j.jmpt.2009.10.007
http://www.ncbi.nlm.nih.gov/pubmed/20004799
http://www.ncbi.nlm.nih.gov/pubmed/9608384
http://dx.doi.org/10.1007/s005869900113
http://www.ncbi.nlm.nih.gov/pubmed/10905437
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3611397
http://www.ncbi.nlm.nih.gov/pubmed/8445360
http://www.ncbi.nlm.nih.gov/pubmed/11038982
http://dx.doi.org/10.1016/j.jmpt.2004.06.003
http://www.ncbi.nlm.nih.gov/pubmed/15389176
http://jrehabilhealth.com


Danazumi MS et al.

14. Floman Y, Liram N, Gilai AN. Spinal manipulation results in im-
mediate H-reflex changes in patients with unilateral disc hernia-
tion. Eur Spine J. 1997;6(6):398–401. doi: 10.1007/bf01834067. [PubMed:
9455668]. [PubMed Central: PMC3467729].

15. Morris CE. Chiropractic rehabilitation of a patient with S1 radiculopa-
thy associated with a large lumbar disk herniation. J Manipulative
Physiol Ther. 1999;22(1):38–44. [PubMed: 10029949].

16. Santilli V, Beghi E, Finucci S. Chiropractic manipulation in the treat-
ment of acute back pain and sciatica with disc protrusion: A random-
ized double-blind clinical trial of active and simulated spinal ma-
nipulations. Spine J. 2006;6(2):131–7. doi: 10.1016/j.spinee.2005.08.001.
[PubMed: 16517383].

17. Quon JA, Cassidy JD, O’Connor SM, Kirkaldy-Willis WH. Lumbar inter-
vertebral disc herniation: Treatment by rotational manipulation. J
Manipulative Physiol Ther. 1989;12(3):220–7. [PubMed: 2638571].

18. Hession EF, Donald GD. Treatment of multiple lumbar disk hernia-
tions in an adolescent athlete utilizing flexion distraction and ro-
tational manipulation. J Manipulative Physiol Ther. 1993;16(3):185–92.
[PubMed: 8492063].

19. Maitland GD, Hengeveld E, Banks K, English K. Maitland’s vertebralma-
nipulation. Edinburgh: Elsevier Butterworth-Heinemann; 2005.

20. Mulligan BR. Spinal mobilisations with leg movement (further mo-
bilisations with movement). JManualManipulative Ther. 2013;3(1):25–7.
doi: 10.1179/jmt.1995.3.1.25.

21. Mulligan BR. Update on spinal mobilisations with leg movement. J
ManualManipulative Ther. 2013;5(4):184–7. doi: 10.1179/jmt.1997.5.4.184.

22. Rivett DA, Milburn P. Complications arising from spinal manipula-
tive therapy in New Zealand. Physiotherapy. 1997;83(12):626–32. doi:
10.1016/s0031-9406(05)65929-9.

23. Rydell N, Raf L. [Spinal manipulation–treatment associated with
a high risk of complications]. Lakartidningen. 1999;96(34):3536–40.
Swedish. [PubMed: 10492558].

24. Assendelft WJ, Bouter LM, Knipschild PG. Complications of spinal ma-
nipulation: A comprehensive review of the literature. J Fam Pract.
1996;42(5):475–80. [PubMed: 8642364].

25. Powell FC, Hanigan WC, Olivero WC. A risk/benefit analysis of
spinal manipulation therapy for relief of lumbar or cervical pain.
Neurosurgery. 1993;33(1):73–8. discussion 78-9. doi: 10.1227/00006123-
199307000-00011. [PubMed: 8355850].

26. Jagbandhansingh MP. Most common causes of chiropractic malprac-
tice lawsuits. J Manipulative Physiol Ther. 1997;20(1):60–4. [PubMed:
9004124].

27. Oliphant D. Safety of spinal manipulation in the treatment of lumbar
disk herniations: A systematic review and risk assessment. J Manipu-
lative Physiol Ther. 2004;27(3):197–210. doi: 10.1016/j.jmpt.2003.12.023.
[PubMed: 15129202].

28. Cox JM, Hazen LJ, Mungovan M. Distraction manipulation reduction
of an L5-S1 disk herniation. J Manipulative Physiol Ther. 1993;16(5):342–
6. [PubMed: 8345318].

29. Lopez-Diaz JV, Arias-Buria JL, Lopez-Gordo E, Lopez Gordo S, Oyarzun
AP. "Effectiveness of continuous vertebral resonant oscillation us-
ing the POLD method in the treatment of lumbar disc hernia". A
randomized controlled pilot study. Man Ther. 2015;20(3):481–6. doi:
10.1016/j.math.2014.11.013. [PubMed: 25511449].

30. Das MS, Dowle P, Iyengar R. Effect of spinal mobilization with leg
movement as an adjunct to neural mobilization and conventional
therapy in patients with lumbar radiculopathy: Randomized con-
trolled trial. J Med Sci Res. 2018;6(1):11–9. doi: 10.17727/jmsr.2018/6-3.

31. Yadav S, Nijhawan MA, Panda P. Effectiveness of spinal mobilization
with leg movement (SMWLM) in patients with lumbar radiculopa-
thy (L5 / S1 nerve root) in lumbar disc herniation. Int J Physiother Res.
2014;2(5):712–8.

32. McMorland G, Suter E, Casha S, du Plessis SJ, Hurlbert RJ. Manip-
ulation or microdiskectomy for sciatica? A prospective random-
ized clinical study. J Manipulative Physiol Ther. 2010;33(8):576–84. doi:

10.1016/j.jmpt.2010.08.013. [PubMed: 21036279].
33. Peterson CK, Leemann S, Lechmann M, Pfirrmann CW, Hodler

J, Humphreys BK. Symptomatic magnetic resonance imaging-
confirmed lumbar disk herniation patients: A comparative
effectiveness prospective observational study of 2 age- and sex-
matched cohorts treated with either high-velocity, low-amplitude
spinal manipulative therapy or imaging-guided lumbar nerve
root injections. J Manipulative Physiol Ther. 2013;36(4):218–25. doi:
10.1016/j.jmpt.2013.04.005. [PubMed: 23706678].

34. Prather H, Cheng A, Steger-May K, Maheshwari V, Van Dillen L. Hip
and lumbar spine physical examination findings in people present-
ing with low back pain, with or without lower extremity pain. J Or-
thop Sports Phys Ther. 2017;47(3):163–72. doi: 10.2519/jospt.2017.6567.
[PubMed: 28158964].

35. Hall T, Beyerlein C, Hansson U, Lim HT, Odermark M, Sainsbury D. Mul-
ligan traction straight leg raise: A pilot study to investigate effects on
range of motion in patients with low back pain. JManualManipulative
Ther. 2013;14(2):95–100. doi: 10.1179/106698106790820782.

36. Boonstra AM, Schiphorst Preuper HR, Reneman MF, Posthumus JB,
Stewart RE. Reliability and validity of the visual analogue scale for
disability in patients with chronic musculoskeletal pain. Int J Rehabil
Res. 2008;31(2):165–9. doi: 10.1097/MRR.0b013e3282fc0f93. [PubMed:
18467932].

37. Atlas SJ, Keller RB, Chang Y, Deyo RA, Singer DE. Surgical and nonsur-
gical management of sciatica secondary to a lumbar disc herniation:
Five-year outcomes from the Maine Lumbar Spine Study. Spine (Phila
Pa 1976). 2001;26(10):1179–87. [PubMed: 11413434].

38. Grovle L, Haugen AJ, Keller A, Natvig B, Brox JI, Grotle M. Reliabil-
ity, validity, and responsiveness of the Norwegian versions of the
Maine-Seattle Back Questionnaire and the Sciatica Bothersomeness
and Frequency Indices. Spine (Phila Pa 1976). 2008;33(21):2347–53. doi:
10.1097/BRS.0b013e31818047d6. [PubMed: 18827701].

39. Ware J Jr, Kosinski M, Keller SD. A 12-Item Short-Form Health Survey:
Construction of scales and preliminary tests of reliability and valid-
ity. Med Care. 1996;34(3):220–33. [PubMed: 8628042].

40. Weinstein JN, Lurie JD, Tosteson TD, Tosteson AN, Blood EA, Abdu
WA, et al. Surgical versus nonoperative treatment for lumbar disc
herniation: Four-year results for the Spine Patient Outcomes Re-
search Trial (SPORT). Spine (Phila Pa 1976). 2008;33(25):2789–800. doi:
10.1097/BRS.0b013e31818ed8f4. [PubMed: 19018250]. [PubMed Central:
PMC2756172].

41. Peul WC, van den Hout WB, Brand R, Thomeer RT, Koes BW, Leiden-The
Hague Spine Intervention Prognostic Study G. Prolonged conserva-
tive care versus early surgery in patients with sciatica caused by lum-
bar disc herniation: Two year results of a randomised controlled trial.
BMJ. 2008;336(7657):1355–8. doi: 10.1136/bmj.a143. [PubMed: 18502911].
[PubMed Central: PMC2427077].

42. Weinstein JN, Tosteson TD, Lurie JD, Tosteson AN, Hanscom B, Skinner
JS, et al. Surgical vs nonoperative treatment for lumbar disk hernia-
tion: The Spine Patient Outcomes Research Trial (SPORT): A random-
ized trial. JAMA. 2006;296(20):2441–50. doi: 10.1001/jama.296.20.2441.
[PubMed: 17119140]. [PubMed Central: PMC2553805].

43. Costa LO, Maher CG, Latimer J, Ferreira PH, Ferreira ML, Pozzi GC,
et al. Clinimetric testing of three self-report outcome measures for
low back pain patients in Brazil: Which one is the best? Spine (Phila
Pa 1976). 2008;33(22):2459–63. doi: 10.1097/BRS.0b013e3181849dbe.
[PubMed: 18923324].

44. Gautschi OP, Smoll NR, Corniola MV, Joswig H, Chau I, Hildebrandt
G, et al. Validity and reliability of a measurement of objective
functional impairment in lumbar degenerative disc disease: The
timed up and go (TUG) Test. Neurosurgery. 2016;79(2):270–8. doi:
10.1227/NEU.0000000000001195. [PubMed: 26702840].

45. Carragee E. Surgical treatment of lumbar disk disorders. JAMA.
2006;296(20):2485–7. doi: 10.1001/jama.296.20.2485. [PubMed:
17119147].

6 Middle East J Rehabil Health Stud. 2019; 6(3):e92770.

http://dx.doi.org/10.1007/bf01834067
http://www.ncbi.nlm.nih.gov/pubmed/9455668
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3467729
http://www.ncbi.nlm.nih.gov/pubmed/10029949
http://dx.doi.org/10.1016/j.spinee.2005.08.001
http://www.ncbi.nlm.nih.gov/pubmed/16517383
http://www.ncbi.nlm.nih.gov/pubmed/2638571
http://www.ncbi.nlm.nih.gov/pubmed/8492063
http://dx.doi.org/10.1179/jmt.1995.3.1.25
http://dx.doi.org/10.1179/jmt.1997.5.4.184
http://dx.doi.org/10.1016/s0031-9406(05)65929-9
http://www.ncbi.nlm.nih.gov/pubmed/10492558
http://www.ncbi.nlm.nih.gov/pubmed/8642364
http://dx.doi.org/10.1227/00006123-199307000-00011
http://dx.doi.org/10.1227/00006123-199307000-00011
http://www.ncbi.nlm.nih.gov/pubmed/8355850
http://www.ncbi.nlm.nih.gov/pubmed/9004124
http://dx.doi.org/10.1016/j.jmpt.2003.12.023
http://www.ncbi.nlm.nih.gov/pubmed/15129202
http://www.ncbi.nlm.nih.gov/pubmed/8345318
http://dx.doi.org/10.1016/j.math.2014.11.013
http://www.ncbi.nlm.nih.gov/pubmed/25511449
http://dx.doi.org/10.17727/jmsr.2018/6-3
http://dx.doi.org/10.1016/j.jmpt.2010.08.013
http://www.ncbi.nlm.nih.gov/pubmed/21036279
http://dx.doi.org/10.1016/j.jmpt.2013.04.005
http://www.ncbi.nlm.nih.gov/pubmed/23706678
http://dx.doi.org/10.2519/jospt.2017.6567
http://www.ncbi.nlm.nih.gov/pubmed/28158964
http://dx.doi.org/10.1179/106698106790820782
http://dx.doi.org/10.1097/MRR.0b013e3282fc0f93
http://www.ncbi.nlm.nih.gov/pubmed/18467932
http://www.ncbi.nlm.nih.gov/pubmed/11413434
http://dx.doi.org/10.1097/BRS.0b013e31818047d6
http://www.ncbi.nlm.nih.gov/pubmed/18827701
http://www.ncbi.nlm.nih.gov/pubmed/8628042
http://dx.doi.org/10.1097/BRS.0b013e31818ed8f4
http://www.ncbi.nlm.nih.gov/pubmed/19018250
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2756172
http://dx.doi.org/10.1136/bmj.a143
http://www.ncbi.nlm.nih.gov/pubmed/18502911
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2427077
http://dx.doi.org/10.1001/jama.296.20.2441
http://www.ncbi.nlm.nih.gov/pubmed/17119140
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2553805
http://dx.doi.org/10.1097/BRS.0b013e3181849dbe
http://www.ncbi.nlm.nih.gov/pubmed/18923324
http://dx.doi.org/10.1227/NEU.0000000000001195
http://www.ncbi.nlm.nih.gov/pubmed/26702840
http://dx.doi.org/10.1001/jama.296.20.2485
http://www.ncbi.nlm.nih.gov/pubmed/17119147
http://jrehabilhealth.com

	Abstract
	1. Background
	2. Methods
	2.1. Study Design and Setting
	2.2. Eligibility Criteria
	2.3. Sample Size Estimation
	2.4. Randomization and Concealment
	Figure 1

	2.5. Study Team
	2.6. Intervention Procedure
	2.6.1. Group A
	2.6.2. Group B

	2.7. Neural Mobilization Exercises
	2.8. Outcomes Assessment
	2.8.1. Pain
	2.8.2. Disability
	2.8.3. Sciatica
	2.8.4. Quality of Life
	2.8.5. General Perception of Recovery
	2.8.6. Timed Up and Go Test (TUG)

	2.9. Statistical Consideration

	3. Results
	Footnotes
	Clinical Trial Registration Code
	Conflict of Interests
	Funding/Support

	References

