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Abstract.

BACKGROUND: McKenzie standing trunk extension exercises have been used for the management of low back pain (LBP).
However, no study to date has investigated the effect of standing trunk extension postures on spinal height and clinical outcomes.
OBJECTIVE: To evaluate in subjects with LBP following a period of trunk loading how spinal height, pain, symptoms’
centralization and function outcome measures respond to two standing postures interventions: (1) repetitive trunk extension (RTE)
and (2) sustained trunk extension (STE).

METHODS: A consecutive sample of convenience of people with LBP were recruited to participate in 2-session physical therapy
using either RTE or STE in standing.

RESULTS: Thirty participants (18 women) with a mean age of 53 4= 17.5 years completed the study. The first session resulted in
spinal height increase (spinal growth) of 2.07 & 1.32 mm for the RTE intervention and 4.54 + 1.61 mm for the STE group (p <
0.001; ES = 1.67), while the second session (2-week following the first session) resulted in spinal growth of 2.39 + 1.46 mm for
the RTE group and 3.91 £ 2.06 mm for the STE group (p = 0.027; ES = 0.85). The STE group presented with the larger reduction
in most pain from 6 to 2 as compared to the RTE group from 6 to 4 between Session 1 and Session 2 (p < 0.001). There was no
difference between the groups in Modified Oswestry score and symptoms centralization (p = 0.88 and p = 0.77, respectively).
CONCLUSION: People with LBP experienced greater spine growth and improvements of pain during standing STE as compared
to RTE. People with LBP could use such postures and movements to alleviate their LBP and improve spine height while in a
weight bearing position.
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requiring days away from work amongst private in-
dustry, state and local government employees. Among
these injuries and illnesses, 16.6% were low back re-
lated equating to 191,479 low back injuries requiring
days away from work [1].

The American College of Physicians and the Amer-
ican Pain Society classified low back pain (LBP) into
three categories: (1) nonspecific LBP; (2) LBP poten-
tially associated with radiculopathy or spinal stenosis;
and (3) LBP potentially associated with another spe-
cific spinal cause. Of these three, lumbar intervertebral
disc (IVD) herniation is one of the most common spinal
degenerative disorders leading to LBP associated with
radiculopathy [2,3,4]. In order to better understand the
IVD’s role in the development or persistence of LBP
and spinal stenosis, there have been many stadiomet-
ric studies primarily focused on lumbar spinal height
changes associated with various positions and move-
ments [6,7,8]. These studies were designed to investi-
gate if spinal height could be restored following spinal
shrinkage using various postures. Natural IVD height
preservation is so important that the biomedical field
has examined the use of growth factors for IVD bio-
logic regeneration [9]. This was done to more naturally
preserve IVD biomechanical and physiological function
as opposed to surgical disruption.

People spend about 61% of time standing in the
work and home environment [1]. Although prolonged
weight bearing postures, such as standing and walking,
have been associated with decreased spine height [10,
11] some studies reported that seated weight bearing
postures could result in spine height gain [12]. Sus-
tained and repetitive lumbar extension postures fre-
quently occur after periods of prolonged unloading such
as sleep. These extension postures are periodically re-
peated throughout the day during activities such as
standing and walking [1]. People presenting with direc-
tional preferences that include lumbar extension tend
to respond well to exercises geared toward trunk exten-
sion [13,14,15]. Significant and rapid changes in central
and distal pain intensity and location have resulted from
standing end range trunk extension in patients with low
back and referred pain [16]. Additional studies reported
that standing back extension exercises resulted in back
pain episodes’ prevention and decreased back pain in
care workers [17,18]. Standing exercises have the ad-
vantage to be functional and easily performed in work
and home settings [19].

Lumbar extension range of motion (ROM) is posi-
tively correlated with symptoms’ centralization in LBP
patients [20]. Clinicians assess symptoms’ centraliza-

tion, which refers to symptoms retreating towards the
spine midline in response to repeated movements or
guided positioning [21,22]. The operational definition
and measurement techniques for centralization have
been laid out in several studies [23,24]. Several methods
have been used to increase spinal ROM including static,
repeated, passive postures, and proprioceptive neuro-
muscular facilitation. Both standing and prone lumbar
extension postures are effective for treating low back
dysfunction syndrome [25]. However, which method
is best suited for increasing spinal ROM remains de-
bated [26,27]. One author found static prone postures to
increase ROM more effectively with 30-60 second sus-
tained postures as compared to 15-second postures, but
no difference between the effectiveness of 30-second
and 60-second postures [28,29]. Additionally, patients
with LBP chose to perform their extension posture for
home exercise in standing 80.8% of the time and only
19.2% of the time in the prone position, resulting in
similar clinical outcomes where both groups showed
equal improvements in lumbar extension ROM [30].

Previous studies investigated the effects of postures
and movements in lying (unloaded) or seated positions
on spinal height (Owens 2009, Gerke, et al. 2010; Pape
2018). These studies primarily focused on spinal height
following static patient positioning and showed that
both the lying and supported seated positions resulted in
mean spinal height gains of 2 to 5 mm. However, most
rehabilitation programs focused on LBP prevention and
management use both repetitive and/or sustained spinal
extension exercises to improve patients’ outcomes [32,
33]. Such exercises can be performed in lying or stand-
ing position. Although patients with acute and recur-
rent low back and referred pain tend to respond well
to directional preference postures [34], subjects with
chronic symptoms tend to display greater signs of sen-
sitization, biopsychosocial issues [35], and tend to re-
spond less favorably to directional preferences postures
and exercises [36].

No study to date has investigated the effects of stand-
ing extension postures on spinal height, pain, central-
ization and function. Therefore, the purposes of this
study will be to evaluate in a sample of LBP patients the
effect of standing trunk extension, both sustained and
repetitive, following a period of spinal loading, on (1)
spinal height; (2) pain; (3) symptoms centralization and
(4) functional measures. The results of this study could
impact rehabilitation programs that could use stand-
ing trunk extension postures at home or in the work
environment to grow and/or prevent spinal shrinkage.
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2. Methods
2.1. Research design(s)

A pre-test, post-test comparison group design (ran-
domized clinical trial) was used to determine how spinal
height changes in response to standing sustained trunk
extension (STE) and repetitive trunk extension (RTE)
after a period of spinal loading. The study used a 2
(between subjects — type of trunk extension: sustained
vs. repetitive) x 3 (within subjects — time: before vs.
after vs. 2 weeks after) mixed design to evaluate the
effects of STE and RTE in standing on spinal height,
pain, centralization and function outcome measures.

2.2. Power analysis — sample size

Power calculations were performed to determine the
sample size required for the study using the spinal
height change as the primary outcome measure. The
study was designed with the « value set at 0.05 and
B set at 0.2 [37]. The effect size was calculated using
G*Power 3.1 considering an increase spinal height of
4.00 = 1.5 mm in the STE group and 2.0 &+ 1.5 mm
in the RTE group based on pilot testing, resulting in a
large effect size of 1.1. Fifteen subjects were required
per group for Analysis of Variance (ANOVA) calcu-
lation. This required a total of 30 subjects to meet the
power analysis estimations for significance. Thirty-five
subjects were recruited and randomized to one of two
groups to account for attrition and subjects lost at follow

up.
2.3. Pre-study approvals

The Texas Tech University Health Sciences Cen-
ter Institutional Review Board (IRB) approved this
study (L19-024). The trial was registered at https://
clinicaltrials.gov (NCT03785457) prior to the start of
data collection in January 2019. This was followed by
stadiometric instrument reliability testing, with the first
subject entering the study in January 2020 and data
collection ending January 2022.

2.4. Subjects/specimens

Systematic consecutive sampling of 35 subjects with
musculoskeletal LBP were recruited from physician
offices, Sports medicine and Physical therapy clinic and
the general Fredericksburg community and surrounding
areas Our recruitment was inclusive of LBP subjects
that demonstrated a directional preference toward trunk
extension, regardless of the chronicity of symptoms to
increase the external validity of the findings.

— Inclusion Criteria were: (1) Ability and willing-
ness to come twice to the physical therapy clinic
for approximately 60 minutes each; (2) Subjects
with LBP and directional preference in back ex-
tension; (3) Age 18-80 [38]; (4) Ability to stand
for 5 minutes; (5) Ability to sit for 10 minutes;
and (6) Low back pain on Numerical Pain Rating
scale (NPRS) of at least 2/10 and less or equal to
9/10 [39].

— Exclusion Criteria were: (1) Pregnancy by sub-
ject report; (2) history of back surgery or spinal
fractures within the last six months; (3) his-
tory of spinal fusion or physician’s diagnosis
of spinal instability; (4) current history of acute
systemic infection, active inflammatory disease,
or malignancy; and (5) subjects engaged in le-
gal/compensation claims for their back symptoms.

2.5. Testing sequence

Subjects attended two physical therapy sessions to
complete the study.

2.5.1. Session 1

Each participant watched an audio-visual power point
presentation explaining the study, test procedures and
including a video describing the interventions (standing
RTE and standing STE). Written informed consent was
obtained. To determine directional preference, the prin-
cipal investigator (JH) used the guidelines set forth in
the directional preference definition [40] and based off
of standards set forth in randomized clinical trials [41].
A questionnaire including pertinent medical history was
completed. Participants completed (1) a Numerical Pain
Rating Scale (NPRS) to rate their current, minimum,
maximum and average LBP over the last two days [39]
as well as paresthesia signs/symptoms intensity; (2)
Body Diagram for indicating location of symptoms; (3)
Modified Oswestry LBP questionnaire [42]; (4) Fear
Avoidance Belief Questionnaire [43] (Fig. 1). A re-
searcher recorded participant’s height and weight. A
Flow chart illustrates study sequence in details (Fig. 2).

Participants meeting the criteria for study inclusion
completed a familiarization procedure to determine the
consistency to reposition themselves in the stadiome-
ter. Participants able to reposition themselves in the
stadiometer with a SD of 1.3 mm or less for five con-
secutive measurements [31,32,44] were included in the
study. The stadiometer digital display was covered to
blind the researcher performing the measurements.

At the beginning of data collection, a randomiza-
tion plan generator (http://www.randomization.com) as-
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Fig. 1. Consort chart.

signed each participant to one of two interventions: (1)
standing RTE at a rate of 10 per 45 seconds, repeated
five times with 15-second rest breaks; or (2) standing
STE for 5 x 45 seconds with 15-second rest breaks
(Fig. 3A & B). Each participant completed one interven-
tion. The participant underwent the test sequence after
a 10-minute period of trunk unloading in a supine pos-
ture to ensure spinal height was normalized [5,12,31,
32]. The participant repositioned on the stadiometer and
spinal height was measured after a relaxed exhalation
(Measurement 1) (Fig. 4A). The participant then under-
went a five-minute period of loaded upright sitting with
a 4.5 kg bag secured on each shoulder and spinal height
was measured (Measurement 2) (Fig. 4B) [5,31,32].
As continued spinal height reduction has been demon-
strated following loaded sitting, the participant under-
went an additional five minutes sitting without load and
spinal height was measured (Measurement 3) [5,31,
32]. The participant then underwent one intervention
for 5 minutes as previously described, according to the
randomization assignment.

The participant repositioned on the stadiometer and
spinal height was measured (Measurement 4). Partici-
pants scored their low back and lower extremity symp-
toms using NPRS [40], and mapped their pain on a
body pain diagram prior to intervention, immediately
after and 2-week following the intervention to deter-
mine pain rating and centralization of symptoms [8].
The principal investigator applied a numeric overlay

template to the participants’ body diagrams to docu-
ment the most distal pain location scores between 0
(no LBP) and 6. Higher score indicated a more distal
symptoms’ location.

2.5.2. Home instructions

Participants were instructed to continue to use their
medications, as prescribed by their primary healthcare
provider and not to change them during the follow-up
two-week period. A sheet including home exercise in-
structions was provided to each participant. Instructions
included RTE or STE based on random group assign-
ment, performed approximately 5 times per day. Each
participant completed a sheet recording home exercise
compliance.

2.5.3. Session 2

Participants completed same questionnaires, trunk
unloading procedure and four stadiometric measure-
ments as in Session 1. The participants then scored
their low back and lower extremity symptoms using
NPRS [39], and mapped their pain on a body pain dia-
gram.

2.5.4. Investigator blinding

The principal investigator was involved with data
collection, supervised positioning in the stadiometer
and stadiometric measurements. The investigator was
blinded to the intervention and the stadiometric mea-
surements during the experiment.



J.J. Harrison et al. / Sustained versus repetitive standing trunk extension on spinal growth and pain in low back pain 399

I Pre-Screenine for Inclusion Audio/VisualPower Point Written Informed Consent Obtained

| Medical Hx. NPRS (0ain and oaraeslhesza'- Bodv diagram. Mod Oswestrv. FABQ. Ht/Wt x

l Evaluation - Directional Preference. Familiarization Procedure with Stadiometer and Radomization

If subject is randomized to repetitive If subject is randomized to sustained
trunk extension group trunk extension group

H Supine Lying 10 minutes i i Supine Lying 10 minutes
I Measurement 1 (M1) l [ Measirement 1 (M1) ]
s Loaded Uoright Sitting 5 minutes i Loaded Upright Sitting S minutes :
e —— i ohemitvd R i ol s Kot SN e i iR
I Measurement 2 (M2) I I Measurement 2 (M2) ]
Uoright Sitting Without Load 5 minutes Upright Sitting Without Load S minutes
I Measurement 3 (M3) I [ Measurement 3 (M3) I
Trunk Fxt Measure 1 Lsing Inclinometers (TF1) | Trunk Ext Measure 1 Using Inclinometers (TE1) ) i
[ 10 trunk extensions in 45 sec. 15 sec rest x 5 ] 45 sec sustained extension, 15 sec restx 5 ]
‘ [ 2—
Measurement 4 (M4) | Measurement 4 (M4)
A4
I Trunk Ext Measure 2 Using Inclinometers (TE2) I Trunk Ext Measure 2 Using Inclinometers (TE2) l

PO, T——
NPRS. Bodv Diagram

¥
Two Weeks of HEP (see HEP form) I

. J————
NPRS. Bodv Diagram
v
I Two Weeks of HEP [see HEP form) I

Second Visit

Supine Lying 10 minutes
A4
[ Measurement 5 (M5) ]
¥

Loaded Uoright Sittine 5 minutes

l Measurement 6 (M6) I

I Measurement 7 (M7) ]
¥

| Trunk Ext Measure 1 Using Inclinometers (TE3) |

I 10 trunk extensions in 45 sec, 15 sec restx 5 ]

i NPRS (pain and paraesthesia), Body diagram, Mod C.)sweslrv & Familiarization Procedure with Stadiometer

Supine Lying 10 minutes
v
[ Measurement 5 (M5) ]
v

————— M N
Loaded Upright Sitting S minutes !

[ Measurement 6 (M6) ]

_ Uoright Sitting Without Load 5 minutes

[ Measurement 7 (M7) I

Trunk Ext Measure 1 Using Inclinometers (TE3) i

¥
I 10 trunk extensions in 45 sec, 15 sec rest x 5 l
v

I Measurement 8 (M8) 'OI Trunk Ext Measure 2 Using Inclinometers (TE4) }‘-: Measurement 8 (M8)

Fig. 2. Flow chart of test positions and testing sequence.

2.6. Data analysis

Descriptive and inferential statistics were carried
out using Excel and SPSS 23.0 for Windows (SPSS,
Chicago, IL, USA). Descriptive statistics including
mean, median, mode, standard deviation, minimum and
maximum values, frequency counts were collected for
age, height, weight, body mass index, pain, central-
ization, function (Modified Oswestry LBP Disability
Questionnaire), FABQ, spinal height, and spinal height
changes after repetitive and sustained standing trunk

extension after a period of spinal loading. To assess
differences between the groups for these variables at
the beginning of data collection, independent t-tests and
Mann Whitney-U were used. Levene’s test and Shapiro-
Wilk test of normality were used to test for variance and
measurements distribution of spinal height, changes in
spinal height, degrees of spinal extension, pain, and
function outcomes.

A Wilcoxon sign-rank test was used to assess differ-
ences in spinal height, centralization and pain outcomes
improvements following STE and RTE postures. A 2
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Fig. 3. Starting position for trunk extensions; B: End position for sustained trunk extension that was held for 45 seconds and repeated 5 times
(sustained trunk extension group), and for repetitive trunk extensions that were repeated 10 times for a period of 45 seconds followed by 15 seconds
break (repetitive trunk extension group).

Fig. 4. Position of participant — A: for spinal height measurement in stadiometer unit; and B: during spinal loading time in sitting with 51b on each
shoulder.
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Baseline characteristics of the 30 study participants by group

Repetitive trunk

Sustained trunk

Variables extension (RTE) group  extension (STE) group p values
Age (years) 59.13 + 15.84 48.53 + 18.48 0.10
Height (m) 1.49 +0.13 1.50 £ 0.11 0.73
Weight (kg) 67.93 +17.89 70.07 & 15.75 0.70
BMI 26.67 + 5.94 26.8 +4.63 0.95
NPRS (most) 5.80£2.24 5.37 £ 1.67 0.55
NPRS (average) 2.67 £ 1.40 333 +1.35 0.19
NPRS (minimum) 1.53 + 1.46 2.27 +0.80 0.10
NPRS (present) 2.40 £2.03 343 £1.72 0.15
Chronicity of symptoms (weeks) 399.00 £ 700.84 73.63 £+ 132.09 0.09
Modified Oswestry (visit 1) (%)& 19.60 =9 13£7 0.03*
Modified Oswestry (visit 2) (%)& 14.67 £ 11 6.40 +7 0.02*
Centralization median (IQR) & 2 (IQrR =3) 2 (IQR =2.5) 0.36
Gender 65& 9?9 65& 929 1
FABQ 23.60 £ 16.71 2220+ 11.24 0.79

Notes: BMI = Body Mass Index; NPRS = Numerical Pain Rating Scale; Mean £ Standard Deviation;
o= males; = females; FABQ = Fear Avoidance Beliefs Questionnaire; IQR = Interquartile range; £
indicates Mann-Whitney U test; *indicates statistical significance.

(between participants — type of trunk extension: STE
vs. RTE) x 2 (within participants — time: change at visit
1 and change at visit 2) mixed ANOVA’s examined dif-
ferences in (1) spinal height change and (2) function
outcomes as a result of sustained and repetitive standing
trunk extension after a period of spinal loading. Post hoc
paired t-tests explored further for significant differences
in spinal height, pain and function outcomes between
the four conditions. A 2 (between participants — type of
trunk extension: STE vs. RTE) x 4 (within participants
— time: pain before and after visit 1 and pain before
and after visit 2) Kruskal Wallis examined differences
in current and most pain as a result of STE and RTE
after a period of spinal loading. Post hoc tests were
conducted to record which groups displayed significant
differences. Alpha level was set at 0.05 for significance
for all tests and Bonferroni corrections performed as
needed.

3. Results

Of the 35 subjects recruited for the study, 34 met all
inclusion criteria. One subject was excluded secondary
to pain with standing trunk extension upon evaluation
after subjectively reporting no pain with this posture on
pre-screening questionnaire. Three participants devel-
oped pain several days after the first session while par-
ticipating in the home exercise program and were asked
to discontinue the program and no follow up session
was scheduled. One participant did not report pain with
the home program until the follow up session and at that
time, only NPRS, Modified Oswestry and pain body di-

agram questionnaires were completed. This participant
was excluded.

Thirty participants (18 women and 12 men) random-
ized into two groups of 15 with a mean age of 59.1 £
15.8 years for the RTE Group and 48.5 £ 18.5 years
for the STE Group (mean age of the entire sample was
53 £ 17.5 years) completed the study. Each group in-
cluded six men and nine women. Of the five partici-
pants that dropped out of the study, three were women
(mean age = 51.3 y.0.) and two were men (mean age
= 50 y.o.). At baseline, the groups were similar in
their demographic characteristics with the exception
of the Modified Oswestry LBP questionnaire, which
was lower for the STE group (p < 0.03) (Table 1). The
first physical therapy session resulted in spinal height
change (spinal growth) of 2.07 &= 1.32 mm for the RTE
group and 4.54 + 1.61 mm for the STE group (p <
0.001; ES = 1.67), while the second session resulted
in spinal growth of 2.39 £ 1.46 mm for the RTE group
and 3.91 + 2.06 mm for the STE group (p = 0.027;
ES = 0.85). Pairwise comparisons for most pain dur-
ing the past 48 hours showed that both groups reported
pain reduction before the second session as compared
to before the first session (p = 0.0013); however, the
STE group presented with larger, significantly different,
reduction in most pain from 5.4 £ 1.6 to 2.6 £ 2 as
compared to the RTE group from 2.4 +=2t0 1.9 + 2
(p = 0.0013; ES = 0.23), while for current pain the
STE group displayed pain reduction from 3.4 £ 1.8 to
0.87 £ 1.1 as compared to 2.4 + 2 to 1.9 £ 2 for the
RTE group (p = 0.006; ES = 0.24; n?; large effect)
For the Modified Oswestry, both groups improved from
initially to the second session (Table 2); however, nei-
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visits 1 and 2 changes

Table 2
Descriptive statistics including mean + standard deviation for pain, spinal height, function, and median-interquartile range for centralization for

RTE Group RTE Group Changes b/w STE Group STE Group Changes b/w
Variables Before immediately before and Before immediately before and
Session 1 after Session 1 after RTE Session 1 after Session 1 after STE
Treatment Session 1
NPRS (most) 5.80 +£2.24 NA NA 5.40 &+ 1.64 NA NA
NPRS (average) 2.67 £1.40 NA NA 333£1.35 NA NA
NPRS (minimum) 1.53 £ 1.46 NA NA 2.27 +£0.80 NA NA
NPRS (present) 2.40 +2.03 233 +1.88 0.07 347+ 1.81 233+ 1.35 1.14
Modified Oswestry (%) 19.60 +9 NA NA 13+7 NA NA
Spinal Height (mm) 246.30 +45.97  248.37 £ 45.61 2.07 257.46 +49.02  262.00 £ 49.50 4.54
Centralization (median and IQR) 2 (IQR =3) 2(IQR=1) 0 2(IQR=2) 1(IQR=1) 1
FABQ 23.6 + 16.71 NA NA 2220+ 11.24 NA NA
RTE Group RTE Group Changes b/w STE Group STE Group Changes b/w
Before immediately before and Before immediately before and
Session 2 after Session 2 after RTE Session 2 after Session 2 after STE
Treatment Session 2
NPRS (most) 420+ 246 NA NA 2.60 +2.03 NA NA
NPRS (average) 2.47 £1.96 NA NA 147 £ 1.81 NA NA
NPRS (minimum) 1.27 +1.39 NA NA 0.83 + 1.38 NA NA
NPRS (present) 220+£231 1.93 +1.98 0.27 1.00 £+ 1.13 0.87 £ 1.13 0.13
Modified Oswestry (%) 14.67 £ 11 NA NA 6.40 =7 NA NA
Spinal Height (mm) 24550 +45.30  247.90 4+ 44.93 2.39 258.17 £49.80  261.62 £ 49.58 391
Centralization (median & IQR) 2 (IQR =2.5) 1 IQR = 1.5) 1 1 (IQR =2) 1IQR=1) 0

Notes: RTE = Repetitive Trunk Extension; STE = Sustained Trunk Extension; Mean + Standard Deviation; = males; 2= females; FABQ =
Fear Avoidance Beliefs Questionnaire; NPRS = Numeric Pain Rating Scale; Centralization: positive numbers represent centralization; IQR =

Interquartile Range.

ther group achieved a 6point minimal clinical important
difference (MCID) [43], and there was no difference
between the groups (p = 0.88). Both groups centralized
by a median of 1 with no difference between the groups
(p = 0.213; ES = 0.262).

4. Discussion

This is the first study to evaluate spine growth dur-
ing standing extension postures commonly used in
Mechanical Diagnosis and Therapy (the McKenzie
Method) [46] in a population of people with LBP. Clin-
icians use such methods across a broad spectrum of
ages, pathologies and disabilities. Therefore, this study
was designed to avoid exclusion based on age and lum-
bar pathology as not to limit the generalizability of the
results and to better understand the effect of standing
trunk extension postures on these populations. Standing
trunk extension may be a safer option for cardiovascu-
lar patients because of less hemodynamic demand as
compared to prone or supine lying trunk extension [46].
Additionally, STE posture can be more practical and
easier to achieve for subjects depending on convenience
and physical ability. The results indicated that STE pos-
ture for 45 seconds repeated five times caused greater

spine growth as compared to RTE posture for 10 repeti-
tions repeated five times within five minutes, displaying
large effect sizes. Moreover, LBP decreased to a greater
extent when the participants did sustained versus repet-
itive trunk extension in standing. It is possible that the
RTE group showed less spinal height increase and pain
reduction due to their higher average age and chronicity
of symptoms (Table 2) This could be attributable to
the biomechanical changes that occur during the spinal
degenerative process of a depressurized nucleus and
irregular spikes of excessive IVD loading and an in-
creased neutral zone with advancing IVD degenera-
tion [47,48,49]. These findings suggest that people that
respond favorably to standing trunk extension exercise
could use such postures and movements to alleviate
their LBP and improve spine height while in a weight
bearing position. Four of the 35 participants with LBP
(11%) initially recruited for the study did not tolerate
the standing trunk extension exercise program and were
excluded from the study, indicating that such program
may not be appropriate for all patients with LBP. The
spinal growth recorded of about 4 mm during five time
45 seconds hold STE posture was similar to that re-
ported previously in the seated slouched position using
a lumbar support [51], which suggests that people ex-
periencing pain relief and symptoms’ centralization in
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such standing posture could adopt it to increase spine
height and rehydrate the lumbar IVDs Although the
spinal height changes were temporary, as shown in pre-
vious studies, new research shows that dynamic loading
significantly increases small and large solute transport
through the cartilage end-plates. The clinician’s goal
is therefore not to sustain spinal height growth but to
enhance transport of nutrients into the IVD [51].

Our results support those previously reported in
prone position where increased spinal height recovery
was greater following prone hyperextension (7 mm) as
compared to prone lying (6 mm) [52]. Moreover, both
prone [31] and supine hyperextended postures resulted
in spinal height increase (6.37 & 3.77 mm), which was
validated through Magnetic Resonance Imaging (MRI)
with increased lumbar curve resulting in increased ante-
rior IVD height compared with the IVD dimensions in a
neutrally positioned spine [5]. Most previous studies did
not examine these effects in a symptomatic population
or across such a large spectrum of ages.

Although lying postures resulted in greater spine
height growth of 5 mm [32] and larger decreased in
pain and centralization in elderly people with nerve
root compression syndromes [8] as compared to our
study results, the standing techniques used in our study
could be recommended as 57% (17 out of 30) of partic-
ipants in our investigation reported greater or equal to
2/10 pain improvement (MCID). Such improvements
in pain are noteworthy as the participants’ FABQ (Ta-
ble 2) averaged 23, which indicated a greater risk of
reporting no improvement in Oswestry Disability Ques-
tionnaire at 6-month and persistent problems [53]. The
two groups reported very similar home program com-
pliance at the end of two weeks with the RTE group
reporting 91% compliance and the STE group reporting
87% compliance.

The Modified Oswestry resulted in seven participants
(23%) reaching the MCID of decreased 12/100 points
for the Oswestry LBP questionnaire. No MCID for cen-
tralization has been established; however, centralization
resulted in a median change of one in both RTE and
STE groups from before Session 1 to after Session 2.
The RTE group had five subjects and the STE group
had seven who had equal to or greater than a twopoint
change in their centralization score after two weeks. Fu-
ture research is needed to investigate the characteristics
of those patients that centralized the most with standing
extension, which could help guide patient care as pa-
tients with lumbar stenosis may not be able to tolerate
such standing extension postures.

Limitations of this study include some difference
in age and initial Modified Oswestry scores between

the groups, a relatively low initial current pain level
amongst participants, and no long term follow up. Fu-
ture studies with longer follow up and recordings of
medication usage duration prior to entry in the study are
warranted. Additionally, the groups were heterogenous
for symptoms’ chronicity, as there were three partic-
ipants in the RTE group with years of symptoms re-
ported as compared one participant reporting eight years
of symptoms in the STE group. The chronic nature of
symptoms for these participants may have influenced
the outcomes of the study as the RTE group did show
less pain reduction although similar improvements in
function as the STE group. Future studies including
subjects with greater initial LBP would be useful in
determining effectiveness in reducing pain.

5. Conclusion

People with LBP experienced greater spine growth
and improvements of pain that were clinically mean-
ingful during standing STE as compared to RTE. These
findings suggest that people with LBP could use such
postures and movements to alleviate their LBP and im-
prove spine height while in a weight bearing position.
Sustained trunk extension may prove more effective in
restoring spinal height loss as compared to the RTE in-
tervention and provides alternative ergonomic postural
option for people with LBP seeking to rehydrate their
lumbar I'VDs.
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