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Abstract

Objective: Dynamic radiographs are widely used to assess radiological spinal instability. The authors aim to
compare the sensitivity of dynamic radiographs versus spontaneous reduction seen on magnetic resonance imaging
when compared to a standing lateral radiograph in diagnosing instability.

Materials and Methods: This study is a retrospective review of 75 patients from a single center with suspected
clinical lumbar spinal instability presenting with back and/or leg pain and had undergone a magnetic resonance
imaging of their lumbosacral spine as well as a lumbar radiograph series. The authors compared the criterion
sensitivity (in accordance to Posner criteria) of dynamic radiographs versus magnetic resonance imaging. Pearson's
chi-square test was used to determine statistical significance.

Results: The Posner criteria was satisfied in 45/75 patients (60%) using dynamic radiographs as compared to
32/75 patients (42.6%) when using spontaneous reduction seen on magnetic resonance imaging. This was
statistically significant (p<0.01). However, we noted that 29/45 (64.4%) patients with instability diagnosed on
dynamic radiographs also had it diagnosed on spontaneous reduction.

Conclusion: Posner criteria when applied to spontaneous reduction seen on magnetic resonance imaging has a
specificity of 90% and positive predictive value of 90.63%, assuming that satisfaction of Posner criteria on dynamic
radiographs indicates true instability. The authors advocate the use of Posner criteria applied to spontaneous
reduction to assess for spinal instability. Failure to satisfy the Posner criteria on spontaneous reduction should then
prompt the use of a more sensitive modality such as dynamic radiographs.
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Introduction
Lumbar spinal instability is a common cause of lower back and/or

leg pain [1,2]. This condition is of significant clinical importance as its
presence in patients with lower back and/or leg pain serves as a
criterion for spinal fusion over mere decompression [3-8]. Selecting
patients with spinal instability for spinal fusion surgery is related with
better outcomes [5,7,8]. The American Association of Orthopedic
Surgeons defines spinal instability as ‘an abnormal response to applied
loads, characterized by movement in the motion segment beyond
normal constraints’ [9]. Knutsson was the first to demonstrate
abnormal motion of the vertebrae upon extreme flexion of the spine
[10]. He observed parallel displacement as well as abnormal tilting
movements of the vertebrae, which may be termed translation as well
as angulation respectively. Dupuis et al. suggested a method to
establish radiological instability with the use of standing dynamic
radiographs [11], measuring translation as a forward or backward
displacement of a vertebral body with respect to the vertebral body
immediately inferior to it and angulation as the angle measured at the
vertebral end plates of the two adjacent vertebrae (Figure 1). This

method has been used over the years by different authors who have
then come up with different thresholds [12-14] to diagnose
radiological instability.

Posner’s criteria measures translation as a percentage of vertebral
width (Figure 1) to avoid inaccuracies from magnification [15] and is
commonly used. The upper limits are as follows ‘anterior translation
greater than 8% (L1-L5) or greater than 6% (L5-S1), posterior
translation greater than 9% (L1-S1), angulation in flexion greater than
-9° (L1-L5) or greater than 1° (L5-S1) [15]. Yone et al. found the
Posner criteria to be useful in selecting patients for spinal fusion
surgery [6]. In their study, excellent improvement of symptoms and
return of function resulted from posterolateral spinal fusion with
instrumentation compared to laminotomy alone for patients with
spinal instability diagnosed using the Posner criteria.

Other radiological modalities such as magnetic resonance imaging
and computed tomography have also been used to aid the diagnosis of
instability [1]. In 2012, Chung and co-authors described the
phenomenon of spontaneous reduction of the listhetic segment on
supine magnetic resonance imaging when compared to a standing
lateral lumbar radiograph [16]. This was theorized to be due to the
elimination of physiological loading in the supine position compared
to the standing position. In a retrospective review of 137 patients, they
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found the degree of spontaneous reduction to be closely related to
instability [16].

Figure 1: Posner’s criteria measures translation as a percentage of
vertebral width.

We applied the Posner criteria to the spontaneous reduction
phenomenon as described by Chung to find out the criterion
sensitivity. We then compared the sensitivity to that of standing
dynamic radiographs.

Materials and Methods
This is a retrospective study of 100 consecutive patients who

underwent a supine magnetic resonance scan of the lumbosacral spine,
standing anterior-posterior, lateral as well as dynamic lumbar
radiographs. They all had suspected clinical lumbar instability and
presented with lower back and/or leg pain. After excluding patients
with a history of trauma, severe kyphoscoliosis, previous surgical
instrumentation of the spine and/or poor quality radiographs, we
analysed the images of the remaining 75 patients.

Figure 2: Nemaris, Inc™: The ‘Spondylolisthesis’ function in
Surgimap® measures percentage translation and degree angulation
in accordance to the Dupuis method.

We utilised the radiological software Surgimap® (© 2016 Nemaris,
Inc™) in our analysis of the images. Surgimap® is software that allows
users to import images and measure various clinical parameters such
as Cobb’s angle in scoliosis as well as degree of lordosis and kyphosis by
selecting appropriate anatomical landmarks. The ‘Spondylolisthesis’
function in Surgimap® measures percentage translation and degree
angulation in accordance to the Dupuis method [11] (Figure 2). Two
observers were trained by one Orthopedic surgeon familiar with

Surgimap® and underwent a pilot test with 10 patients. Both observers
then analysed the images independently and analysed not more than
10 patients at one seating to prevent mistakes from observer fatigue.
We ran a bivariate analysis to find out the degree of inter observer
variability.

Criterion sensitivity was determined by the satisfaction of the
Posner criteria. Pearson’s Chi-square test was used for significance
testing of the difference in sensitivities of dynamic radiographs and
spontaneous reduction in picking up instability. Bivariate correlation
of the observers’ measured values of degree angulation and percentage
translation on both modalities was analysed to determine inter
observer variability.

Results
The average age was 59.7 years old (28-86). There were 42 male and

33 female subjects. The commonest levels of spondylolisthesis were
L4/5 (34/75, 45.3%) and L5/S1 (33/75, 44%). The inter observer
variability was low as reflected by a high correlation between the
observers’ measured degree angulation on dynamic radiographs
(r=0.939, p<0.01), observers’ measured percentage translation on
dynamic radiographs (r=0.791, p<0.01), observers’ measured degree
angulation on spontaneous reduction (r=0.755, p<0.01) and observers’
measured percentage translation on spontaneous reduction (r=0.796,
p<0.01).

The Posner criteria was satisfied in 45/75 patients (60%) using
dynamic radiographs as compared to 32/75 patients (42.6%) when
using spontaneous reduction seen on magnetic resonance imaging.
This was statistically significant (p<0.01). However, we noted that
29/45 (64.4%) patients with instability diagnosed on dynamic
radiographs also had it diagnosed on spontaneous reduction. There
also existed 3/30 (10%) of patients who had instability diagnosed on
spontaneous reduction but not on dynamic radiographs.

Assuming that satisfaction of the Posner criteria on dynamic
radiographs indicates true instability, the Posner criteria when applied
to spontaneous reduction seen on magnetic resonance imaging when
compared to a standing lateral lumbar radiograph yields a specificity of
90%, 95% CI (72.32, 97.38), sensitivity of 64.44%, 95% CI (48.73,
77.71), positive predictive value of 90.63%, 95% CI (73.83, 97.55) and
negative predictive value of 62.79%, 95% CI (46.72, 76.61).

Discussion
Many authors have proposed different definitions of and diagnostic

criteria for instability over the years. Panjabi suggested a
biomechanical definition of ‘a loss of motion segment stiffness, such
that force application to that motion segment produces abnormally
great motion compared to that of a normal spine’ [17]. Frymoyer then
proposed a widely accepted clinical criteria of instability as ‘a condition
where there is loss of spinal stiffness, such that normally tolerated
external loads will result in pain, deformity, or put neurological
structures at risk’ [18] for greater clinical relevance. Kotilainen
proposed yet another clinical criteria which diagnoses the presence of
instability ‘if a full return from the bent position fails because of a
sudden attack of low back pain (ie. instability catch), if a patient is
unable to get a raised, straightened leg to move down and suddenly
drops the leg due to a sharp pain in the low back (ie. painful catch),
and/or if a patient feels anxiety resulting from a sensation of collapse of
the low back because of a sudden attack of back pain during movement
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(ie. apprehension)’ [19] but this criteria has not been rigorously
evaluated [9].

Despite numerous efforts, there is currently no gold standard in the
radiological diagnosis of spinal instability due to reasons such as a lack
of standardization of the method in which dynamic radiographs are
performed. Many alternatives to standing dynamic radiographs
suggested by Dupuis have been discussed, such as traction-
compression [20], supine [21], supine-prone [22] and slump-sitting
dynamic radiographs. Each method has its proposed advantages over
the conventional standing dynamic radiographs but none has been
globally accepted and practiced. It has also been argued that back pain
and paraspinal muscle spasm may reduce the motion of the listhetic
segment and hence not accurately reflect the true degree of instability
seen on dynamic radiographs [11,20].

In view of the potential pitfalls of dynamic radiographs, other
imaging modalities such as magnetic resonance imaging are used to
aid the diagnosis of spinal instability. Magnetic resonance imaging
often prove useful in the assessment of a patient with suspected spinal
pathology presenting with persistent or recurrent lower back and/or
leg pain refractory to conservative management. It is generally
accepted to be the most accurate imaging method for diagnosing
degenerative changes of the spine [1] and is often used to identify
central or foraminal stenosis [16]. It is also a favoured imaging
modality due to its high contrast and spatial resolution and lack of
ionizing radiation [23]. Chung and co-authors described the
phenomenon of spontaneous reduction of the listhetic segment seen
on magnetic resonance imaging when compared to a standing lateral
lumbar radiograph [16]. In a retrospective review of 137 patients,
Chung found a statistically significant correlation between
spontaneous reduction and the degree of instability.

Within the confines of this study, the Posner criteria are more
sensitive when applied to dynamic radiographs. However, when
applied to spontaneous reduction, it yields a specificity of 90% and a
positive predictive value of 90.63%. This may prove to be an effective
way in assessing radiological instability for patients with suspected
clinical instability who have already had a lateral lumbar radiograph
and magnetic resonance imaging performed as part of their clinical
workup.

Satisfaction of the Posner criteria on spontaneous reduction may
save the need for extra dynamic radiographs and its associated costs
and exposure to radiation. The estimated effective radiation dosage a
patient is exposed to from an anterior-posterior, lateral and dynamic
lumbar radiograph is 1.2, 1.0 and 2.2 milli sieverts (mSv) respectively
[24]. This means that an exclusion of dynamic views will prevent the
patient from exposure to roughly 3 months of natural background
radiation.

With a low sensitivity of 64.44% and negative predictive value of
62.79%, a failure to satisfy Posner criteria when applied to spontaneous
reduction should not rule out spinal instability. This may then be an
indication for further investigations with higher sensitivity such as
dynamic radiographs.

Conclusion
It is important to have a reliable imaging and measurement method

and specific diagnostic criteria to establish instability due to its
presence serving as a criterion for spinal fusion over mere
decompression. The methods in which supine magnetic resonance

imaging and lateral lumbar radiographs are performed are more
consistent compared to that of dynamic radiographs. With a specificity
of 90% and a positive predictive value of 90.63%, the authors advocate
the use of Posner criteria applied to spontaneous reduction on supine
magnetic resonance imaging when compared to a standing lateral
lumbar radiograph should these modalities already be available.
Failure to satisfy the Posner criteria on spontaneous reduction should
then prompt the use of a more sensitive modality such as dynamic
radiographs.

References
1. Leone A, Guglielmi G, Cassar-Pullicino VN, Bonomo L (2007) Lumbar

intervertebral instability: A review. Radiology 245: 62-77.
2. Mulholland RC (2008) The myth of lumbar instability: the importance of

abnormal loading as a cause of low back pain. Eur Spine J 17: 619-625.
3. Kanayama M, Hashimoto T, Shigenobu K, Oha F, Ishida T, et al. (2003)

Intraoperative biomechanical assessment of lumbar spinal instability:
validation of radiographic parameters indicating anterior column support
in lumbar spinal fusion. Spine (Phila Pa 1976) 28: 2368-2372.

4. Kotilainen E, Heinänen J, Gullichsen E, Koivunen T, Aro HT (1997)
Spondylodesis in the treatment of segmental instability of the lumbar
spine with special reference to clinically verified instability. Acta
Neurochir (Wien) 139: 629-635.

5. Yone K, Sakou T, Kawauchi Y, Yamaguchi M, Yanase M (1996) Indication
of fusion for lumbar spinal stenosis in elderly patients and its significance.
Spine (Phila Pa 1976) 21: 242-248.

6. Yone K, Sakou T (1999) Usefulness of Posner's definition of spinal
instability for selection of surgical treatment for lumbar spinal stenosis. J
Spinal Disord 12: 40-44.

7. Deyo RA, Nachemson A, Mirza SK (2004) Spinal-fusion surgery - the
case for restraint. N Engl J Med 350: 722-726.

8. Fox MW, Onofrio BM (1997) Indications for fusion following
decompression for lumbar spinal stenosis. Neurosurg Focus 3: e2.

9. Splendiani A, Patriarca L, Mariani S, Ernesto Di C, Gallucci M (2015)
Lumbar spinal instability: An updated review. OMICS J Radiol 4: 178. 

10. Knutsson F (1944) The Instability Associated with Disk Degeneration in
the Lumbar Spine. Acta Radiologica 25: 593-609.

11. Dupuis PR, Yong-Hing K, Cassidy JD, Kirkaldy-Willis WH (1985)
Radiologic diagnosis of degenerative lumbar spinal instability. Spine
(Phila Pa 1976) 10: 262-276.

12. Panjabi MM, White AA III (1980) Basic biomechanics of the spine.
Neurosurgery 7: 76-93.

13. Hayes MA, Howard TC, Gruel CR, Kopta JA (1989) Roentgenographic
evaluation of lumbar spine flexion-extension in asymptomatic
individuals. Spine (Phila Pa 1976) 14: 327-331.

14. Kanayama M, Abumi K, Kaneda K, Tadano S, Ukai T (1996) Phase lag of
the intersegmental motion in flexion-extension of the lumbar and
lumbosacral spine. An in vivo study. Spine (Phila Pa 1976) 21: 1416-1422.

15. Posner I, Augustus A III, Thomas ED, Wilson H (1982) A biomechanical
analysis of the clinical stability of the lumbar and lumbosacral spine.
Spine (Phila Pa 1976) 7: 374-389.

16. Chung JY, Sung KK, Jung ST, Lee KB, Hyoung YS, et al. (2012)
Spontaneous reduction finding: magnetic resonance imaging evaluation
of segmental instability in spondylolisthesis. Asian Spine J 6: 221-226.

17. Pope MH, Panjabi M (1985) Biomechanical definitions of spinal
instability. Spine (Phila Pa 1976) 10: 255-256.

18. Fritz JM, Hagen ER (1998) Segmental Instability of the Lumbar Spine.
Phys Ther 2: 1.

19. Kotilainen E, Valtonen S (1993) Clinical instability of the lumbar spine
after microdiscectomy. Acta Neurochir (Wien) 125: 120-126.

20. Friberg O (1987) Lumbar instability: A dynamic approach by traction-
compression radiography. Spine (Phila Pa 1976) 12: 119-129.

Citation: Yeo PY, Kumar A (2018) Dynamic Radiographs Not Always Essential in Diagnosis of Lumbar Spinal Instability. J Spine S7: 017. 
doi:10.4172/2165-7939.S7-017

Page 3 of 4

J Spine, an open access journal Minimally Invasive Spine Surgery -II ISSN:2165-7939

http://dx.doi.org/10.1148/radiol.2451051359
http://dx.doi.org/10.1148/radiol.2451051359
http://dx.doi.org/10.1007/s00586-008-0612-2
http://dx.doi.org/10.1007/s00586-008-0612-2
http://dx.doi.org/10.1097/01.BRS.0000085357.24025.27
http://dx.doi.org/10.1097/01.BRS.0000085357.24025.27
http://dx.doi.org/10.1097/01.BRS.0000085357.24025.27
http://dx.doi.org/10.1097/01.BRS.0000085357.24025.27
http://link.springer.com/journal/701
http://link.springer.com/journal/701
http://link.springer.com/journal/701
http://link.springer.com/journal/701
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&NEWS=n&CSC=Y&PAGE=toc&D=yrovft&AN=00007632-000000000-00000
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&NEWS=n&CSC=Y&PAGE=toc&D=yrovft&AN=00007632-000000000-00000
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&NEWS=n&CSC=Y&PAGE=toc&D=yrovft&AN=00007632-000000000-00000
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&NEWS=n&CSC=Y&PAGE=toc&D=yrovft&AN=00002517-000000000-00000
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&NEWS=n&CSC=Y&PAGE=toc&D=yrovft&AN=00002517-000000000-00000
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&NEWS=n&CSC=Y&PAGE=toc&D=yrovft&AN=00002517-000000000-00000
http://dx.doi.org/10.1056/NEJMsb031771
http://dx.doi.org/10.1056/NEJMsb031771
http://dx.doi.org/10.4172/2167-7964.1000178
http://dx.doi.org/10.4172/2167-7964.1000178
http://dx.doi.org/10.3109/00016924409136488
http://dx.doi.org/10.3109/00016924409136488
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&NEWS=n&CSC=Y&PAGE=toc&D=yrovft&AN=00007632-000000000-00000
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&NEWS=n&CSC=Y&PAGE=toc&D=yrovft&AN=00007632-000000000-00000
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&NEWS=n&CSC=Y&PAGE=toc&D=yrovft&AN=00007632-000000000-00000
http://dx.doi.org/10.4184/asj.2012.6.4.221
http://dx.doi.org/10.4184/asj.2012.6.4.221
http://dx.doi.org/10.4184/asj.2012.6.4.221
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&NEWS=n&CSC=Y&PAGE=toc&D=yrovft&AN=00007632-000000000-00000
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&NEWS=n&CSC=Y&PAGE=toc&D=yrovft&AN=00007632-000000000-00000


21. Wood KB, Popp CA, Transfeldt EE, Geissele AE (1994) Radiographic
evaluation of instability in spondylolisthesis. Spine (Phila Pa 1976) 19:
1697-1703.

22. D'Andrea G, Ferrante L, Dinia L, Caroli E, Orlando ER (2005) "Supine-
prone" dynamic X-ray examination: A new method to evaluate low-grade
lumbar spondylolisthesis. J Spinal Disord Tech 2005 18: 80-83.

23. Chou, R, Qaseem A, Snow V (2007) Diagnosis and treatment of low back
pain: A joint clinical practice guideline from the American College of
Physicians and the American Pain Society. Ann Intern Med 147: 478-491.

24. Mellor FE, Thomas P, Breen A (2014) Moving back: The radiation dose
received from lumbar spine quantitative fluoroscopy compared to lumbar
spine radiographs with suggestions for dose reduction. Radiography
(London) 20: 251-257.

 

This article was originally published in a special issue, entitled: "Minimally
Invasive Spine Surgery -II", Edited by Anthony T. Yeung, M.D. Clinical
professor, University of New Mexico School of Medicine Associate Desert
Institute for Spine Care, Phoenix, Arizona Executive director International
Intradiscal therapy Society Phoenix, Arizona

Citation: Yeo PY, Kumar A (2018) Dynamic Radiographs Not Always Essential in Diagnosis of Lumbar Spinal Instability. J Spine S7: 017. 
doi:10.4172/2165-7939.S7-017

Page 4 of 4

J Spine, an open access journal Minimally Invasive Spine Surgery -II ISSN:2165-7939

http://ovidsp.ovid.com/ovidweb.cgi?T=JS&NEWS=n&CSC=Y&PAGE=toc&D=yrovft&AN=00024720-000000000-00000
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&NEWS=n&CSC=Y&PAGE=toc&D=yrovft&AN=00024720-000000000-00000
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&NEWS=n&CSC=Y&PAGE=toc&D=yrovft&AN=00024720-000000000-00000
http://dx.doi.org/10.7326/0003-4819-147-7-200710020-00006
http://dx.doi.org/10.7326/0003-4819-147-7-200710020-00006
http://dx.doi.org/10.7326/0003-4819-147-7-200710020-00006
http://dx.doi.org/10.1016/j.radi.2014.03.010
http://dx.doi.org/10.1016/j.radi.2014.03.010
http://dx.doi.org/10.1016/j.radi.2014.03.010
http://dx.doi.org/10.1016/j.radi.2014.03.010

	Contents
	Dynamic Radiographs Not Always Essential in Diagnosis of Lumbar Spinal Instability
	Abstract
	Keywords:
	Introduction
	Materials and Methods
	Results
	Discussion
	Conclusion
	References


