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intervention: a case with low back related leg
pain
Shannon M. Petersen1,2, Daphne R. Scott3
1

Physical Therapy Program, Des Moines University, USA, 2Regis University Manual Therapy Fellowship Program,
USA, 3AthletiCo, USA

Low back pain and leg pain commonly occur together. Multiple factors can cause low back related leg
pain; therefore, identification of the source of symptoms is required in order to develop an appropriate
intervention program. The patient in this case presented with low back and leg pain. A patho-mechanism
based classification is described in combination with the patient’s subjective and objective examination
findings to guide treatment. The patient’s symptoms improved marginally with intervention addressing
primarily the musculoskeletal impairments and with intervention addressing primarily the neurodynamic
impairments. Full functional improvements were attained with a manual therapy intervention directed at
both mechanisms simultaneously. The approach described in this case address a mixed pathology utilizing
passive accessory and passive physiological lumbar mobilizations in combination with lower extremity
neurodynamic mobilization. The patient reported complete resolution of symptoms after a total of seven
visits over a period of 6 weeks. While specific guidelines do not yet exist for treatment based on the
classification approach utilized, this case report provides an example of manual therapy to address low
back related leg pain of mixed pathology.
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Posterior thigh pain occurs commonly in conjunction
with low back pain (LBP).1 Low back related leg pain
(LBRLP) is of clinical interest because it is a
predictor of high rates of sick leave from work and
is associated with development of chronic LBP and
disability.1–3 There are many potential sources of leg
pain in individuals with lumbar dysfunction including
musculoskeletal and neuromuscular mechanisms.4,5
Schäfer and colleagues have proposed a system for
classification of patients with LBRLP to guide intervention and improve outcomes.5 Inter-rater reliability
of this classification system has been shown to be
good.6 They5 recommend classification of patients into
one of four subgroups including: (1) central sensitization; (2) denervation; (3) peripheral nerve sensitization; or (4) musculoskeletal referred pain.
Central sensitization involves altered transmission
of information about pain by the nervous system
resulting in amplified responses to pain signals.7,8
This hypersensitivity may result in shooting or
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burning pain associated with allodynia and mechanical hyperalgesia;5,9 non-noxious stimuli may produce
responses that normally occur with noxious stimuli.8,10 Sensory and motor function may or may
not be impaired.9,10
Denervation involves impaired nerve function
secondary to Wallerian degeneration or demyelination.5,11,12 Altered nerve conduction can occur
following injury or with disease processes. Denervation results in pain, sensory or motor deficits, and
changes in reflexes.5,9,13
Peripheral nerve sensitization is caused by nerve
root or nerve trunk irritation. It is a condition in
which nerves exhibit an adverse response to mechanical stimulation14–16 and can be examined through
nerve palpation or neurodynamic tests.16 In cases of
peripheral nerve sensitization, neural mechanosensitivity may be accompanied by subtle changes in
sensory nerve function; however, no significant
neruological dysfunction is present upon examination.5,14,16
Musculoskeletal pain can be referred into the lower
extremity (LE) from various sources.4,5,17–19 Facet
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in intensity to 3/10 following sprinting and to 7/10
after 20 minutes of sitting. He reported that his job
required driving up to 2 hours at a time. The patient
stated that once aggravated, his symptoms would
dissipate within a few minutes of standing. He denied
LE weakness, paresthesias or bowel and bladder
changes. His Oswestry low back pain disability
questionnaire (OSW) score was 18/100, suggesting
minimal self report of disability.

Previous tests and interventions
The interpretation of plain film radiographs and
magnetic resonance imaging studies of the lumbar
spine were normal. Past interventions included two
lumbar epidural injections and a corticosteroid injection to the right sacroiliac joint; each provided 1 day of
relief. Previous physical therapy intervention consisted
of lumbar stabilization and stretching exercises which
did not relieve the patient’s symptoms. He denied use
of medication and denied any additional health
problems or significant past medical history.
Based on the subjective examination alone, there
was not enough information to determine the
pathologic mechanisms involved with the patient’s
complaints. Because he presented with posterior
thigh pain in conjunction with LBP, he was an
appropriate candidate for application of the classification system for LBRLP proposed by Schäfer and
colleagues.5 Although there were no subjective
complaints of sensory or motor changes, an objective
examination was required to determine if neurological or musculoskeletal involvement was present.
The Leeds assessment of neuropathic symptoms
and signs (LANSS) is a component of the LBRLP
classification system.5 The LANSS is a two-part
examination tool used to score sensory function and
has been shown reliable and valid in identification of
neuropathic pain.9 A score of 12/24 or greater is
associated with central sensitization.5 This patient’s
score for section A of the LANSS, the pain
questionnaire component, was 0/16.9 The score for
section B of the LANSS, the sensory component, was
0/8 yielding a composite LANSS score of 0/24.9

Figure 1 Body diagram depicting areas of symptoms as
described by the patient.

referral patterns into the LE have been determined
through diagnostic facet blocks in addition to radiofrequency denervation of the medial branches supplying the facet.17,20 Lumbar intervertebral discs have
also been shown to refer pain;4,21 noxious stimuli
applied to the disc itself can produce pain in the low
back, thigh, and lower leg.21 The hamstring muscle
can produce pain in the posterior thigh following
trauma, strain, or overuse.18,19 In cases of musculoskeletal causes of LE symptoms, physical examination stressing the musculoskeletal structures involved
should reproduce the patients’ symptoms.5
Although this classification has been found to be
reliable, its validity has not been established.6 There
is currently no literature describing application of this
classification system followed by intervention directed toward the patho-mechanisms indicated. The
purpose of this case report was to demonstrate
application of the classification system proposed by
Schäfer and colleagues5 to a patient with LBRLP and
to describe the intervention provided.

Patient characteristics
Chief complaint/onset
A 35-year-old male presented to physical therapy with
chronic low back and posterior thigh pain. He
attributed his symptoms to a weightlifting incident 2
years earlier while lifting a barbell from a squatted
position. He experienced no symptoms immediately but
pain began in the right low back and posterior thigh 1
week later. He denied any other trauma or change in
activity preceding symptom onset. This patient had no
prior history of LBP or LE pain. Despite current
symptoms, he reported regular participation in baseball, weight training, and cardiovascular conditioning.

Physical examination
Findings from the physical examination are summarized in Table 1.3,9,16,22–30 Although lumbar range of
motion (ROM) was found to be normal with singleplane movements, combined motion testing for
flexion and left lateral flexion reproduced LBP and
buttock symptoms. Repeated lumbar flexion and
extension in standing did not produce symptoms,3,22
but buttock pain was produced with repeated lumbar
flexion in supine. These symptoms were only present
at end-range and did not extend into the thigh. There
were no residual symptoms and no subsequent loss of
extension ROM.
Passive physiological intervertebral motion (PPIVM)
testing revealed hypomobility at the L4/L5 segment

Aggravating/relieving factors
He described his LBP as a mild ache that was
constantly present and increased in intensity to 3/10
with driving and following exercise. The patient’s
primary complaint was his LE symptoms, which he
described as a deep ache in the proximal third of the
right posterior thigh (Fig. 1). LE symptoms increased
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on the right with both flexion and left lateral flexion.23
This reproduced the patient’s LBP and right buttock
symptoms. Posterior to anterior (PA) intervertebral
joint examination revealed hypomobility at L4/L5
without symptoms.23,24 Pain was present upon palpation to the proximal hamstring although tissue texture
appeared symmetrical and there was no muscle
guarding. The sciatic nerve was palpated just lateral
to the ischial tuberosity26,27 and was painful on the
right.
Neurodynamics were examined using the straight
leg raise (SLR) and slump tests.16,30 The SLR was
measured at the onset of resistance as described by
Maitland,23 then continued through range until firm
resistance was encountered. Sensitizing maneuvers of
cervical flexion and ankle dorsiflexion were added to
the SLR test and did not elicit symptoms.16,29 The
slump test produced right posterior thigh pain with
the knee fully extended and the cervical spine flexed.
When overpressure was applied through the trunk
and the patient’s ankle was dorsiflexed, posterior
thigh pain was produced. In this provocative position, the patient was asked to extend the cervical
spine which resulted in a decrease in pain intensity.

Clinical impression
Based on the low LANSS score, central sensitization
was ruled out as the source of this patient’s LBRLP.
This conclusion was consistent with the patient’s
presentation since his signs and symptoms did not
include paresthesia, hyperesthesia, or hyperalgesia.
There was no adverse response to stimulating the skin
overlying the hamstring muscle or in the region where
the sciatic nerve was found to be tender to palpation,
but the proximal portion of the hamstring muscle was
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painful with palpation. Since the hamstring was not
painful with resisted testing or length testing, it is
possible that the pain with palpation to this muscle
was due to allodynia.5,9 The patient did not
demonstrate signs or symptoms associated with
denervation. He had no signs of hypoesthesia or
diminished sensation, his reflexes were normal and he
showed no signs of motor weakness. Based on the
lack of neurological deficit, it was determined that the
patient did not fit into the denervation classification.5
Classification into the peripheral nerve sensitization category requires neural mechanosensitivity
including sensitivity to mechanical pressure.5,16,27
This patient had pain with palpation to the sciatic
nerve on the involved side but presented with
inconsistent findings upon neurodynamic testing.
The SLR test did not elicit symptoms despite addition
of sensitizing maneuvers. The patient demonstrated
less motion on the involved compared to uninvolved
extremity, but had excessive mobility with the SLR
test on both lower extremities.30,31 The slump test
however did reproduce the patient’s symptoms. This
finding was consistent with his functional limitation
because the slump test position includes spinal and
LE positions similar to those involved with driving.
Because the patient’s symptoms were reproduced
with mechanical pressure to the nerve and the slump
test, his presentation of LBRLP fit into the peripheral
nerve sensitization classification.
The musculoskeletal classification was also appropriate for this patient. Right sided symptom reproduction with combined movements of lumbar flexion and
left lateral flexion is consistent with a regular opening
pattern for posterior structures on the right but this
position also increases the distance the neural tissue

Table 1 Summary of objective examination ﬁndings at initial visit
Examination procedure
Posture

Gait
Lumbar ROM
Hip ROM
Lumbar combined ROM
Repeated motion testing3,22
Lumbar PPIVM23
Lumbar PA23,24 accessory motion
SIJ provocative tests
Hip joint mobility
Flexibility 90/90 hamstring test25
Palpation26,27
Strength28
Neurological exam9
Neurodynamic tests16,23,29,30

Observations/measurements
No lumbar or LE deviations observed
Symmetrical weight-bearing
No lateral shift
Equal stance time and step length
No antalgia
Full
Full
Flexion with left LF*{
Lumbar flexion and extension in standing and lying{
Hypomobile at L4/L5 on the right with flexion and left LF*{
Hypomobile at L4/L5
Compression; distraction; sacral PA
Accessory motion testing normal
Full knee extension
Proximal hamstring{
Sciatic nerve{
Gross hip and knee strength normal
Specific hamstring strength normal
LE myotomes, deep tendon reflexes, and dermatomes intact
SLR right 110u; left 120u
Slump test{

Note: LE, lower extremity; ROM, range of motion; LF, lateral flexion; PPIVM, passive physiological intervertebral motion; PA, posterior to
anterior; SIJ, sacroiliac joint; SLR, straight leg raise.
*Indicates reproduced low back pain.
{Indicates reproduced LE pain.
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Table 2 Summary of patient visits including examination ﬁndings, interventions provided, and outcome
Treatment session
Visit 1

Examination findings

Intervention

N Pain sprinting 3/10

N Postural education

N Pain driving 20 minutes 7/10

N PA L4 Grade IV sustained
30 seconds, 5 repetitions
N Lumbar PPIVM combined
flexion and left LF, Grade III
sustained
30 seconds, 5 repetitions
N HEP supine stretch of
lumbar flexion with LF

N OSW 18/100

N SLR 110u

Visit 2 (2 days
later)

LBP and LE pain:
N Combined lumbar flexion
and left LF ROM
N PPIVM L4/L5
LE pain:
N Repeated flexion in lying
N Slump test pain 5/10
N Decreased LBP

N Postural education for driving

N No change LE pain
N SLR 110u

Visit 3 (1 week
later)

LBP and LE pain:
N Combined lumbar flexion
and left LF ROM with overpressure
LE pain:
N Slump test pain 4/10
N Decreased LBP

N Pain driving 30 minutes 5/10

Visit 4 (1 week
later)

N SLR 110u
LE pain:
N Combined lumbar flexion
and left LF
ROM with overpressure
N Combined PPIVM L4/L5
N Slump test positive after
sustained 20 seconds
N Pain driving 30 minutes 3/10

N SLR 115u

LE pain:
N Combined lumbar flexion
and left LF ROM with
overpressure
N Combined PPIVM L4/L5
N PA at L4 in prone SLR
N Slump test positive after
sustained 30 seconds
N Pain driving 60 minutes
3/10

N SLR 120u
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N Lumbar PPIVM combined
flexion and left LF, Grade III
sustained 30 seconds, 10
repetitions
N HEP of seated slump with
ankle
dorsiflexion sustained
30 seconds;
10 repetitions; 3 times per day

N Decreased pain with combined
lumbar flexion and left LF ROM
N Repeated flexion in lying
pain 1/10
N Slump test pain 4/10

N Slump test positive after
sustained 15 seconds
N SLR 115u

N Pain-free combined lumbar
flexion and left LF ROM with
overpressure
N Slump test positive after
sustained 30 seconds

N SLR 115u

N OSW 5/100

Visits 5 and 6
(1 week apart)

N PA L4 Grade IV sustained
30 seconds, 5 repetitions
N Lumbar PPIVM combined
flexion and left LF, Grade
III sustained 30
seconds, 10 repetitions
N Continuation of HEP

Outcome

VOL .

N Lumbar PA in prone SLR
position with ankle dorsiflexion,
Grade IV sustained 10 seconds,
10 repetitions
N Continued HEP; added
cervical flexion to slump
stretch and decreased
hold time to 10 seconds
due to c/o calf paresthesias
N Prone SLR with active ankle
dorsiflexion, 15 second holds,
10 repetitions

N Pain-free combined lumbar
flexion and left LF ROM with
overpressure

N Lumbar PA in prone SLR
position with ankle dorsiflexion,
Grade IV sustained 30 seconds,
10 repetitions
N Lumbar PPIVM combined
flexion and left LF in SLR
position

N Slump test negative
sustained for 60 seconds

18
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2

N Slump test negative
sustained for 30 seconds

N SLR 115u

N SLR to 120u
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Table 2 Continued.
Treatment session

Examination findings
LE pain:

Visit 7 (1 week
later)

Intervention

Outcome

N Prone SLR with active
ankle dorsiflexion, 20 second
holds, 10 repetitions, 3 times
per day

N PA at L4 in prone SLR
N Slump test positive after
sustained 30 seconds
N No pain driving up to 4 hours
the past 4 days
N OSW 0/100
N SLR 120u
N Slump test negative sustained
for 60 seconds
N Prone SLR with PA and ankle
dorsiflexion 20 seconds pain-free

N Patient discharged

Note: LF, lateral flexion; ROM, range of motion; PA, posterior to anterior; HEP, home exercise program; OSW, Oswestry low back pain
disability questionnaire; PPIVM, passive physiological intervertebral motion; SLR, straight leg raise; LBP, low back pain; LE, lower
extremity; c/o, complaint of.

travels when considering the right sciatic nerve and the
spinal dura.16,32 Reproduction of comparable sign
with these combined movements could have been due
to peripheral nerve sensitization or musculoskeletal
structures. Repeated lumbar flexion in lying produced
right buttock pain at end-range and symptoms did not
peripheralize; this result fit the McKenzie classification
of tissue dysfunction but did not fit for neural tissue
involvement or disc derangement.22 Lumbar joint
mobility testing reproduced low back and LE symptoms, therefore the intervertebral joints could have
been contributing to this patient’s pain. Since he
presented with a mixed pathology, both peripheral
nerve sensitization and muscluloskeletal impairments
were addressed during intervention.5

Intervention/outcomes
The patient was seen in physical therapy 2 times the
first week, then one time per week for a total of seven
visits over a period of 6 weeks. Examination findings,
intervention, and outcomes are summarized in
Table 2.
Impairments associated with the musculoskeletal
classification were addressed during the first two visits.
Lumbar combined ROM and PPIVMs reproduced the
patient’s low back symptoms during examination,
therefore, were the focus of manual interventions and
the home exercise program. Although these interventions resulted in a decrease in LBP and some
improvement while driving, minimal change had
occurred in LE symptoms.
Impairments associated with the peripheral nerve
sensitization classification were addressed at visit 3
through the addition of a neurodynamic intervention
to the patient’s home program. This consisted of
sitting with the back and shoulders relaxed into a
flexed position while the patient extended his knee and
dorsiflexed his ankle. Cervical flexion was not added to
the home program due to production of paresthesias
in the LE with maintaining the position. Following

this intervention he continued to improve and
tolerated driving longer with less intense symptoms.
By the fourth visit, the patient’s Oswestry
Disability Index score had improved to 5/100. At
this time, lumbar PA was examined in the prone SLR
position. This combination of musculoskeletal and
neurodynamic testing reproduced the patient’s LE
symptoms. The need to combine tests in order to
elicit symptoms was consistent with the patient’s
mixed pathology classification; therefore, both pathomechanisms were addressed through a combined
intervention. Mobilization was executed at visits 4–6
by performing lumbar manual interventions of
PPIVM and PA in the SLR position to incorporate
neurodynamics (Fig. 2).
For the combined PA intervention, the patient was
positioned in prone with his right LE over the edge of
the plinth and his foot resting on the floor with his
knee slightly flexed (Fig. 2A). Lumbar PA mobilization was administered while the patient dorsiflexed
the ankle. He reported reproduction of posterior
thigh symptoms with PA which was immediately
alleviated once mobilization ceased. The patient
returned to a neutral ankle position, and lumbar
PAs were performed at the L4 level with a Grade III
pressure sustained for 15 seconds and repeated 10
times. The patient was instructed to repeat active
dorsiflexion in this prone SLR position as part of his
home program.
The lumbar flexion and left lateral flexion PPIVM
was also progressed to incorporate neurodynamics.
The PPIVM was performed with the patient in left
side lying as previously; however, this time the
addition of an SLR was included (Fig. 2B). The L4/
L5 segment was localized through hip flexion until
motion was palpated at L5. Left lateral flexion of the
lumbar spine was introduced from above by drawing
the left upper extremity caudally until motion was
palpated at L4. This Grade IV mobilization was
sustained as the patient’s right hip was passively
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A

B

Figure 2 Combined interventions of lumbar joint mobilization with neurodynamic SLR. (A) lumbar PPIVM with SLR; (B) lumbar
PA with SLR.

Joint mobilization can influence facets but can also
impact neurodynamics because of the facets’ close
anatomical proximity to nerve roots as they exit the
lateral foramen.16,36 Creating motion at the mechanical interface between the facet joint and the neural
tissue is also thought to affect fascia and circulation in
the region.16,36 The patient responded to the lumbar
mobilization with a decrease in LBP but demonstrated
minimal improvement in LE symptoms.
The peripheral sensitization classification was
addressed next. The patient’s neural tissue was not
irritable based on the fact that his SLR was negative
for symptom reproduction and he was able to attain
full knee extension in the slump test position before
symptoms were produced.16,36 Both the SLR and
slump tests can be indicative of neural mechanosensitivity. He demonstrated excessive mobility with the
SLR test although limitations were noted on the
involved side compared to the non-involved side. In a
study investigating agreement of SLR and slump tests
in subjects with LBRLP, it was found that only 44%
of study participants demonstrated both a positive
SLR test and a positive slump test.37 Forty-nine
percent of the subjects demonstrated a positive slump
test but a negative SLR. Both the slump test and SLR
test have been shown to have good specificity (0.83;
0.89) when used to examine patients with lumbar disc
herniation, but the slump test is more sensitive (0.84)
than the SLR (0.52) in this population.4 These
statistics are not available for patients with peripheral
nerve sensitization. In addition to the positive slump
test, the patient in this case also had an adverse
response to palpation of the sciatic nerve which is
consistent with neural mechanosensitivity.37,38
Criteria have been described to determine which
patients are likely to benefit from slump stretching.39
Slump stretching has been shown to result in
decreased pain, improved function, and centralization of symptoms in a subgroup of patients who met
these criteria.40 The patient in this case met all three
criteria including LBP with LE symptoms; no
improvement or worsening of LE symptoms with

flexed, knee was extended and ankle dorsiflexed. Low
back and LE symptoms with driving and sports had
resolved by visit 7 and the Oswestry Disability Index
score was 0/100. The patient’s goals were met and he
was discharged from physical therapy.

Discussion
This case demonstrates application of a classification
system for a patient with LBRLP to assist in
identification of the pathological mechanisms
involved. Patients who undergo classification and are
treated according to the classification matrix have
been shown to demonstrate improved outcomes.33,34
Although no intervention guidelines have been established in association with the classification system
proposed by Schäfer and colleagues,5 the current case
provides an example of its application and describes
the intervention provided.
The classification system utilized suggests four
potential mechanisms of pathology; in cases of mixed
pathologies there may be overlap among classification
categories.5 It is suggested that the physical examination protocol be used to determine the predominant
mechanism of pathology.5,35 The patient in this case
presented with signs and symptoms consistent with
two different categories. Intervention is described for
both the musculoskeletal and peripheral nerve sensitization components of his presentation. Although his
symptoms partially resolved with intervention directed
toward the musculoskeletal impairments, they did not
completely resolve until interventions were combined
to address both systems.
Interventions directed toward the patient’s limitations associated with the musculoskeletal pain classification were addressed first. Maitland recommended
initiating manual therapy intervention with the
procedure that most closely reproduces the patient’s
comparable sign with the least amount of force.23
Since the patient’s LBP was reproduced with combined ROM testing and with intervertebral joint
mobility examination, combined ROM and joint
mobilization were chosen as the first interventions.
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repeated motion testing; and a positive slump test
with no sensory, motor, or reflexive changes.
The patient in this case continued to show
subjective and objective improvement with intervention, but it was not until lumbar mobilization was
combined with neurodynamic intervention that his
symptoms completely resolved. This intervention
addressed the patient’s mixed pathology classification. Spinal mobilization has been described in
conjunction with neurodynamic intervention for
patients with neurogenic cervicobrachial pain, but
no similar description has been presented for the
LBRLP.41 Cervical lateral glide mobilization has
been shown to result in decreased pain and improved
neurodynamics in patients with lateral epicondylalgia
and arm pain of cervical origin.41,42 Because this
patient’s symptoms were reproduced with a combination of lumbar intervertebral mobility examination
and the LE neurodynamic position, the two interventions were combined by performing the lumbar
mobilization in a position that increased the distance
the neural tissue traveled in the LE while creating
proximal mobility at the spine.16
The patient in this case presented with a mixed
pathology according to the patho-mechanism-based
approach utilized. Since he displayed examination
findings consistent with both peripheral nerve sensitization and musculoskeletal impairment, both were
addressed through intervention. Combined manual
interventions addressing joint mobility and neurodynamic limitations resulted in resolution of the
patient’s symptoms.

Conclusion
Classification of patients with LBRLP may be useful
in examination and intervention planning for patients
with mixed pathologies. Future investigations should
examine the presence of mixed pathologies in a larger
patient population in addition to offering guidelines
for classification-based intervention. Further research
should focus on the effects of combined lumbar
mobilization with LE neurodynamic intervention in
addition to identification of patients likely to benefit
from this combined intervention.
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