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Abstract. [Purpose] We have previously shown inversion therapy to be effective in a small prospective ran-
domised controlled trial of patients with lumbar disc protrusions. Our purpose now was to measure symptoms and
to compare the surgery rate following inversion for 85 participants with the surgery rate in 3 control groups. [Partic-
ipants and Methods] Each of the 85 inverted participants acted as their own control for the “symptomatic” part of the
study. In the “Need for surgery” part of the study, one control group was made up of similar patients with leg pain
and sciatica who were referred to the same clinic in the same year. Two additional control groups were examined:
the original control group from the pilot trial and the lumbar disc surgery waiting list patients. [Results] Inversion
therapy relieved symptoms: there were improvements in the Visual Analogue Score, Roland Morris and Oswestry
Disease indices and Health Utility Score compared with their pre-treatment status. Also, the 2 year surgery rate in
the inversion participants in the registry (21%) was significantly lower than in the matched control group (39% at
two years and 43% at four years). It was also lower than the surgery rate in the other 2 control groups. [Conclusion]
Inversion therapy relieved symptoms and avoided surgery.
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INTRODUCTION

We have previously shown that inversion therapy reduced the need for surgery in patients with lumbar disc protrusions").
Low back pain is now the 4th most common cause of Disability Associated Life Years (DALYSs) in the 25 to 49 year old age
group? and it has become even more common over the last decade®. Low Back Pain (LBP) is its commonest main manifesta-
tion but sciatica is associated with the worst prognosis®. Reports of the prevalence of sciatica vary from 1-43%>). Physical
reduction in the size of the lumbar disc protrusion (LDP) may relieve the sciatica. This may be achieved with disc distraction
therapy (inversion or traction), natural resolution and healing, or with surgical excision which is performed in more than
15,000 adult patients in the United Kingdom annually and this figure has doubled in 10 years®. The cost of backpain and its
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treatment in Europe was estimated to be almost 2% of gross national product”.

Inversion therapy was used by Hippocrates some 2,400 years ago to treat spinal disorders® and was subsequently described
by Vidus Vidius, with reference to Hippocrates in 1544%). Modern inversion therapy is achieved on an inversion table (Fig. 1).

In a prospective randomised controlled trial (PRCT), we showed that inversion therapy reduced the need for surgery in
three out of four patients that had been added to a surgical discectomy waiting list in our UK NHS Hospital"). The purpose of
the current study was to evaluate the efficacy of inversion therapy in a larger cohort. We have now performed this compara-
tive effectiveness study in patients with lumbar disc disease, referred to the same neurosurgery unit and treated initially with
inversion therapy. Matched controls were identified from other referrals to the same unit. Operative surgery completion rates
were then evaluated in both groups. In addition, 2 other control groups were compared: the control group from the previous
PRCTY and the cases from the contemporaneous waiting list for surgery in the same neurosurgery unit. To evaluate the
efficacy of inversion on their own symptomatology, the inversion participants each acted as their own control before, during
and after inversion therapy.

PARTICIPANTS AND METHODS

This study has 2 parts: In the inversion register, each patient acted as their own control with regard to their own symptoms.
In the second part of the study, the rate of surgery of the patients in the registry was compared with the rate of surgery from
3 different control groups from the same neurosurgery clinic.

Patients referred to the neurosurgery department with lumbar disc disease during 2014 were considered for this study
by one of 4 (out of a dozen) consultant NHS neurosurgical staff and 102 eligible patients were referred into the study, of
whom 85 met the inclusion criteria. The study administrator contacted the patients to organise an assessment appointment
and five further inversion treatment appointments over a three-week period and sent them a pre-treatment self-assessment
questionnaire for completion. At the initial physiotherapy assessment appointment, the study physiotherapist checked them
for eligibility, took consent and started inversion treatments. Teeter inversion tables (Fig. 1) were used throughout with a
minimum of two minutes’ inversion repeated up to six times over a 30-minute period. Patients were inverted to the maximum
tolerated angle for each patient (45 to 90 degrees head down from the horizontal). After the sixth clinic treatment, the patient
was contacted to organise delivery of an inversion table to their home. They were advised to self-invert at least two or three
times per day. Patients were reviewed in clinic 6 weeks later and the physiotherapy 2nd assessment was completed. Six
and twelve months after recruitment, follow-up self-assessment questionnaires were sent to the patients. If these were not
returned a further copy was posted and the patient was contacted by phone. Further telephone follow up was used to track the
rate of surgery up to 2 years after recruitment to the registry. The rate of surgery in these registry patients was compared with
3 different control groups in the second part of the study.

Patients aged 18—75 were eligible for inclusion in the registry if they were within 6 months of a current attack of pain with
a single level unilateral disc as shown on MRI and surgery was indicated. Patients were excluded if they were pregnant, had
cauda equina syndrome, symptoms or signs of bladder impairment, had a progressive neurological deficit, had a history of
significant cardiorespiratory disease in the last six months, had any other medical condition precluding a head down position
(as defined in the protocol).

Fig. 1. Inversion using gravity on the Teeter Inversion table with the patient in 3 positions: initial (faintest), horizontal (restraint strap
looped and loose) and inverted to 50 degrees from the horizontal (limited by the restraint strap becoming rigid and tight). The
horizontal position is achieved with the upward stretching of one arm and the inverted position is achieved by the cranial-ward
out-stretching of both arms. Return to the initial position is achieved by the return of both arms to the patient’s side. The angle
of inversion can be changed by adjustment of the length of the strap. Images supplied by Teeter from Teeter.com.
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The primary outcome measure was avoidance of surgery and constitutes the second part of the study. Other outcome mea-
sures were the Roland Morris Disability Questionnaire (RM)!9, Oswestry Disability Index (ODI)!", Health Utility Score!?
and a Visual Analogue Scale (VAS) of current pain. Each registry patient acted as their own control for these outcome
measures.

Responses regarding these secondary outcomes in the 85 out of 102 registry patients at 12 months were used when avail-
able but if the patient did not respond at 12 months the 6 month response was used. With regard to the primary outcome of
surgery, the question about whether the patient had surgery or not was ascertained from the patient in the outcome question-
naire, from the electronic hospital records or again over the telephone. The last check on whether the patient had undergone
surgery or not since the study was undertaken in the spring of 2018.

To compare the inversion registry patients with matched controls, all patients, except those in the registry, who were seen
in the neurosurgery clinic in 2014 with leg pain or sciatica recorded in the outpatient clinic letter were identified using a
text search on the electronic record system (2,045 patients). Three different but matching cases with leg pain or sciatica of
the same gender with a date of birth within two months of that of each inversion therapy registry patient were selected from
these 2,045 patients and the first two of the three were selected for the study control group. The medical records were then
checked by two consultant neurosurgeons (ADM and PM) to confirm the diagnoses and to obtain details of the date of onset,
date of clinic visit, imaging, whether listed for surgery and to confirm the date and type of surgery. If a control was found
not to be matched, the third case was then used. Sometimes only I case match could be found. Nerve root injections were not
considered as definitive surgery.

To compare the inversion registry patients with a second group of controls from the neurosurgery waiting lists for lumbar
spinal surgery, two data files were obtained from the same hospital (Newcastle upon Tyne NHS Foundation Trust). The
first included all patients added to the neurosurgical waiting list during 2014 for the procedures shown in Table 1. For these
procedures, the expected ICD 10 diagnostic codes would be M511, M512, M513. The second file contained admissions for
the same patients between 01 January 2014 and 31 December 2015 (covering the recruitment year plus a 1 year follow-up
period). Those admitted for surgery created the second control group.

Both files included more than one data line for some patients—this could be because they had had a cancelation and were
added back on the waiting list or they could be admitted and not treated and admitted again later. The files were thus edited
to provide one line per patient. This list excluded patients who were on the registry.

Numbers and percentages are reported. Changes in outcome measures are compared with baseline using paired t-tests
(continuous variables), Wilcoxon signed rank tests (scaled variables) or McNemar tests (binary variables) as appropriate
(Table 2). Kaplan Meier survival analysis were undertaken comparing time from the date of referral to the study, from the
date seen in the clinic with the MRI scan until the date of operation or to the last time that the notes were checked or the
patient contacted if there was no operation. All statistical analyses were conducted using IBM SPSS version 22.

The study was reviewed by the National Research Ethics Service Committee North West-Preston (Ref:13/NW/0757;
IRAS ID 135078). Data were collected in accordance with current UK Information Governance Guidelines.

NHS Health Research Authority Approval is summarised at: www.hra.nhs.uk/planning-and-improving-research/applica-
tion-summaries/research-summaries/prof-mendelow-backswing-comparative-effectiveness-research-study

All participants in the registry gave written informed consent as specified in the Ethical Approval.

Table 1. Waiting list procedures identified for database

V251 Primary extended decompression of lumbar spine and intertransverse fusion of joint of lumbar spine
V252 Primary extended decompression of lumbar spine NEC

V253 Primary posterior decompression of lumbar spine and intertransverse fusion of joint of lumbar spine
V254 Primary posterior laminectomy decompression of lumbar spine

V255 Primary posterior decompression of lumbar spine NEC

V256 Primary lateral foraminotomy of lumbar spine

V258 Other specified primary decompression operations on lumbar spine

V259 Primary anterior excision of lumbar intervertebral disc NEC

V331 Primary laminectomy excision of lumbar intervertebral disc

V332 Primary fenestration excision of lumbar intervertebral disc

V334 Primary anterior excision of lumbar intervertebral disc NEC

V337 Primary microdiscectomy of lumbar intervertebral disc

V338 Other specified primary excision of lumbar intervertebral disc

V339 Unspecified primary excision of lumbar intervertebral disc

V351 Primary excision of intervertebral disc NEC

Vo671 Primary posterior lumbar medial facetectomy

V672 Primary hemilaminectomy decompression of lumbar spine
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Table 2. Responses to self-completed questionnaires at pre-treatment and outcome including change from pre-treatment questionnaire

Pre-treatment questionnaire Outcome questionnaire Change in score from Test and
responses responses pre-treatment questionnaire  significance
N=77 N=70 N=70
Visual analogue pain score 6(4,7)1,10 3(1,5)0, 10** -2 (—4,0) -9, 4 Wilcoxon
p<0.0001
Any pain medication 56 (73%) 34 (49%) McNemar
p=0.002
Employed 49 (64%) 48 (69%) McNemar
p=0.250
Roland Morris score 10 (6, 15) 1,22 5(1,12) 0,23 =3 (-7, 0) =20, 12%** Wilcoxon
p<0.0001
Oswestry Disability Index 40 (28, 56) 6, 92* 22 (12, 40) 0, 82** —10 (26, —2) —80, 30" Wilcoxon
p<0.0001
EQ5DSL utility 0.68 (0.48, 0.79) —0.17,0.94  0.83 (0.67, 0.89) —0.03, 1.00  0.07 (0, 0.23) —0.32, 0.80***  Paired t-test
p<0.0001
Oswestry Disability 14 (18%)* 35 (51%) McNemar
Index <22 p<0.0001

Continuous variables expressed as: Median (IQR) range.

*1 patient did not respond; **2 patients did not respond; ***3 patients did not respond to both questionnaires; ~4 patients did not re-
spond to both questionnaires; *"6 patients did not respond to both questionnaires. Outcome responses were the last of 6 or 12 month
questionnaire.

RESULTS

One hundred and two patients were identified for the Inversion Registry. Figure 2 shows the Study flow chart for this
registry. Of 102 patients referred to the study Physiotherapist, 9 did not attend. The study Physiotherapist assessed 93 patients
and 8 were found to be ineligible.

They were aged 20 to 78, median 47 years. They were experiencing high pain levels on the day of this initial assessment.

Following 6 treatment sessions in clinic, patients were offered a table at home and 81 took up this offer. Four did not, either
because they could not tolerate the inversion and wanted surgery as soon as possible or because they had no room for the
table at home. Two of these had surgery. A further 5 patients returned the inversion table after a short time because of a lack
of space at home and/or no further need.

Table 3 also shows the status of the 66 patients who returned to clinic at six weeks for assessment by the physiotherapist.
It shows that patients reported lower levels of pain at this time.

Table 2 shows the responses to the pre-treatment self-completed questionnaires indicating the level of disability prior to
treatment for the 77 who returned the questionnaire.

Not all patients returned both their 6 and 12-month outcome self-assessment questionnaires but in total a response was
obtained from 70 patients at one or both time points. Responses were obtained at both time points from 38, at 6 months
only from 23 and from 9 at 12 months only. The patients who completed a 6-month but not a 12-month questionnaire were
contacted by phone and they reported no change in status compared with that at 6 months.

Of the 85 patients recruited to the study 18 (21%) had surgery within 24 months (14 within 12 months of recruitment)
(Fig. 3). In addition, of the 8 patients assessed by the Physiotherapist as “not eligible for inversion therapy” 2 had surgery
during the year. A further investigation, up to 31st March 2018, of time to surgery, found that no further registry patients had
undergone surgery. The time to surgery varied between 64 and 716 days with a median of 230 days.

Of the 70 patients returning an outcome self-assessment questionnaire there appeared to be improvements in median VAS,
RM, ODI and Health Utility compared with the pre-treatment questionnaire. Table 2 shows the values on these measures
at outcome and the change from baseline. Three quarters of the patients (49/66, 74%) had a lower pain score at follow-up
and 12% (8/66) had no change. Similarly, 75% (48/64) had an improvement in Oswestry Disability Index and 69% (46/67)
showed an improvement on Roland Morris score.

Of the 70 patients who returned an outcome questionnaire 12 had surgery; of the 15 who did not, 6 had surgery.

For the waiting list controls from 2014, the initial file contained 628 entries and the admissions file 679 entries. After
cleaning there were 540 cases in the dataset varying in age from 18 to 84 with a median age of 52 and 517 (96%) had surgery
within 12 months of being put on the waiting list. The time to surgery varied between 0 and 369 days with a median of 109
days (Fig. 3).

For the matched controls 3 were identified (see methods) for each of 78 remaining registry patients. The electronic record
was searched for operation notes for these controls up to 31 March 2018. There were 126 cases in the dataset varying in age
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Study flow chart
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Fig. 2. Study flow chart showing patients as they were assessed in the registry and their pathway through the study to show operative
interventions.

from 19 to 79 with a median age of 47 and 54 patients (43%) had surgery by the end of the follow up period, 49 patients (39%)
within 2 years. The time to surgery varied between 1 and 1,458 days with a median of 116 days (Fig. 3).

DISCUSSION

This study suggests inversion therapy reduces symptoms and the rate of surgery in patients with lumbar disc disease and
sciatica. The comparative groups were made up of contemporaneously collected patients with the same symptoms during the
same year (2014). During that and subsequent years 43% of patients with leg pain and/or sciatica underwent invasive open
operations. By contrast, only 14 of the 85 patients having inversion therapy (16%) underwent surgery within 1 year and 21%
within 2 years. This rate of surgery in the inversion group confirms the rate seen in the pilot PRCT (22%). This compares
favourably with the 78% rate of surgery seen in control patients in that trial") and the 43% rate seen in the matched controls
reported here (Fig. 3).

After inversion treatment, we also saw improvement in the pain and disability measures in the registry patients, who acted
as their own controls for this part of the study. The median VAS at clinic assessment was 7 at baseline, 2 at six weeks and
3 at outcome according to the self-completed questionnaires. The baseline questionnaire VAS pain score reduced from 6 at
pre-treatment to 3 at outcome even though this was months after clinic attendances had finished. The median ODI fell from
40 to 22 and the median RM from 10 to 5. More than 75% of patients showed an improvement over the time period.

The main limitation of the study is that patients were not randomised. The control group was planned to have 2 matched
controls for each patient, but occasionally only 1 patient could be matched. Also, case selection in the registry was made
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Table 3. Status at initial and six-week assessment

Baseline assessment Six-week assessment
N=85 N=66
Age (Median, IQR, Range) 47 (39, 58) 20, 78 47 (40, 56) 22,78
Male (%) 39 (46%) 28 (42%)
Visual analogue pain score (Median, IQR, Range) 7(6,7)0,10 2(0,5)0,10
Symptoms
Backpain (%) 73 (86%) 33 (50%)
Sciatica (%) 60 (71%) 21 (32%)
Side
Right (%) 27 (32%) 15 (23%)
Left (%) 25 (29%) 8 (12%)
Both (%) 16 (19%) 5 (8%)
None/Not Recognised (%) 17 (20%) 38 (58%)
Tests-straight leg raise
Normal (%) 17 (20%) 29 (44%)
Reduced (%) 67 (79%) 37 (56%)
Unable to test (%) 1 (1%)
Tests-myotomes
Reduced (%) 29 (34%) 18 (27%)
Normal (%) 45 (53%) 48 (73%)
Not Recorded (%) 11 (13%)
Tests-reflexes
Normal (%) 44 (52%) 41 (62%)
Diminished (%) 31 (37%) 22 (33%)
Absent (%) 2 (2%) 2 (3%)
Unable to test (%) 1 (1%)
Not Recorded (%) 7 (8%) 1 (2%)
Dermatomes
Normal (%) 32 (38%) 40 (61%)
Diminished (%) 41 (48%) 26 (39%)
Unable to test (%) 1 (1%)
Not Recorded (%) 11 (13%)

Continuous variables expressed as: Median (IQR) range for age and Visual Analogue Scores.

by only four of the neurosurgeons in the unit, while the control group came from all twelve neurosurgeons in the unit. The
surgical waiting list criteria are broadly similar for all neurosurgeons but the inclusion criteria for the registry were specific
and may also represent a bias. Nevertheless, the overall 12-month lumbar disc surgery rate for similar patients put onto the
neurosurgical waiting list in 2014 was 96%: much higher than in the matched pairs control group (Fig. 3).

Inversion Therapy has been practiced for thousands of years® °). Inversion therapy was again published as an effective
treatment by Sheffield!® in 1964 and since then numerous studies have referred to the use of inversion as an effective form of
traction to produce lumbar disc distraction of up to 4 mm at each disc space, mainly at L.3/4 and L4/5'4-16),

In a separate study, sixty percent body weight traction load was required to reduce the intra disc pressure by 25%!7).

Inversion uses gravity to produce a traction force that is much larger than that which can be achieved on conventional
horizontal traction tables. Beurskens et al. performed a randomised clinical trial'®, which regarded less than 25% of the body
weight as low dose traction while 35% to 50% of body weight was what they called real traction. However, that trial, which
showed no benefit from inversion, was in patients with non-specific back pain rather than MRI-proven disc protrusion with
sciatica, as in our study. By contrast, in patients with lumbar disc protrusions, mechanical lumbar traction (not inversion)
was effective at improving the Oswestry Disease Index in patients using a 5 point predictive scoring system'?. Similarly,
mechanical lumbar traction in patients with low back and leg pain due to nerve root compression produced greater improve-
ments in disability and fear avoidance beliefs at 2 weeks but not at 6 weeks compared with controls??). However, in a PRCT
involving similar patients, Thackeray et al. showed that mechanical lumbar traction did not improve outcome compared with
an extension orientated treatment approach?!). Hahne et al. systematically reviewed traction with lumbar disc herniation in
2010 and found that there was no benefit*?).
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Fig. 3. Probability of remaining surgery free in the inversion registry vs. Matched controls from clinic list (Logrank test p<0.001).
Backswing I Inversion cases and controls from the previous PRCT (1). Hospital waiting list controls from the Neurosurgery
lumbar spine operative waiting list in 2014, followed through to 2015.

Cheng et al. also performed a systematic review and meta-analysis about the effect of mechanical traction and showed a
significant short-term benefit but there was no long-term benefit?®). Neither of these 2 systematic reviews of traction included
inversion therapy.

The existing small published PRCT" and this current case-controlled study demonstrate a reduced need for surgery
compared with controls. Also, in the inverted patients, their symptoms were significantly less severe than they were before
the inversion therapy. Our study makes a strong case for setting up a large PRCT of inversion therapy for these patients.

The forces that gravity exerts during inversion in patients with lumbar disc protrusions relieved their symptoms and
avoided the need for surgery.
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