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Lumbar disk prolapse: response to mechanical physiotherapy in
the absence of changes in magnetic resonance imaging. Report of

11 cases

Abstract

BACKGROUND: Lumbar disk prolapses are among the most common neurological conditions. In this
open study, we asked whether repeated end-range spinal movements (McKenzie method) as
physiotherapy in patients with lumbar disk prolapse induce early changes in location, size and signal
intensity of lumbar disc material detectable by magnetic resonance imaging (MRI). We compared
clinical with radiographic changes. The clinical efficacy of mechanical physiotherapy according to the
McKenzie method within 5 days was documented. METHODS: Eleven consecutive patients with
lumbar disk prolapse were included. Patients were treated with repeated end-range spinal movements
and MRI was performed before and after 2-5 treatments. RESULTS: All patients achieved a reduction in
symptoms and signs of disk prolapse during and after these procedures but none showed any change in
the MRI features of the prolapses. CONCLUSIONS: Beneficial effects of specific mechanical
physiotherapy in patients with radicular syndromes from lumbar disk prolapse are not paralleled by
changes in the MRI appearance of the prolapses. Alternative explanations for the early clinical
responses in some patients with lumbar disc prolapse treated according to the McKenzie method must
be sought.



Lumbar disk prolapse: response to mechanical physiotherapy in the absence of 

changes in magnetic resonance imaging. Report of 11 cases.  

Doris Broetz, Ulrich Hahn, Evelin Maschke, Wolfgang Wick, Wilhelm Kueker, 

Michael Weller  

 

D Broetz, PT, is Physical Therapist, Center for Therapy and Department of General 

Neurology and Hertie Institute for Clinical Brain Research, University of Tübingen, 

Germany  

U Hahn, MD, was Neuroradiologist, Department of Neuroradiology, University of 

Tübingen, Germany when this study was conducted. 

E Maschke, PT, was Physical Therapist, Center for Therapy and Department of General 

Neurology and Hertie Institute for Clinical Brain Research, University of Tübingen, 

Germany when this study was conducted.  

W Wick, MD, was Neurologist, Department of General Neurology and Hertie Institute 

for Clinical Brain Research, University of Tübingen, Germany when this study was 

conducted.  

W Kueker, MD, was Neuroradiologist, Department of Neuroradiology, University of 

Tübingen, Germany when this study was conducted. 

M Weller, MD, is Professor and Chairman, Department of General Neurology and 

Hertie Institute for Clinical Brain Research, University of Tübingen, Germany. 

All authors provided concept/idea/research design/writing, and data analysis. 

Address correspondence to: D. Broetz, Center for Therapy and Department of General 

Neurology and Hertie Institute for Clinical Brain Research, Hoppe-Seyler-Str. 3, 72076 

Tübingen, Germany, Telephone: +49 7071 2983263, Fax: +49 7071 29 5331, E-mail: 

doris.broetz@web.de



Lumbar disk prolapse: response to mechanical physiotherapy in the absence of changes in magnetic resonance imaging                                    2

Lumbar disk prolapse: response to mechanical physiotherapy in the absence of changes in 

magnetic resonance imaging. Report of 11 cases. 

 



Lumbar disk prolapse: response to mechanical physiotherapy in the absence of changes in magnetic resonance imaging                                    3

Abstract 

 

Background. Lumbar disk prolapses are among the most common neurological 

conditions. In this open study, we asked whether repeated end-range spinal movements 

(McKenzie method) as physiotherapy in patients with lumbar disk prolapse induce 

early changes in location, size and signal intensity of lumbar disc material detectable by 

magnetic resonance imaging (MRI). We compared clinical with radiographic changes. 

The clinical efficacy of mechanical physiotherapy according to the McKenzie method 

within 5 days was documented. Methods. Eleven consecutive patients with lumbar disk 

prolapse were included. Patients were treated with repeated end-range spinal 

movements and MRI was performed before and after 2-5 treatments. Results. All 

patients achieved a reduction in symptoms and signs of disk prolapse during and after 

these procedures but none showed any change in the MRI features of the prolapses. 

Conclusions. Beneficial effects of specific mechanical physiotherapy in patients with 

radicular syndromes from lumbar disk prolapse are not paralleled by changes in the 

MRI appearance of the prolapses. Alternative explanations for the early clinical 

responses in some patients with lumbar disc prolapse treated according to the 

McKenzie method must be sought. 

 

Key words: conservative treatment, physiotherapy, lumbar disk prolapse, magnetic 

resonance imaging  

Short title: Lumbar disk prolapse: mechanical physiotherapy and changes in magnetic 

resonance imaging 
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Introduction 

Although lumbar radicular syndromes due to disk prolapses are among the most 

common neurological conditions, there is no consensus on their appropriate 

management. Thus, the roles of surgery, physiotherapy and pharmacological treatment 

have remained obscure. Previously the clinical effects of mechanical physiotherapy 

using repeated end-range spinal movements based on the McKenzie method [26] in 

patients with neuroradiologically confirmed lumbar disk prolapse have been shown [8, 

9]. It was noticed that a significant proportion of patients show pain centralisation and a 

prominent reduction in neurological symptoms and signs within the short time of 5 

days of mechanical physiotherapy. Accordingly, in the present study, we asked whether 

mechanical physiotherapy, when clinically successful, induces early changes detectable 

by magnetic resonance imaging (MRI). Understanding the mechanism underlying the 

clinical benefit of this specific therapeutic approach could help to standardise the 

management of patients with disc herniation. Decision making for or against disc 

surgery could be supported. 

Disc herniation is associated with mechanical causative factors and is hence principally a 

mechanical problem. Whole body vibration, prolonged sitting, rotation and flexion of the 

spine can all produce extrusion of the nucleus pulposus [1, 2, 6, 27]. Radiating pain and 

neurologic deficits can be induced by compression of the nerve root as well as by 

inflammation [10, 31].  

 It is known that extruded discs tend to decrease in size over a period of several 

months [10, 16, 23, 24, 28, 30]. MRI and computed tomography (CT) have been used to 

show this. In the cited studies regression of prolapsed discs correlated with clinical 

improvement. However, no previous study has assessed whether such visible changes in 

size of disc herniation as well as in clinical signs and symptoms occur in the short 

course of only a few days. Further, little is known about the correlation between the 
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extent of disc herniation and clinical signs and symptoms [4, 10, 20, 21, 25, 31]. 

Moreover, the mechanisms that induce such changes are also unclear.  

 
Flexion of the spine is accompanied by posterior migration of the nucleus pulposus and 

extension of the spine is accompanied by anterior migration of the nucleus pulposus [2, 

15]. McKenzie and May proposed that compensatory pressure on the disc in the 

direction of the lesion can reduce the displacement of the nucleus if the outer annular 

wall is intact [26]. We here assessed whether in the case of a disc prolapse, even when 

sequestrated, repeated end range spinal movements induce early changes in location and 

size of lumbar disc material detectable by MRI. 
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Patients and Methods 

Eleven consecutive patients (4 female, 7 male) with a history of referred leg pain for 5 

days up to 2 years (median 5 weeks) and lumbar disk prolapse confirmed by MRI who 

gave informed consent were treated with mechanical physiotherapy (Ethics committee 

approval 318/2002). The patients were between 18 and 65 years of age and could have 

sensory and motor neurological deficits (Tables1 and 2). 

The physical therapy concept [26] proposes a mechanical diagnostic evaluation which 

forms the basis for mechanical physiotherapy guided by the reduction of neurological 

symptoms and signs. Peripheralization and centralization refer to changes in the 

projected area of radicular pain associated with lumbar disc disease [3, 13, 26]. The 

physiotherapy aims specifically at identifying therapeutic movements of the spine 

which promote centralization and avoid peripheralization. These movements are 

learned and subsequently used by the patients who need to actively participate in the 

therapeutic strategy both as in-patients and out-patients. Mechanical physiotherapy is 

an effective treatment strategy for many patients with lumbar disc prolapse [8, 9]. 

Changes in pain location and intensity occur immediately during exercises. Hence 

improvement is associated directly with the therapeutic approach. 

The following data were documented to assess the clinical course of the disease: 

• Weakness grade 4: full range of motion against resistance, but not full power; 

weakness grade 3: full range of motion against gravity, but unability to move 

against resistance; weakness grade 2: full range of motion in the absence of 

gravity; weakness grade 1: impaired motion in the absence of gravity, but 

muscle activity detectable [11, 18]  

• Pain was graded on a numeric analog scale (0, no pain, 10, worst pain) 

• Reduction of sensory loss involved either reduction in the area of sensory loss 

or in the intensity of sensory loss 
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•  The neural tension test straight leg raise (SLR) was measured in degrees 

• The median disability score according to Roland and Morris 1983 [29] was 

documented 

• Radicular pain was measured in cm as the distance from the affected spinal 

segment (vertebra) to the distal demarcation of referred pain 

• The number of patients who used analgesics was documented 

• The number of patients who needed surgery was documented  

All patients were evaluated by MRI before the first treatment with repeated end range 

spinal movements and were reevaluated by MRI at a median of 5 days later (range: 3-7 

days). Two independent blinded observers (U.H., W.K.) evaluated all MRI films. 

Specific attention was paid to changes in the size and location of the prolapsed disc 

material as well as the signal intensity and the topographic relation between prolapse 

and nerve root. 

https://www.researchgate.net/publication/16972755_A_Study_of_the_Natural_History_of_Back_Pain?el=1_x_8&enrichId=rgreq-2d0ed4712eec935292243fdf16c06282-XXX&enrichSource=Y292ZXJQYWdlOzUyOTQ4OTQ7QVM6MTA0NjAyOTQyODM2NzM5QDE0MDE5NTA2OTQyNjQ=
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Results 

Patient characteristics  

Demographic data on all patients are summerized in table 1. Eight patients had a rather 

short history of pain, three had chronic lumbar disc problems. 

Clinical findings 

Mechanical physiotherapy involved repetitive end-range spinal movements in a 

preferred direction [22, 26]. Centralisation of pain occurred in 8 of 11 patients. 

Extension of the vertebral column reduced the symptoms in all patients. Ten of 11 

patients also performed rotation in a supine position with hips and knees bent or leg 

movements as therapeutic movements. All patients achieved a reduction in symptoms 

and signs of disk prolapse during and after these procedures. Clinical data at study 

entry, after 2-5 days of mechanical physiotherapy and at a follow-up visit after 51 days 

(median; range 30-78 days) are summarized in Table 2. One patient required surgery 

(see Table 1) at 4 weeks for persistent lumbar radicular pain after withdrawal of all 

analgesics. The data of patients with short (n=8) and long (n=3) history were pooled 

because there was no apparent difference between these small groups. 

Neuroradiologic findings 

The prolapses occupied more than 2/3 of the spinal canal in 1, more than 1/3 in 3 and 

less than 1/3 in 7 patients. Ten of 11 prolapses were sequestrated. None of the patients 

showed any change in the MRI features of the prolapses on days 3-7 after study entry 

(Figure). 

 

 

https://www.researchgate.net/publication/8162379_Does_it_Matter_Which_Exercise_A_Randomised_Control_Trial_of_Exercise_for_Low_Back_Pain?el=1_x_8&enrichId=rgreq-2d0ed4712eec935292243fdf16c06282-XXX&enrichSource=Y292ZXJQYWdlOzUyOTQ4OTQ7QVM6MTA0NjAyOTQyODM2NzM5QDE0MDE5NTA2OTQyNjQ=
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Discussion  

 

The results of the present small prospective clinical trial do not support the hypothesis 

that clinical responses to mechanical physiotherapy in patients with lumbar disc 

prolapse are associated with changes in the MRI appearance of these prolapses. Earlier 

studies had shown that long-term changes in the MRI appearance of lumbar disc 

prolapses show a weak correlation to the clinical course [20, 25].  

However, immediate effects of mechanical physiotherapy on MRI features have never 

been explored. Since 10 of 11 patients had no increase in their medication and 7 of 10 

patients had a decrease of medication between the MRI investigations, the clinical 

improvement likely resulted from mechanical physiotherapy and not from confounding 

drug therapy. Pain centralisation and reduction in clinical symptoms and signs of disk 

prolapse evolved during and persisted after physiotherapy and were therefore probably 

specific and not attributable to the natural course of the disease. 

Of note, this trial was not designed to prove or disprove the efficacy of physiotherapy, 

but to assess whether responses to physiotherapy are associated with changes on MRI.  

The mechanism that induces the long-term volume reduction of lumbar disc herniations 

is unclear. Dehydration, retraction into the intervertebral space, and resorption due to 

inflammatory reactions have been discussed [16, 17, 23, 24]. MRI provides information 

about the size and localization of herniated discs. The correlation between this 

information, and kind and intensity of clinical signs and symptoms are not well known. 

Even in asymptomatic volunteers disc abnormalities detected by MRI have been 

described. However, extruded disc herniations in symptom-free volunteers are unusual 

[5, 7, 14, 19, 32]. It is not possible to predict whether signs and symptoms will improve 

with conservative therapy or whether the patient will require surgery from 

neuroradiological findings alone.  

https://www.researchgate.net/publication/7936470_Natural_History_of_Patients_with_Lumbar_Disc_Herniation_Observed_by_Magnetic_Resonance_Imaging_for_Minimum_7_Years?el=1_x_8&enrichId=rgreq-2d0ed4712eec935292243fdf16c06282-XXX&enrichSource=Y292ZXJQYWdlOzUyOTQ4OTQ7QVM6MTA0NjAyOTQyODM2NzM5QDE0MDE5NTA2OTQyNjQ=
https://www.researchgate.net/publication/15045085_Computed_Tomographic_Follow-up_Study_of_21_Cases_of_Nonoperatively_Treated_Cervical_Intervertebral_Soft_Disc_Herniation?el=1_x_8&enrichId=rgreq-2d0ed4712eec935292243fdf16c06282-XXX&enrichSource=Y292ZXJQYWdlOzUyOTQ4OTQ7QVM6MTA0NjAyOTQyODM2NzM5QDE0MDE5NTA2OTQyNjQ=
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The clinical improvement alone justifies the therapeutic approach applied. It is 

nevertheless interesting, theoretically, to conjecture about the mechanism of the 

improvement. Can repeated end range movements of the spine shift the extruded disc, 

so that the nerve root is less compressed? Do these movements cause dehydration of the 

disc? Clinical and theoretical knowledge together could help to develop the best 

treatment strategy and to avoid ineffective or deleterious approaches in the treatment of 

patients with herniated discs. 

We find that the beneficial effects of mechanical physiotherapy in patients with 

radicular syndromes from lumbar disk prolapse are not paralleled by changes in the 

MRI appearance of the prolapses, suggesting that physiotherapy does not translocate or 

mobilize prolapsed disc material. Possible alternative explanations for the beneficial 

effect of mechanical physiotherapy include a decrease in the pressure on the prolapsed 

tissue as a result of a relocation of disc material remaining in the intervertebral space, 

enhanced diffusion of proinflammatory mediators from the site of root compression and 

a recovery of function resulting from mobilization. 

Conclusion 

The use of repeated end range spinal movements was clinically effective in the treatment of 

patients with lumbar disc herniation. This method of physiotherapy is mechanical, but the 

mechanical effects on the herniated disc and compressed nerve root remain unclear. Further 

MRI studies, in a larger group of patients, before and after specific physiotherapy could be 

helpful to clarify the mechanism of clinical improvement. Randomised controlled trials have 

to prove whether one specific therapeutic intervention is superior to another specific 

intervention or natural history.
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abnormalities, and osteoarthritis of the facet joints in asymptomatic volunteers. 

Radiology 209 (1998), 661-666 
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Table 1: Demographic data 

Patient No. Age 
[years] 

Gender History of pain Surgery for lumbar disc 
prolapse  

01  44 female acute (up to 6 weeks) no 
02  49 male acute yes 
03  51 female acute no 
04   33 male acute no 
05   47 male acute no 
06  41 male chronic (over 6 weeks) no 
07   34 female chronic no 
08   67 male acute no 
09  27 female acute no 
10  41 male acute no 
11  38 male chronic no 
 

 

 

 

 

 

Table 2. Patient characteristics at diagnosis and after 5 treatment sessions.a 

 

Patient status at diagnosis after 5 treatment 
sessions 

 

At first follow-up

No weakness 5/11 (45%) 7/11 (63%) 7/10 (70%) 

Weakness (grade 4)b 3/11 (27%) 1/11 (9%) 2/10 (20%) 

Weakness (grade 3)b 2/11 (18%) 2/11 (18%) 0/10 (0%) 

Weakness (grade 2)b 0/11 (0%) 1/11 (9 %) 1/10 (10%) 

Weakness (grade 1)b 1/11 (9%) 0/11 (0%) 0/10 (0%) 

Pain 5-10c 9/11 (81%) 2/11(18%) 2/10 (20%) 

Pain 1-4c 2/11 (18%) 7/11 (63%) 4/10 (40%) 

Sensory loss 7/11 (63%) 4/11 (36%) 3/10 (30%) 

Reduction of sensory lossd n.a.g 4/4 (100%) 3/3 (100%) 

SLR (median±SEM and 

range in degrees)e 

50±7.2 (10-90) 65±4.9 (39-90) 

 

66± 4.5 (50-95) 

Disability score28  (median) 13 (8-20)  9 (4-17) 7 (0-12) 

Radicular pain extensionf 

(median) 

65 (7-119) 7 (0-102) 0 (0-78) 
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Therapy with analgesics 8/11 (72%) 6/11 (54%) 2/10 (20%) 

Operated n.a.5 0/11 (0%) 1/11 (9%) 

 
acolumn 4 include only 10 patients not operated for lumbar disk disease 
bweakness grade 4: full range of motion against resistance, but not full power; 
weakness grade 3: full range of motion against gravity, but unability to move against 
resistance; weakness grade 2: full range of motion in the absence of gravity; weakness 
grade 1: impaired motion in the absence of gravity, but muscle activity detectable (11, 
18) 
cpain was graded on a numeric analog scale (0, no pain, 10, worst pain) 
dreduction involved either reduction in the area of sensory loss or in the intensity of 
sensory loss 
estraight leg raise (SLR) was measured in degrees 
fradicular pain was measured in cm as the distance from the affected spinal segment 
(vertebra) to the distal demarcation of referred pain 
gn.a. not applicable 
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Figure legend.  

Transverse T2-weighted MRI of patient P.E. before the first treatment (a) and after 5 

treatment sessions (b) showing a left mediolateral disc prolapse at the level of L5/S1 

(arrow). The disk is hypointense compared with the adjacent CSF and compresses 

nerve root S1. There is neither a change in size nor location and signal intensity 

between both examinations. 

 

 

 

 

 

 

 

 a      b 

V i e w  p u b l i c a t i o n  s t a t sV i e w  p u b l i c a t i o n  s t a t s
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