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Abstract 

Background: Spinal manipulation has been shown to affect muscle activity, posture, and pain. To date, no studies 
have examined the effect of manipulation on biomechanical factors during sitting. Therefore, the purpose of this 
study was to investigate the immediate effect of lumbar spinal manipulation on trunk muscle activation, spine pos-
ture and movements, and perceived ratings of transient pain in asymptomatic adults during prolonged office sitting.

Methods: Twenty healthy adults were recruited for a single laboratory session that included a standardized office 
sitting/data entry protocol (120 min total, 3 blocks of 40 min). Data were collected between July and August 2012. The 
first block (baseline) was immediately followed by two experimental blocks. Prior to the start of each experimental 
block, participants were transferred to a therapy plinth and placed side lying (right side down), and a random presen-
tation of either a control or high velocity low amplitude thrust directed at L4/L5 was delivered. Continuous meas-
ures of muscle activity, spine posture, and spine movements were recorded throughout the sitting trials. Perceived 
transient pain was measured by visual analogue scale at 10-min intervals (including immediately before and after the 
randomized maneuvers).

Results: There were no significant differences in spine or pelvic posture or perceived back pain following either the 
manipulation or control maneuvers. Significantly reduced muscle activity and increased shifts of the lumbar spine 
angle were identified in the block following manipulation compared to both baseline and post control blocks.

Conclusions: Spinal manipulation does not appear to have an immediate impact on spine or pelvic posture in 
healthy adults but does appear to reduce muscle activity and increase spine movement during sitting. Future work 
should replicate this study with a larger population in a field setting. It may be worthwhile to explore the implication 
of reduced muscle activation and increased spine movements during prolonged sitting for office workers that receive 
manipulations or mobilizations during their workday.
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Introduction
Moderate evidence supports manipulation of spinal facet 
joints for the treatment of acute and chronic low back 
pain [1–3]. Spinal manipulative therapy is also utilized by 
patients as maintenance care between symptomatic epi-
sodes [4] and occasionally by asymptomatic individuals 
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for wellness/preventative care [5]. The responses most 
connected to the therapeutic benefit of spinal manipu-
lation include reduced pain [6–12], increased range of 
motion [10, 13], altered muscle activation [9, 10, 14–20], 
increased postural awareness [21–26], and improved per-
formance of functional movements [13]. Despite these 
demonstrated treatment effects, the exact mechanisms 
behind them have remained hypothetical. Mechanisms 
thought to be involved include reflex pathways from 
muscle spindle, Golgi-tendon and mechanoreceptors in 
the facet joint capsules, ligaments, deep spine muscles 
and overlying skin of the back that are activated respec-
tively during the thrust phase of the manipulation proce-
dure [20, 27].

There are two key knowledge gaps pertaining to the 
effect of manipulation on muscle activity and lumbar 
spine posture; both of which are relevant to sitting. Con-
sidering the potential association to low back pain and 
the effect posture and muscle activity play during sitting, 
and given the not uncommon scenario of office workers 
being treated at some point during their workday (e.g., 
onsite clinics, appointments during lunch breaks etc.), it 
would be helpful to explore the potential effects of spinal 
manipulative therapy (SMT) on these parameters during 
sitting. Specifically, considering the evidence of reduced 
lumbar paraspinal muscle activity in forward trunk flex-
ion [14, 17] after manipulation and the hypothesized 
factor of sustained low-grade muscle activity in the gen-
eration of discomfort during sitting [28], perhaps this 
intervention has a role in improving the effects of seated 
exposures. Similarly, altered kinesthetic awareness has 
been shown to decrease in the lumbar spine in response 
to prolonged flexion [29]. Preliminary investigations of 
manipulation in chronic neck pain patients have found 
significant improvements in head repositioning ability 
[25], neck posture [23], and elbow-repositioning ability 
[21]. While there is evidence that lumbar repositioning 
is adversely affected in low back pain (LBP) patients [30], 
the effect of SMT on balance and postural awareness in 
this population has been variable [31, 32], and to date, no 
studies have examined the immediate effect of manipula-
tion on posture of the lumbar spine in sitting. However, 
if the response is similar to the cervical spine, perhaps 
manipulation could effect lumbar posture in sitting by 
creating more postural awareness. To limit the variability 
that likely results from the confounding effects of clinical 
presentation, answering this research question first with 
a healthy sample is warranted.

Purpose
The purpose of this study was to investigate the effect 
of a high velocity low amplitude (HVLA) lumbar spinal 
manipulation on trunk muscle activation, spine posture 

and movements during prolonged office sitting. A sec-
ondary outcome included perceived ratings of transient 
pain. It was hypothesized that manipulation would not 
lead to differences in spine posture, muscle activity or 
perceived transient pain during the sitting exposure, and 
that there would be no differences between males and 
females.

Methods
Study design
This is a cross-sectional laboratory-controlled study with 
a within-group design that was collected between July–
August 2012.

Participants
A convenience sample of participants willing to undergo 
instrumentation with indwelling electrodes, with no 
recent (6 month) history of acute low back pain, an epi-
sode severe enough to seek treatment or miss school/
work, were recruited from a university population. This 
population was chosen since they would be accustomed 
to sitting for extended periods of the day and should 
generally be free from degenerative changes of the spine 
commonly found in older individuals. We aimed to 
recruit as many participants as possible within a 3-month 
window. Informed written consent was completed prior 
to testing and the study received ethics approval from the 
Office of Research Ethics at our institution (ORE#17708).

Instrumentation
Muscle activity
Indwelling electromyographic (EMG) data were col-
lected from multifidus bilaterally at L4/L5. Bipolar 44 μm 
gauge, 10 cm long fine wire nickel alloy electrodes with 
2  mm exposed tips bent into hooks (VIASYS Health-
care, Excellence for Life Neurocare Group, Madison, 
WI, USA), were inserted into the deep multifidus mus-
cle with a 27-gauge hypodermic needle using real-time 
diagnostic ultrasound imaging for guidance (M-Turbo, 
Sonosite Inc., Bothell, WA, USA). Specifically, the nee-
dle was inserted 10  mm lateral to the midpoint of the 
spinous process of L4 in a slight craniomedial orienta-
tion to a depth approximately 5  mm less than the ver-
tebral lamina [33]. Before the needle was withdrawn, 
the real-time EMG signal was checked by having the 
participant raise their ipsilateral leg against mild resist-
ance applied by the researcher [34]. Before continuing, 
the participant was instructed to contract their muscles 
a few times while lying prone so any temporary muscle 
spasms (if present) could settle. Raw EMG signals were 
band pass filtered from 10 to 2000 Hz, amplified (AMT-8, 
Bortec, Calgary, Canada: CMRR = 115 db at 60  Hz and 
input impedance = 10 GΩ) and collected at a sampling 
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rate of 4096  Hz with a 16-bit A/D converter (± 2.5  V 
range). Maximum voluntary contraction trials were col-
lected with the participant extending against resistance 
with their torso suspended off the edge of an examination 
bench. A 5 s resting trial was taken with the participant 
lying prone. Removal of the electrodes at the end of col-
lection was done under ultrasound guidance to confirm 
that there was no displacement of the wires during the 
maneuvers [35].

Surface EMG was also collected. The skin at each elec-
trode site was first prepared by lightly shaving the area 
and wiping with 70% isopropyl alcohol. A ground elec-
trode was placed on the clavicle. Eight channels of sur-
face EMG were collected using two disposable electrodes 
(Ag–AgCl, Blue Sensor, Medicotest Inc., Ølstykke, Den-
mark) with a 2  cm inter-electrode distance and parallel 
to muscle fiber orientation bilaterally over the thoracic 
erector spinae (5 cm lateral to the spinous process of T9), 
lumbar erector spinae (5 cm lateral to spinous process of 
L1), lumbar multifidus (superiomedial angle, 1 cm lateral 
from the spinous process of L4 with the indwelling leads 
centred between the pair) and gluteus medius (2.5  cm 
distal to the midpoint of the iliac crest). Raw EMG sig-
nals were band pass filtered from 10 to 1000 Hz, ampli-
fied (AMT-8, Bortec, Calgary, Canada: CMRR = 115 db 
at 60  Hz and input impedance = 10 GΩ), and sampled 
at 4096 Hz with a 16-bit A/D converter (± 2.5 V range). 
Maximum isometric voluntary contraction (MVC) trials 
were collected for each muscle against resistance applied 
by a research assistant (3 trials, 10 s each). For the erec-
tor spinae this involved participants extending against 
resistance with their torso suspended off the end of an 
examination bench with their lower body fixed [36] and 
for gluteus medius this involved resisted hip abduction 
with the subject in the side lying position. A quiet trial 
was collected with the participant lying prone as a base-
line reference for EMG.

Spine and pelvic posture
Sagittal thoracic, lumbar, and pelvic angles were cal-
culated from time-varying accelerometer data. The 
accuracy and reliability of accelerometers to determine 
spinal angles in the context of sitting has been found to 
be excellent [37]. The root mean square error of the sen-
sors used in this study was 0.64°. Three tri-axial acceler-
ometers were affixed to the skin with double sided tape in 
the + y down and + z forward orientation over the follow-
ing anatomical landmarks: spinous processes of T1, L1 
and S1. Accelerometer data were collected continuously 
in 20-min blocks (2 per 40-min sitting block) and  A/D 
converted using a 16-bit board at a sampling frequency 
of 4096  Hz. Five normalization trials were collected as 
follows: quiet standing, full lumbar flexion standing, full 

lumbar extension standing, full lumbar flexion seated, 
and full thoracic spine flexion seated.

Perceived transient pain
Perceived ratings of transient pain were measured using 
a digital 100  mm visual analogue scale throughout the 
study at 10-min intervals. Subjects were asked to rate 
their pain for the right and left lower back by sliding a 
bar along a 100  mm continuous line with the following 
anchors: 0 = no pain whatsoever and 10 = worst pain 
imaginable using a custom program on their worksta-
tion computer (Matlab version R2012b, The MathWorks, 
Natick, MA, USA). Once ratings were entered the bar 
reset to zero so past ratings were not viewed again by the 
participant.

Data collection protocol
Figure 1 details the collection protocol and a summary of 
outcome measures.

Preparation
After completing the informed consent process, a brief 
history, baseline rating of pain, and physical examina-
tion of the spine and hips was completed by a licensed 
chiropractor (8  years of experience) to confirm partici-
pants were free of hip/spine pain and that there were no 
contraindications to SMT. Prior to EMG and accelerom-
eter instrumentation and normalization trials, partici-
pants were seated at a computer workstation consisting 
of height adjustable desk, desktop monitor, keyboard, 
mouse, and office chair seat pan (regular office chair with 
the backrest and arm rests removed). Monitor height, 
keyboard/mouse placement, table height and chair height 
were adjusted to the participant’s anthropometrics and 
personal preference with reference to ergonomic guide-
lines [38]. A footrest was used if required.

Experimental trial
The 2-h experiment trial involved the participants seated 
at a computer workstation completing a standardized 
typing task on the computer with continuous collection 
of synchronized EMG and accelerometer data. The trial 
was divided into three 40-min blocks. Perceived pain rat-
ings were taken at the start of each block (time 0) and at 
10-min intervals throughout the block. Between blocks 1 
and 2, and blocks 2 and 3, in a block randomized order 
of presentation, participants received either a (1) con-
trol maneuver: set up for as for SMT with skin slack ten-
sioned by flexing the top knee and rotating the upper 
body with a hook contact at the spinous process (prac-
titioner’s fingers contacting the downside/right side of 
the spinous process) or (2) a high velocity low amplitude 
(HVLA) SMT set up in the same manner as the control 
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maneuver immediately followed by a HVLA thrust, both 
centered at the L4/L5 spinous process. Participants were 
moved from the chair to lying on a portable chiroprac-
tic table. The table was placed immediately beside the 
chair such that participants could transfer by standing 
up, pivoting, sitting, then lying down on their right side. 
Participants were blinded to the maneuver order but the 
researcher delivering the maneuver was not.

Data reduction
Muscle activity
EMG data were processed using Matlab software. EMG 
signals underwent bias removal, band pass filtering 
between 30 and 500 Hz, notch filtering with cut-off fre-
quencies of 59–61 Hz, full wave rectification followed by 
low-pass filtering using a 2nd order Butterworth filter 
with an effective cut off frequency of 2.5  Hz [39]. Pro-
cessed signals were then normalized to a percentage of 
maximum voluntary contraction (% MVC) by subtracting 
resting EMG levels and dividing by the maximum vol-
untary contraction (taken as the maximum value of the 
three MVC trials) for each muscle respectively. Following 
processing, a gap analysis was conducted to determine 
the on/off characteristics of each muscle channel. For 
this, muscle activity at or less than 0.5% MVC for longer 
than 0.2 s was considered inactive [40, 41]. To assess the 
degree to which muscle groups were similarly activated 

cross-correlations of all combinations of muscle pairs 
were calculated according to the method described by 
Nelson-Wong et al. [42] using Eq. 1.

Equation  1 Normalized cross-correlation coefficient 
Rxy(τ) where x(t) and y(t) are two signals, τ is the phase 
shift (range ± 1) and T is the length of the recording 
assessed.

Cross-correlations within a window of 500  ms were 
calculated for each minute of the sitting blocks through-
out the study and the absolute maximum Rxy value was 
recorded. After confirming no difference between these 
intervals, the average cross-correlation co-efficient was 
taken to compare between blocks. Average Normalized 
EMG and average gap numbers were calculated for each 
muscle group per block of sitting data.

Spine and pelvic kinematics
Custom software (Matlab2012, The Mathworks Inc., 
Natick, Massachusetts, USA) was used to process the 
accelerometer data by calibrating to gravity, calculating 
sensor inclination with the arc tan function and then rel-
ative angles between the sensors (T1-L1 for the thoracic 
angle, L1-S2 for the lumbar angle). The pelvic angle was 

(1)Rxy(τ ) =

1
T

T
0 x(t)y(t + τ )dt

Rxx(0)Ryy(0)

Fig. 1 Schematic of the data collection protocol and outcome measures
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calculated as the inclination of the S2 sensor relative to 
the vertical. The calibration trials were used to normalize 
spine angles to the functional range of motion: presenting 
spine angles as a percentage of maximum flexion range of 
motion (% ROM) and the pelvic angle relative to upright 
standing. Movement profiles of the normalized lumbar 
spine angle was calculated as the frequency and mag-
nitude of fidgets and shifts [42]. Fidgets are classified as 
small movements of the lumbar angle that quickly move 
away and back again within a short period of time (sec-
onds). Shifts are longer changes in spine angle that move 
away from the average baseline and do not return within 
a short period of time. Outcome measures included aver-
age values over the sitting trial. To provide a better idea 
of the posture distribution found over the entire trial an 
amplitude probability distribution function (APDF)  was 
calculated for the 10%, 50%, 90% percentiles and range of 
spine and pelvic angles.

Perceived transient pain
Custom software was used to record and measure per-
ceived pain throughout the study (Matlab2012, The 
Mathworks Inc., Natick, Massachusetts, USA). Data was 
extracted to the nearest mm and the baseline score was 
subtracted. Since pain and discomfort ratings have been 
shown to consistently rise throughout prolonged sitting 
trials for most participants, the last pain score of each 
block was used for comparison. To assess the immedi-
ate impact of the control and manipulation maneuvers 
the differential between the pain score taken immediately 
after each maneuver was compared to the last pain score 
of the preceding sitting block.

Statistics
The outcome measures included the following fac-
tors: normalized spine (thoracic and lumbar) and pelvic 
angles, spine movement (fidgets, shifts), muscle activity 
variables (average EMG, gap numbers, and cross-corre-
lation co-efficient per condition) and the last perceived 
pain score for each condition block. The above variables 
were compared in a two-way mixed general linear model 
with sex as a between factor and maneuver type (control 
and HVLA) as within factors. To compare surface and 
indwelling lumbar multifidus EMG signals, a two-tailed 
paired student’s T test was conducted for the right and 
left pairs of measures from the pre-intervention block 
only. Statistical significance was accepted at the p = 0.05 
level and Tukey post hoc testing were completed as 
required (SAS Statistical Software, version 9.4, SAS Insti-
tute Inc, Cary, NC, USA). Effect sizes, calculated as par-
tial eta squared, were interpreted as η2 = 0.01 small, 0.06 
medium, and 0.14 large.

Results
Participants
20 participants (10  M/10F) participated in the study. 
Participant characteristics were as follows: males (aver-
age age 24.50  years (SD 6.20), height 1.80  m (SD 0.08) 
and mass 84.10  kg (SD 20.49) and females (average age 
22.00 years (SD 2.71), height 1.65 m (SD 0.06) and mass 
63.00 kg (SD 10.79).

Spine and pelvic posture
Participant’s spine (average normalized thoracic and 
lumbar) and pelvic posture throughout the prolonged 
sitting blocks were not significantly different in the 
block proceeding either the control (thoracic 57% ROM 
SD 17, lumbar 81% ROM SD 23 and pelvic 19° SD 9) or 
HVLA maneuver (thoracic 59%  ROM SD 19, lumbar 
84% ROM SD 27 and pelvic 21° SD 8) compared to the 
baseline sitting block (thoracic 56% ROM SD 19, lumbar 
77% ROM SD 18 and pelvic 18° SD 7). There were no sig-
nificant main effects found for sex or maneuver type for 
any of these angles and the effect sizes to detect differ-
ences between maneuvers was medium for the thoracic 
angle (η2 = 0.060) and large for lumbar (η2 = 0.502) and 
pelvic (η2 = 0.631) (Fig.  2). The APDF for these angles 
throughout each sitting block support the conclusion 
that subjects sat with these average postures for the 
majority (90th percentile of probability) of each sitting 
block (Fig.  3) with a very small range of postures span-
ning the 10–90th percentiles. From the APDF analysis 
it was found that the range of postures subjects adopted 
throughout each block remained small for all angles 
(thoracic 9–11% ROM, lumbar 13–19% ROM and pelvic 
6°–10°, Fig. 3).

Lumbar angle movements: fidgets and shifts
Within the narrow ranges of spine posture, there were 
significant differences in the types of movements that 
were occurring in the lumbar spine. Male subjects moved 
their lumbar spine more than females. This was reflected 
in the movement variables. Fidgets, quick movements 
that return to the original posture, were the dominant 
type of movement male participants were displayed 
(significant main effect of sex, p = 0.0173). The differ-
ent types of maneuvers also appeared to influence spine 
movement. There were significantly greater number of 
shifts in the post-HVLA sitting block (9 per block SD 
0.6) compared to the post-control maneuver block (7 
per block SD 1) and baseline block (7 per block SD 2) 
(p = 0.0352, η2 = 0.851) (Fig. 4). The effect size for detect-
ing differences between conditions was medium for fidg-
ets (η2 = 0.099) and large for shifts (η2 = 0.851).
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Fig. 2 Average normalized thoracic, lumbar, and pelvic flexion angles prior to intervention breaks (block 1) and the sitting blocks following the 
control (post-C) and HVLA maneuvers (post-M)

Fig. 3 Amplitude Probability Distribution Function (APDF) results for the spine and pelvic angles throughout each sitting block

Fig. 4 Lumbar spine movement variables: Fidgets (FID) and Shifts averaged over the first block of sitting (baseline) and the sitting blocks following 
the control (post C) and HVLA (post M) maneuvers for male (black) and female (grey) participants
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Muscle Activity
Back muscle activity was very low throughout the entire 
experiment. Average normalized EMG for all muscles 
did not exceed 4.6%MVC and the range incorporating 
one standard deviation was maintained under 8%MVC. 
Effect sizes for detecting differences for the main effects 
of sex were medium-large for all muscles except for 
LLS (small: (η2 = 0.051). Effect sizes for detecting differ-
ences for the main effects of condition were large for all 
muscles except for RTS (small: (η2 = 0.0425). Generally, 
higher amounts of activity were found for the thoracic 
erector spinae, followed by the lumbar erectors, and lum-
bar multifidii. The average muscle activity of the left tho-
racic and lumbar erector spinae was significantly lower 
in the sitting block following the manipulation interven-
tion compared to block 1 and the sitting block following 
the control maneuver (Fig. 5). There were no significant 

differences between muscle activity magnitudes between 
male and females.

Back muscles were not constantly activated throughout 
each prolonged sitting block. Gaps in activity were docu-
mented in all channels throughout the entire collection 
in both males and female subjects (Fig. 6). A significant 
2-way interaction between sex and condition was found 
for the left lumbar multifidus (LMi) muscle measured 
with indwelling electrodes (p = 0.0416). Gap numbers 
in male participants dropped from 22 SD 35 in block 1 
to 15 SD 28 and 14 SD 26 in the post-C and post-M sit-
ting blocks respectively. Conversely, LMi gap numbers 
in females dropped from 22 SD 28 in block 1 to 10 SD 
18 in the post-C block but increased to 23 SD 49 in the 
post-M block. A significant main effect of sex was found 
for the number of gaps occurring in the left lumbar mul-
tifidus muscle (surface electrodes). Males displayed a 

Fig. 5 Average EMG (%MVC) for each muscle group in the pre-intervention sitting block (black) and the sitting blocks following the control (light 
grey) and HVLA (dark grey) maneuvers

Fig. 6 Number of gaps in muscle activity for male and females throughout each prolonged sitting block
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significantly higher number of gaps (65 SD 7) in this mus-
cle throughout all sitting blocks compared to females (17 
SD 2, p = 0.0078). There were no differences in muscle 
activity gap numbers between any of the sitting blocks 
(Fig.  6). The effect sizes for detecting differences in gap 
numbers between sex and condition were medium-large 
for all muscles except for LLS (small η2 = 0.050 for condi-
tion), LMs (small η2 = 0.008 for condition).

The cross-correlation of EMG signals for pairs of 
muscles provides an assessment of the degree of co-
contraction. Peak cross-correlation coefficients (Rxy) for 
each muscle combination were compared between sex 
and sitting blocks. Of the erector spinae and multifidus 
combinations, significant two-way interactions between 
sex and sitting block condition were found for the right 
and left thoracic erector spinae (p = 0.0454), right sided 
thoracic and lumbar erector spinae (p = 0.0454) and 
right thoracic and left lumbar erector spinae (p = 0.0400) 
(Fig.  7). Specifically, for each of these muscle combina-
tions, the degree of correlation stayed relatively the same 
throughout each block for female subjects but increased 
between block 1 and the post-C and M blocks for male 
participants. Generally, the erector spinae and multifidus 
muscles demonstrate a higher degree of co-contraction 
than the superficial and deep recordings of multifidus 
(all combinations having peak Rxy of less than 0.40 SD 
0.25). There were no significant effects of sex or sitting 
block condition on these 6 combinations of surface and 
indwelling muscle channels. The effect sizes to detect dif-
ferences between sex and condition for the cross-corre-
lation variables were medium-large for all combinations 
except for RTS/LLS (η2 = 0.045 for condition), LTS/LLS 
(η2 = 0.014 for condition), LTS/RLS (η2 = 0.008 for con-
dition), RLS/RMi (η2 = 0.048 for condition), LMs/RMs 

(η2 = 0.054 for sex), LLS/LMs (η2 = 0.011 for sex), and 
LMs/LMi (η2 = 0.025 for sex).

A comparison of the activity of the superficial and 
deep portions of the lumbar multifidus (recorded by 
surface and indwelling electrodes respectively) found a 
significant difference between the surface and indwell-
ing activity for the left side (surface 2.6% MVC SD 3.7, 
indwelling 0.4% MVC SD 0.84, p = 0.0221). There was no 
difference between measures taken for the right surface 
(0.1% MVC SD 0.11) or indwelling signals (0.3% MVC SD 
0.45, p = 0.1102). The effect size to detect the difference 
between indwelling and surface channels was large for 
both the right (η2 = 0.551) and left (η2 = 0.955) multifidus 
muscles.

Perceived transient back pain
The average baseline pain ratings for the right and left 
low back were 3 mm ± 8 and 4 mm ± 9 respectively. Thir-
teen of the twenty participants experienced clinically sig-
nificant increases in pain from baseline (> 10 mm change 
on a 100  mm scale [43]) throughout the experiment. 
There were no significant interactions or main effects 
for the ultimate transient pain rating (last pain rating of 
the 40-min sitting block) between sex or maneuver type 
(control or HVLA) (Fig.  8). Immediate pain reductions 
following the maneuvers (differential between immedi-
ate post-last rating pre) were modest (average improve-
ment of 2.58 ± 8.93 mm and 1.67 ± 7.04 mm for the left 
and right low back following the control maneuver, and 
5.96 ± 10.31  mm and 6.90 ± 11.45  mm for the left and 
right low back following the manipulation). There were 
no significant interactions or main effects for sex or 
maneuver type (control or HVLA) for the differential 
pain scores for the right or left low back. The effect size 

Fig. 7 Peak Cross-Correlation co-efficient for muscle combinations throughout each prolonged sitting block for males (right) and females (left). A 
significant 2-way interaction was found for these pairings
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for detecting differences for the main effect of sex was 
large for both the right (η2 = 0.945) and left (η2 = 0.770) 
low back, but small for condition (right (η2 = 0.034) and 
left (η2 = 0.000) low back.

Discussion
The results of this cross-sectional study suggest that lum-
bar spinal manipulation does not result in acute changes 
to spine or pelvic postures adopted during prolonged 
seated computer work; however, it may influence spine 
movement parameters and lower muscle activity in a 
young, healthy population. There were no significant dif-
ferences in perceived pain immediately following either 
maneuver or by the end of each 40-min sitting block; 
however, our observed statistical power to test this differ-
ence was low.

Spine posture and movement
Average thoracic, lumbar, and pelvic angles were not dif-
ferent in any of the three sitting blocks: baseline, post-c 
(following the control maneuver) or post-m (following 
HVLA thrust). The magnitude of angles found in this 
study are within the range found in studies of a similar 
sitting exposures [44–47], however, it should be noted 
that with an average lumbar flexion angle of 81% ROM 
SD 19 and pelvic angle of 19° SD 9 participants did sit 
at the high range of lumbar flexion (30–80% ROM in 
unsupported sitting) previously documented [48]. Spine 
and pelvic postures were no different in the post-c or 
post-m compared to the baseline sitting block, therefore, 
the hypothesis that there would be no change in seated 
spine posture in response to HVLA can be accepted.

Analysis of the time varying signals of low back posture 
during the prolonged sitting blocks has confirmed that 
male subjects moved significantly more than females as 

indicated by the higher fidget frequency, leading to the 
rejection of the hypothesis that there would be no differ-
ences in spine movement between males and females.

From the APDF, lumbar flexion angle ranged between 
13 and 19%ROM across all sitting blocks examined in 
this study indicating that participants adopted a fairly 
constant posture. Micro movements within this narrow 
range, however, were identified. Significant differences 
in shifts were found in the sitting block following the 
manipulation. Shifts have been associated with increased 
discomfort in the literature [49]. However, given the 
small difference between shifts in each of the 3 sitting 
blocks (between 7 and 9) the likelihood that this differ-
ence has practical significance is low. This conclusion is 
supported by the lack of significant differences found for 
perceived pain between each of the sitting blocks.

Muscle activity
Contrary to our hypothesis that no differences in mus-
cle activation levels would be found between conditions, 
significantly lower levels in low back muscle activity for 
the left thoracic and lumbar erector spinae muscles were 
seen in the sitting block following the HVLA maneuver. 
This unilateral response corresponds to the side of the 
low back that would be stretched during the procedure 
(participants were lying down on their right side). While 
most studies have identified a change in muscle activity 
following a high-velocity, low-amplitude manipulation, 
both increases and decreases have been cited [10]. The 
decreased levels of activation in muscle activity in this 
study agrees with the findings of previous work [14, 50, 
51] but conflicts with the results of some studies using 
healthy volunteers [17, 52, 53]. Dishman and colleagues 
have discussed the potential for spinal manipulation to 
regulate the activation levels of the motoneuronal pool, 

Fig. 8 Average perceived low back pain (baseline removed) at 10-min intervals (A-D) throughout each sitting block (1–3). M1 and M2 were the 
maneuvers delivered in a block randomized order (control = set up for HVLA with pre-load but no thrust, manipulation = setup for HVLA, pre-load, 
and thrust)
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either increasing or decreasing excitability, which may 
explain these different effects [54]. Further, passive mus-
cle stretching has been shown to decrease EMG levels in 
the plantarflexor muscle group [55]. However, methodo-
logical factors such as variation in EMG protocol, rate of 
the manipulation preload, and thrust as well as underly-
ing heterogeneity of the test population could also be fac-
tors contributing to the differences found.

Effects of the HVLA maneuver on muscle activity were 
also evident in muscle activity gap numbers. A differen-
tial response was found for the gaps in lumbar multifi-
dus as measured by indwelling electrodes in males and 
females: activity in this muscle became more constant 
(fewer number of gaps) in both the post-c and post-m 
sitting blocks for males but dropped in the post-c block 
and increased in the post-m block for females. In the 
surface recording of the left multifidus, male subjects 
demonstrated a significantly greater number of gaps in 
activity than females. These results allow the rejection 
of our hypothesis that there will be no difference in gap 
numbers between conditions and/or sex. Sex differences 
in gap number have not been reported previously in 
published work on sitting [46]. Morl and Bradl [56] have 
noted that increased lumbar flexion in sitting results in 
increased gaps in multifidus surface recordings, how-
ever, no main effects of sex or condition were found for 
spine posture in this study. In a recent review of litera-
ture, Lehman [10] does conclude that short-term changes 
in EMG amplitude are associated with spinal manipula-
tion [10]. These differences can most likely be attributed 
to differences in the maneuver delivery in some way. 
Theoretically, there should not be any physiological dif-
ferences between males and females in the response to 
spinal manipulation. However, given that this is the first 
study that has examined these EMG parameters in pro-
longed sitting following manipulation there is no way of 
assessing the consistency of these results. Future studies 
may consider investigating these effects with a parallel 
arm randomized design or a protocol that incorporates a 
second baseline block.

Both the control maneuver (manipulation set up with 
pre-load but no thrust) and HVLA (control maneuver 
plus thrust) appeared to influence the co-contraction of 
thoracic and lumbar erector spinae muscles in males. 
Specifically, bilateral thoracic erector spinae, right sided 
thoracic and lumbar erector spinae and right thoracic 
and left lumbar erector spinae groups increased the 
degree of co-contraction in both the post-c and post-m 
sitting blocks compared to the baseline block. Since the 
response was similar between the two maneuvers, we 
must accept our hypothesis, that manipulation would 
not lead to differences in muscle co-contraction dur-
ing the sitting exposure. We are also mindful of the low 

statistical power to detect differences for several of the 
muscle combinations tested. Studies have shown that 
the magnitude of preload forces affect the discharge of 
paraspinal muscle spindles and that increased dura-
tion of preload application amplifies this response [57, 
58]. Nougarou et al. [53] confirmed the effect of preload 
parameters on thoracic spine muscles in a population of 
healthy male and female volunteers aged 20–38. While 
differences in average EMG activity were only found in 
response to the manipulation and not the control maneu-
ver in this study, it is possible that the sustained preload 
alone might have been enough to elicit alterations in 
relative activation between these muscle groups. Consid-
ering that the preload duration was kept the same (5  s) 
between both the control and manipulation maneuvers, 
perhaps it is the effect of the preload or induced muscle 
and joint stretch, and not necessarily the thrust phase, 
that resulted in the higher co-contraction levels in both 
the post-c and post-m blocks for male subjects.

Perceived transient pain
No differences between sex or maneuver type were found 
between the last pain score of each sitting block (post-m 
or post-c); however, our observed statistical power to test 
these differences was low. While the control and HVLA 
maneuver did result in small immediate decreases in per-
ceived back pain; these were not statistically significant, 
nor would they be considered clinically significant. Con-
sidering all participants received either a preload (control 
maneuver) or preload plus HVLA thrust to the left side of 
their low back, the similarity in differential response (and 
the direction towards improvement) between the right 
and left sides make sense. There is ample support in the 
literature for the analgesic effect of spinal manipulation 
[14, 22, 31, 58–60]. There is also evidence to support that 
pain inhibition can occur at both the peripheral and cen-
tral levels of the nervous system, depending on the mag-
nitude and rate of the applied manipulative thrust [22, 
58, 61]. Preload parameters have been shown to affect 
neural responses without a thrust, which may explain the 
similar result of both the control and manipulation inter-
vention used in this study [58]. A number of groups have 
documented an analgesic effect from joint mobilizations, 
where no thrust is present [62–64], and stretching of the 
low back [65]. The smaller magnitudes of pain reported 
in this study suggests our data could be limited by a “floor 
effect”, especially in those individuals that did not develop 
transient pain during sitting, where there would be no 
room for further reductions in pain by the maneuvers. 
Further, lack of significant differences could also be due 
to the small statistical power and sample size, particu-
larly in that only 13 of the 20 participants experienced 
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clinically relevant changes in pain and might be expected 
to demonstrate a change.

Comparison of indwelling and surface recordings 
of the lumbar multifidus
In this study, significant differences were found between 
the average surface and indwelling recordings of the lum-
bar multifidus on the left side, but not the right side of 
the low back. Levels of activity for all recordings were 
extremely low, well below 3% MVC even for the rela-
tively “high” left surface channel. Given the high poten-
tial for cross talk in surface recordings over the lumbar 
multifidus [33], a direct comparison of average EMG 
levels might be misleading. Therefore, to provide a more 
functional comparison of these signals the peak cross-
correlation coefficient (Rxy) for the surface and indwell-
ing signals in block 1 (baseline) was compared for each 
side. The left surface/indwelling combination had a peak 
Rxy of 0.39 SD 0.04 and the right combination had a peak 
Rxy of 0.23 SD 0.04. Both coefficients are low enough to 
conclude that these muscle portions are functionally dif-
ferent, despite the lack of significant difference in average 
activity between the surface and indwelling recordings 
on the left side. This conclusion agrees with the work 
of Stokes and colleagues [33], who also found low cor-
relation between superficial and indwelling multifidus 
recordings that supports the conclusion of differential 
function between the superficial and deep portions of the 
muscle proposed by Moseley et al. [66].

Limitations
This study represents the first investigation on the effect 
of spinal manipulation on biomechanical factors and per-
ceived pain in prolonged office sitting. The results of this 
work suggest that spinal manipulation influences mus-
cle activity and spine movement during prolonged sit-
ting, however, there are several limitations that must be 
considered. Although most research in the area of spinal 
manipulation confirms the extremely short-lived effects 
[9, 27, 50, 52, 61], the design of this study did not provide 
a washout period for potential carry-over effects between 
the control or manipulation maneuvers.

Subjects were not blinded to either the control or 
manipulation maneuvers; however, they were not told 
which order the interventions would be presented. For 
the participants that have received a spinal manipulation 
in the past, they would be able to tell when a manipula-
tion versus control maneuver was delivered. However, 
the primary purpose of this study was the effect on bio-
mechanical parameters of posture and muscle activity, 
variables that are less likely to be influenced by placebo. 
Order was not originally tested in this analysis as it was 
assumed that block randomization would successfully 

avert this effect. Post hoc order testing could not be com-
pleted since order was not linked to subject numbers in 
our database. Knowledge of maneuver type might have 
been expected, however, to affect the perceived pain rat-
ings immediately after the interventions were performed, 
which were not different in this case. Therefore, we are 
confident that the lack of blinding had minimal impact 
on our results.

The participants involved in this study were young and 
healthy, the study population was small, and the propor-
tion of participants that developed clinically relevant 
increases in perceived pain was smaller (13/20). Spinal 
manipulation is a therapy that is used to treat biome-
chanical lesions such as motion segment hypomobility, 
pain and muscle spasm [67]. Investigating the effect of 
this intervention in an asymptomatic population has 
been raised as a potential limitation, perhaps minimizing 
effects that would be seen otherwise in a clinical popu-
lation [68]. However, there have been studies that have 
found physiological effects of manipulation in healthy 
populations and animal models without the presence of 
these lesions, which does lend support for the use of this 
population as a starting point before moving to clinical 
groups [9, 50, 52, 58, 61, 68]. The intensive instrumenta-
tion and data processing involved in this study limited 
the sample size due to resources. While sufficient effect 
sizes were obtained for most primary biomechanical out-
come measures in this study, the ability to detect differ-
ences between conditions for perceived pain was poor; 
therefore, conclusions related to pain in this study should 
be interpreted cautiously. The results of this study should 
be replicated with a larger sample, ideally in a field set-
ting, with a more generalizable population.

Conclusion
The results of this study suggest that spinal manipula-
tion may play a role in increasing low back movement 
parameters and lowering muscle activity during sitting in 
a young, healthy population. Since there were no differ-
ences in the spine or pelvic postures adopted throughout 
this study, it can be concluded that spinal manipulation 
does not appear to have an immediate impact on spine 
posture in sitting in young, asymptomatic individuals. 
Future work should replicate these results with a larger, 
more generalized sample in a field setting. It may be 
worthwhile to explore the implication of reduced muscle 
activation and increased spine movements during pro-
longed sitting to for office workers that receive manipula-
tions or mobilizations during their workday.
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