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ABSTRACT
Purpose: Significant number of low back pain is caused by spinal instability. Clinical and radiological tests are used to diagnose lumbar 
instability, but the practical utility of clinical tests has not been studied extensively. Hence, it was decided to study lumbar rocking test and passive 
lumbar extension (PLE) clinical tests to identify their accuracy for lumbar instability, in comparison to the radiological assessment.

Materials and Methods: This cross‑sectional prospective study was conducted in 2017 at an Indian tertiary care center, after Ethics 
Committee approval. No financial transection involved anywhere at any stage of the study. Patients of 30–65 years having low back pain 
were included following informed consent. Clinical tests conducted were rocking test and PLE tests. All patients were subjected to a neutral 
anteroposterior, lateral and flexion‑extension X‑rays of lumbosacral spine. The association between clinical tests and lumbar instability was 
represented by Chi‑square analysis. The rest of the findings were represented as descriptive statistics.

Results: Fifty patients enrolled in the study, of which 28 (56%) were females. On X‑rays, the maximum angular rotation and sagittal translation 
were seen at L5–S1 level. 35 (70%) and 46 (92%) patients showed positive PLE and rocking test, respectively. Significant association (P < 0.05) 
was seen between rocking test and lumbar instability. The sensitivity of rocking test was 95.56% and positive predictive value as 93.47%.

Conclusion: Clinical tests can be used effectively for the diagnosis of lumbar spine instability. Rocking test was found to be accurate and 
sensitive for detecting subtle lumbar instability.
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INTRODUCTION

Low back pain is one of the most common symptoms 
presented by patients, and in most of them, the structural 
cause is not identified.[1] It forms a significant number of 
cases in spine out patient department. A striking fact is 
that a major number of these low back pain occur due to 
spinal instability.[2] In fact, published literature mentions 
that 13%–30% of the total number of low back pain occurs 
secondary to spinal instability.[3]

Lumbar spine consists of 5 vertebrae, forming “motion 
segments” which are connected in series. Each of these 
segments contain 2 adjacent vertebral bodies and a disc as 
well as ligaments.[4] It represents the smallest spine segment 
which exhibits bio‑mechanical characteristics just like the 
entire spinal column. Rotation and translation can occur at 

every spinal motion segment. Translation ensues when a 
shear force leads to the parallel movement of one vertebra 
to the adjacent vertebra. Rotation is the spinning of one 
vertebra around a stationary axis caused by a torque, in 
relation to the adjacent vertebra. Translation and rotation 
ensue at each motion segment during movements of lumbar 
spine, in any of the fundamental body planes. For instance, 
lumbar flexion encompasses anterior translation and rotation, 
and lumbar extension includes posterior translation plus 
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rotation of each lumbar motion segment at the sagittal level.[5] 
Coordinated movements of various motion segments and 
absence of instability during either translational or rotational 
movements are needed to maintain lumbar spine stability 
during movements.

The senior author introduced a clinical test to predict subtle 
instability of lumbar spine, with the patient lying in his 
comfortable supine position, and inducing a gentle jerk to 
the lumbar spine after locking hip and pelvis in hyper‑flexed 
position by gently pushing knees onto the abdomen. Other 
described clinical tests such as PLE were also tested for 
comparison, and radiological X‑ray tests were also done to 
verify predictability and sensitivity claimed by the test.[6] 
Hence, it was decided to study the practical ability of the 
clinical examination tests to identify lumbar instability, in 
comparison to the radiological assessment. The presence 
of acute inflammation from any origin in lumbar spine and 
muscle spasm will cause pain on any movement of lumbar 
spine, and one will be unable to test for subtle lumbar 
instability. Hence, patients need to be free of any muscle 
spasm in spine to perform this rocking test. This assessment 
will help to zero down on these clinical tests, which if proved 
can help to be cost and time effective modality for diagnosis.

MATERIALS AND METHODS

This was a cross‑sectional prospective study conducted 
between January 2017 and December 2017. All patients 
who presented in the outpatient clinic of a tertiary care 
center with complaints of chronic low back pain and were 
in the age group of 30–65 years were included in the study. 
Acute (infective/inflammatory/traumatic) low back pain 
of any origin with muscle spasm, history of surgery for 
any lumbar spine disease before was excluded from the 
study. The study was initiated after an Ethics Committee 
approval was obtained, and only those patients were 
included who signed the informed consent document. 
Considering that the sampling technique followed was 
period based convenient sampling technique, 50 patients 
were enrolled in the study. Patients were subjected to a 
neutral anteroposterior (AP), lateral and flexion‑extension 
X‑rays of lumbosacral (LS) spine.

Clinical examination
The clinical examination consisted of history and physical 
examination variables performed by one physician with 
2 years of experience in orthopedics, and they were blinded 
to the radiographic results. History obtained included 
duration and distribution of symptoms, radiation of pain, 
claudication, prior history of low back pain, and response 

to previous treatments. We also assessed for midline and 
paraspinal tenderness.

The two clinical tests which we performed were:
1. Rocking test: The patient lying comfortably in supine 

position on the table. Then, we induce a gentle jerk to the 
lumbar spine after locking hip and pelvis in hyper‑flexed 
position by gently pushing knee onto the abdomen. If the 
subject complaints of severe pain in lumbar region while 
pushing knee onto the abdomen, the test is considered to 
be positive. In the Absence of all other causes of pain such 
as infection, inflammation, trauma, this pain induced can 
be attributed to subtle instability [Figure 1a and b]

2. Passive lumbar extension (PLE): For the PLE test, 
the subject was kept in prone position; both lower 
extremities then were elevated concurrently to a height 
of about 30 cm from the bed while maintaining the knees 
extended and gently pulling the legs. The hypermobility 
derived from lumbar spinal instability would cause low 
back pain, and because the PLE test was associated with 
severe hypermobility of the lumbar region, it would 
lead to low back pain. The lumbar region was adjudged 
to be abnormal when, during elevation of both lower 
legs during the PLE test, the individuals complained 
of severe pain in the lumbar region, including “low 
back pain,” “very heavy feeling on the low back,” and 
“feeling as if the low back was coming off,” and such 
pain disappeared when they kept the lower limb to 
the initial position [Figure 2]. The disadvantage of 
PLE is difficulty in doing this test in obese patients. 
Furthermore, sacroiliac (SI) joints also can be a source 
of pain whereas rocking test can be carried out in any 
patient in his comfortable position.

Main advantages of rocking test over passive lumbar 
extension test
1. In rocking test, the patient remains in supine position 

which is most comfortable position for any patient as 
compared to PLE test in which patient has to stand or in 
prone position which itself can lead to pain to a certain 
extent

Figure  1:  (a  and  b)  Rocking  test:  patient  supine,  hip  knee  locked  in 
hyper‑flexed position. Slight jerk given to elicit pain at LS junction

ba
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2. In the rocking test, we are locking the hip and pelvis and 
try to pinpoint tenderness at LS junction whereas in PLE 
test we cannot localize the pain‑whether it is arising from 
hip, SI joint, or LS junction

3. In PLE test, the lower extremity of the subject was 
elevated for 30 cm from the bed which can be variable 
and not standard.

Radiological examination: Patients with low back pain 
underwent standardized AP, lateral and flexion‑extension 
X‑rays in standing position. Due to the low back pain, they 
were asked to move their trunk as much as they could without 
using special apparatus to hold the pelvis so that the effects 
of hip flexion were reduced [Figure 3]. Magnetic resonance 
imaging (MRI) scans or computed tomography scans were 
not included due to the cost constraint. The mean angular 
rotation (AR) and the sagittal translation (ST) were measured 
at L1–L2, L2–L3, L3–L4, L4–L5, L5–S1 spinal levels. According 
to the White and Panjabi criteria for instability, the diagnosis 
was done [Table 1].

Statistical analysis was done using Microsoft Excel and 
GraphPad Software, 2365 Northside Dr. Suite 560 San Diego, 
CA 92108. The radiographic findings were represented 
as mean ± standard deviation (SD) The association 
between the clinical tests and the lumbar instability were 
represented by Chi‑square analysis. The rest of the findings 
were represented as descriptive statistics.

RESULTS

A total of 50 patients were enrolled in the study. Of 
these patients, 44% of the patients were s (22 patients) 
while the majority, that is, 56% of the cases were 
females (28 cases). The mean age of the patients was 
46.04 years with an SD of 6.06 years. The minimum age 
noticed in the study was 31 years while the maximum age was 
57 years. The demographic details have been summarized 
in Table 2.

Figure 2: Passive lumbar extension

Spinal signs and symptoms
The patients were assessed for spinal signs and symptoms 
such as radiation, claudication, tenderness, degenerative 
temporary scoliosis, instability catch, and root tension 
signs. Thirty‑eight patients showed radiation, while 
37 and 34 patients, respectively, showed claudication 
and tenderness. The least common spinal symptom was 
instability catch seen in 24 patients only (48%) [Figure 4].

Radiological examination by X‑ray
The radiological examination is normally taken as the 
main diagnostic tool for stating the presence of lumbar 
instability. The X‑ray of the patients was taken at L1–L2, 
L2–L3, L3–L4, L4–L5, and L5–S1 levels. The X‑ray was taken 
in two types of positions‑flexion/extension and neutral 
position. The parameters assessed were AR (in degrees) and 
ST (in percentage). Table 3 shows the mean values of both 
AR and ST at different lumbar levels. Out of all the patients, 
45 patients (90%) were having lumbar instability, based on 
radiological investigation [Figure 5a and b].

Table 1: White and Panjabi criteria for lumbar instability[4]

Angular rotation
>15° at L1‑L2 to L3‑L4 segments
>20° at L4‑L5 segment
>25°at L5‑S1 segment

Sagittal translation
>4.5 mm or 15% of vertebral body width

Table 2: Demographic details of the all patients enrolled in the 
study

Total number of patients=50
Gender distribution: 22 males (44%), 28 females (56%)
Mean age of the patients enrolled (mean±SD)=46.04±6.06 years
Minimum age of patient=31 years
Maximum age of patient=57 years
SD ‑ Standard deviation

Figure  3: Positioning of  the patient  for  taking flexion  (a) and extension 
(b) X‑ray
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Clinical diagnosis of lumbar instability
The two tests which were used for clinical examination were 
PLE test and rocking test.

On testing, it was found that 35 out of the 50 patients (70%) 
had PLE test positive [Figure 6].

Sensitivity of PLE: 68.89%.

Specificity of PLE: 20%.

Positive predictive value: 88.57%.

Negative predictive value: 6.66%.

On Chi‑square analysis, P value was 0.99 (>0.05).

Forty‑six out of the 50 patients (92%) had rocking test 
positive [Figure 7].

Sensitivity of rocking test: 95.56%.

Specificity of rocking test: 40%.

Positive predictive value: 93.47%.

Negative predictive value: 50%.

On Chi‑square analysis, the association was found as 
P =	0.04	(<0.05),	which	is	statistically	significant.

DISCUSSION

Low back pain is a major social as well as financial issue 
worldwide. According to the evidence‑based guidelines, 
about 90% of all low back pains are classified as nonspecific 
in nature.[7] This means that the main cause of back pain is 
unclear. The radiological assessment tests which have evolved 
over the years have helped in providing the diagnosis for 
the causes related to the low back pain, but in developing 
countries, the accessibility to the radiological investigations 
may be an issue. Various authors and researchers have 
suggested that due to the nonspecific natures of the back 
pain, it is a benign problem and hence the focus must be on 
various available clinical tests and evaluation methods.[7‑9]

Table 3: Angular rotation and sagittal translation of various lumbar levels on X‑ray examination

Lumbar vertebrae 
(levels)

AR (degrees) on 
flexion/extension

ST (percentage) on 
flexion/extension

AR (degrees) in neutral 
position

ST (percentage) in neutral 
position

L1‑L2 9.2+5.02 1.34+1.86 5.54+4.53 0.88+1.42
L2‑L3 7.76+4.87 1.82+2.82 6.98+3.97 1.1+2.14
L3‑L4 9.78+5.91 2.41+3.43 6.44+4.53 1.6+2.67
L4‑L5 9.36+6.67 1.86+2.81 6.12+6 1.16+2.05
L5‑S1 13.78+10.34 2.92+3.71 7.47+5.79 2.08+3.03
AR ‑ Angular rotation; ST ‑ Sagittal translation

Figure 4: Signs and symptoms

Figure 5: (a) calculation of sagittal translation and angular rotation. Sagittal 
translation = a−(−b) = a + b. Angular rotation = y− (−x) = y + x. (b) Patients 
with Lumbar instability on radiological examination

b
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It has been projected that abnormal motion and dysfunction 
from structural lumbar segmental instability occur not only 
at end range but also during midrange spinal movements, 
which these tests might not identify. Flexion‑extension 
radiographs simply assess vertebral displacement in 
a static way at the end‑range which, hypothetically, 
would only notice the purpose of the inert stabilizing 
subsystem.[10‑12] This may have noteworthy restrictions in 
detecting dysfunction from structural lumbar segmental 
instability which occurs in the neutral zone (mid‑range 
spinal motion).[13] Of all the patients enrolled in this study, 
90% were diagnosed with lumbar instability. On radiological 
examination in this study, the maximum AR and ST were 
seen at the L5–S1 region. This also supports the fact that 
clinical tests which assess and help in the finding of LS 
instability will be of great help in early and cost‑effective 
diagnosis.

The two clinical tests which were used were PLE test and 
the rocking test. Thirty‑five patients (70%) in this study 
had a positive lumbar extension test, and 46 patients (92%) 
had a positive rocking test [Tables 4 and 5]. On Chi‑square 
analysis, it was found that though the findings of lumbar 
extension test did not associate significantly (P > 0.05) 
with the radiological lumbar instability finding, the findings 
of rocking test associate significantly (P < 0.05) with the 
radiological lumbar instability finding. Rocking test also 
showed high sensitivity (95.56%) as well as high positive 
predictive value (93.47%). Hence, rocking test proved a strong 
clinical examination commodity for accurate diagnosis of 
lumbar instability.

If a patient is unwilling to flex or extend fully from a standing 
position, perhaps because of pain, fear, or apprehension, 
both rotation and translation values will be low, even if the 
patient’s spine can move normally.[14] This type of guarding 
behavior may mask lumbar segmental instability, leading to 
a false‑negative finding. Segmental translation and rotation, 
as quantitative measures of abnormal spinal kinematics, 

may, therefore, be confounded by simple unwillingness of 
the patient to move as much as he/she may be able, which 
would be a limitation of the methodology.

There were a few limitations in the study. This study was done 
at one tertiary care center only more as a pilot study, but 
future studies can be planned in different cities at multiple 
orthopedic centers to know whether the accuracy is affected 
by the surgeon’s technical variability as well. If there is no 
budget constraint, then these findings of the clinical tests 
can be compared to those seen in dynamic MRI.

CONCLUSION

Clinical tests (PLE and rocking test) can be used effectively 
for the diagnosis of lumbar spine instability. The rocking 
test was found to be significantly associated with lumbar 
instability with a high sensitivity (95.56%) and positive 
predictive value (93.47%)
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Table 4: Association between passive lumbar extension test 
and lumbar instability

Lumbar instability 
positive

Lumbar instability 
negative

Passive extension positive 31 4
Passive extension negative 14 1

Table 5: Association between rocking test and lumbar 
instability

Lumbar instability 
positive

Lumbar instability 
negative

Rocking test positive 43 3
Rocking test negative 2 2

Figure 6: Passive lumbar extension test
Figure 7: Rocking test
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