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Abstract 
 
Objective: Determine if spinal manipulation positively impacted standing center of pressure of 
college students with combined neck and low back pain.  
 
Methods: At baseline 97 participants with combined neck (2.8 + 1.3 Numeric Rating Scale/NRS, 
mean + SD) and low back (3.1 + 1.5 NRS) pain had their standing eyes-closed balance assessed 
for 30 seconds on a force plate. Participants then stepped off the force plate and received spinal 
manipulation to their cervical and lumbar spine areas of greatest pain. Afterwards, participants 
had their balance reassessed for 30 seconds. Anterior-to-posterior and medial-to-lateral center 
of pressure (COP) mean amplitude and range were the dependent variables compared pre to 
post utilizing a paired samples t-test. 
 
Results: There was no statistically significant immediate change in center of pressure 
parameters assessed in response to spinal manipulation for individuals with combined neck (2.8 
+ 1.3 NRS, 15.3 + 4.9 months) and low back (3.1 + 1.5 NRS, 20.4 + 8.8 months) pain. However, 
sub-analysis of 32 individuals with moderate combined neck (4.1 + 1.2 NRS, 32.1 + 6.6 months) 
and low back (4.6 + 1.3 NRS, 31.8 + 12.5 months) pain demonstrated small positive 
improvements in medial-to-lateral COP mean amplitude and range. 
 
Conclusion: Spinal manipulation did not impact immediate COP amplitude or range of 
chiropractic college students with low levels of combined neck and low back pain.  
 
Key MeSH Indexing Terms: Spinal manipulation; neck pain; low back pain; kinesthesis; core 
stability; proprioception 
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INTRODUCTION 
 
Balance is a fundamental attribute necessary to engage in activities of daily living. It involves the 
appropriate integration of vestibular, visual, and somatosensory proprioceptive information.1 
Balance is negatively affected by neck and low back pain,2-5 in addition to other deleterious 
effects seen with spine pain on quality of life, work productivity, and increased medical 
expenditures.6-8 When balance is impaired a person will be unable to maintain their body 
orientation in space9 and this could lead to possible falls and greater risk of injury.10-13 
Neck pain affects 22-70% of the population14-15 and causes balance impairments. It is unclear if 
these impairments are due to abnormal cervical afferent proprioceptive input,16-17 direct 
nociceptive input triggering guarding actions upon motion,16-17 kinesiophobia,18-19 poor postural 
control,20-22 or reduced cervical range of motion.23-24 Impaired cervical afferent input is believed 
to result in imprecise estimation of body position in space, leading to increased center of 
pressure shifts to maintain stability.25-28 In particular, the upper cervical region muscles have 
been found to have a greater density of muscle spindles than the lower cervical spine associated 
musculature.29-30 Nociceptive input to cervical facet joints and regional muscles, is believed to 
alter sensitivity of muscle spindles due to pain inducing protective localized muscle guarding 
which impairs correct body positioning in space.31-32 This type of altered input can be caused by 
direct trauma, osteoarthritis, poor posture, joint strain, ligamentous sprain, and other associated 
conditions leading to the subsequent release of inflammatory mediators.33   
Patients with low back pain have impaired motor control and that has been shown to negatively 
affect their balance.3-5,34-35 When individuals suffer from low back pain, similar to neck pain, it 
can result in altered muscle activation patterns to avoid or prevent further localized pain.36-37 Low 
back pain has additionally been seen to be associated with compromised sensory and motor 
factors affecting the neuromuscular junction which can make maintaining balance difficult.38-39  

Spinal manipulation can decrease some forms of spine pain40 and is recommended as a first-
line treatment for many causes of neck and low back pain.41-44 The impact of lowering spine pain 
on balance parameters should be studied further because there is a paucity of research on the 
immediate and multi-week relationship between spinal manipulation for spine pain and 
balance.45-49 A recent pilot study involving 19 individuals with neck pain (2.4 + 1.3 NRS) 
demonstrated that cervical spine manipulation improved lower limb relative reach distance in the 
short-term by 3.21% during a standing Y-balance test,50 but it is unclear if that change was 
clinically relevant. Furthermore, Vining et al found small improvements (p = 0.01) in the number 
of seconds 53 low back pain patients could maintain single-leg balance with their eyes-closed in 
response to lumbar spine manipulation and additional forms of chiropractic care (education, self-
management advice, and extremity adjustments when warranted).51 Likewise, Goertz et al found 
small improvements in balance parameters in response to spinal manipulation involving 72 
patients with low back pain.52 However, not all studies have shown that spinal manipulation 
improves balance as was seen in the article by Smith et al on spinal stenosis low back pain 
patients53 or the paper by Hawk et al on older adults.54  One issue with  
these findings is that both of the aforementioned studies were underpowered with 12 and 14 

participants, respectively. They also examined different patient populations, thus drawing 
conclusions should be done with this in mind. This is an ongoing issue on research on this topic,  
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both for and against an association between spinal manipulation and balance. The reasons for 
the differing findings in these studies needs to be elucidated through further research with larger  
sample sizes to come to a conclusive consensus on if spinal manipulation for spine pain could 
positively impact.  
 
balance attributes of patients. Additionally, an effort needs to be made to determine which region 
of the spine, cervical, lumbar, or both would be most impacted in terms of balance parameters 
by spinal manipulation.  Further, the interrelationship between regional proprioception and the 
visual system on balance needs to be elucidated further to determine if a positive change in one 
system causes compensatory changes in the other. 
Research suggests individuals with combined neck and low back pain may be more likely to 
have impairments in balance than having either condition in isolation alone.55 Jorgensen et al 
found that individuals with both neck and low back pain demonstrated the greatest impairments 
in balance compared to individuals with just neck or low back pain alone.55 Having both neck 
and low back pain at the same time is not uncommon. Sinnott et al, described how, “at any given 
time, 15% to 20% of adults will report having back pain and 10-20% will report neck pain 
symptoms”.56-58  Thus, the intent of this exploratory study was to engage in cervical and lumbar 
spinal manipulation for individuals with neck and low back pain in both regions to determine if it 
may offer a positive impact on short-term balance parameters. Determining this impact could aid 
in the development of clinical prediction rules to identify optimal characteristics of patients that 
would benefit from spinal manipulation.59-60 

The study objective was: Determine if spinal manipulation to the cervical and lumbar spine of 
individuals with neck and low back pain improved their static standing balance. The hypothesis 
was: H1: Spinal manipulation to the cervical and lumbar spine of individuals with neck and low 
back pain would lower their pain level slightly and/or positively improve proprioception or 
supraspinal influences resulting in a positive small impact on short-term balance attributes. 
 
METHODS 
This within-subjects design was reviewed and approved by the Texas Chiropractic College’s 
Institutional Review Board for human subjects in accordance with the Declaration of Helsinki 
(project#2023_06_29_V1). Chiropractic college students read and signed the informed consent 
and were then screened for study inclusion and exclusion criteria as shown in the study flow 
diagram (figure 1). Study inclusion criteria were: be a chiropractic college student with both neck 
and low back pain of at least 1 on a numeric rating scale (NRS) at each regional location. Study 
exclusion criteria were: pregnant, spine or lower limb surgery, sprained ankle, Meniere’s 
disease, vestibular pathologies, any condition that would make standing still excessively difficult, 
fractures, dislocations, bone cancer, spinal cord tumor, joint infection, stroke, osteoporosis, 
ligamentous rupture, ankylosing spondylitis, rheumatoid arthritis, spine surgery, anticoagulant 
therapy, or any known contraindication to spinal manipulation. Next participants had their 
gender, height, weight, age, neck pain NRS, neck pain duration, low back pain NRS, and low 
back pain duration recorded (table 1). Following this, participants were instructed to remove their 
shoes and stand on a force plate with their feet shoulder-width apart eyes-closed as shown in 
figure 2 for their 30-second balance assessment. Then for the intervention phase of the study 
participants received both cervical and lumbar spine manipulation (figure 3) to the area of  
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greatest pain in each of those 2 localized regions. After the intervention, participants performed 
a 30-second balance post-test identical to their baseline test. This study took place from May  
 
2023 to May 2024 between 7-8 AM in a quiet biomechanics research lab room with the ambient 
room temperature set at 76°F. Data collection took approximately 20 minutes per participant and 
occurred during one session per participant. This study utilized a convenience sample and did 
not follow an a priori power analysis. 
 
Figure 1. Study flow diagram. SMT= spinal manipulative therapy. 
 

 
 
 
Table 1. Properties of the study participants.  Based on BMI scales the average participant 
would be classified as being overweight. Moderate neck and low back pain was defined as 
having combined neck and low back pain between 8-14 on the NRS (e.g., neck pain 3 and low 
back pain 6, neck pain 5 and low back pain 3, etc.).  The moderate neck and low back pain 
subgroup was a sub-analysis from the overall spine pain group of participants that fit the criteria 
of moderate combined neck and low back pain. Data listed as mean + SD aside from sex and 
age range. NRS = numeric rating scale, n/a = not applicable. 
  

General neck and low 
back pain group 

Moderate neck and low back  
pain subgroup 

Sex (m/f) 43/54 10/22 
Age (y) 27.5 + 5.1 26.6 + 2.8 
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Mass (kg) 81.6 + 18.8 81.5 + 20.7 
Height (m) 1.71 + 0.09 1.69 + 0.08 
Body Mass Index 
(kg/m2) 27.8 + 5.1 28.3 + 6.1 

Neck pain NRS 2.8 + 1.3 4.1 + 1.2 
Months of neck pain 15.3 + 4.9 32.1 + 6.6 
Low back pain NRS 3.1 + 1.5 4.6 + 1.3 
Months of low back 
pain 20.4 + 8.8 31.8 + 12.5 

Age range (yrs) 20-41 21-33 
 
Figure 2. Image of a participant having their balance analyzed for 30 seconds eyes-closed 
on a force plate. Participants removed their shoes and stood with their feet shoulder-width apart 
and their arms at their side as still as possible. 
 

 
 
Balance assessment 
A 40 cm x 60 cm stable Bertec 4060-NC force plate (Bertec Corporation, Columbus, Ohio, USA) 
was used to measure balance parameters during the standing balance test. The gain was set to 
1 and a data sampling rate at 100 Hz. Participant balance was measured approximately 1-minute 
post spinal manipulation. Participant data was recorded for 30-seconds with their eyes-closed. 
Having participants close their eyes in balance studies has been seen to help reduce 
compensatory ocular-based balance adaptations and stress the vestibular and proprioceptive 
systems more.61 Participants were instructed to stand on the center of the force plate as still as 
possible until told to stop. To stress their cognitive balance systems further, as has been done 
in previous balance studies,51 participants were asked to engage in a “dual-tasking” activity. This 
was performed by having participants count aloud backwards by 7s from 500 (e.g., 500, 493, 
486, 479…).  Displacement of center of pressure in the medial-to-lateral and anterior-to-posterior  
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directions were recorded. Raw force plate data were recorded through the Vicon Nexus software 
system (Vicon, Yarnton, Oxford, UK) on a lab computer. The data was analyzed 10 seconds  
 
after the start of signal acquisition, to account for any initial participant center of pressure 
stabilization as performed in other balance assessment studies.35 The balance-related variables  
 
measured in this study were center of pressure range and mean center of pressure amplitude 

as described in table 2.62 A spotter was near participants during their balance test for safety 
reasons in case they were to fall. 
 
Table 2. Force plate balance properties analyzed.   
Property  Description 
Mean AP COP 
amplitude 

Mean anterior-to-posterior center of pressure amplitude. 

Mean ML COP 
amplitude 

Mean medial-to-lateral center of pressure amplitude. 

AP COP range Anterior-to-posterior center of pressure maximal range. 
ML COP range Medial-to-lateral center of pressure maximal range. 

 
Spinal manipulative therapy  
Spinal manipulation was performed by a state-licensed chiropractic doctor with 31 years 
teaching experience at a chiropractic college on an Ergostyle 2000 adjusting table (Chattanooga 
Group Inc, Hixson, TX, USA). Prior to spinal manipulation participants would point to the area of 
greatest spine pain in their cervical and lumbar regions. This was followed by the chiropractic 
doctor palpating the affected areas. The location of spinal manipulation was the site of greatest 
spine pain upon palpation of regional vertebral segments. Cervical spine manipulation consisted 
of a diversified supine index pillar push manipulation as described by Bergman and Peterson 
while the patient was supine on the adjusting table as shown in figure 3a.63 The spinal 
manipulative therapy used a high-velocity low-amplitude thrust in a posterior-to-anterior, medial-
to-lateral, and superior-to-inferior direction. Lumbar spine manipulation consisted of a side-
posture adjustment as described by Bergman and Peterson with the patient side-lying on the 
adjusting table as shown in figure 3b.63 The spinal manipulative therapy used a high-velocity 
low-amplitude thrust in a posterior-to-anterior and inferior-to-superior direction. The chiropractic 
doctor performing the intervention underwent NIH Human subjects training prior to the beginning 
of the study and has experience performing spinal manipulation in previous published research 
articles. Researchers did not ask participants their spine pain NRS score after spinal 
manipulation because it was felt they would feel compelled to state a lower number no matter 
how they truly felt.  
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Figure 3. Image of a study participant receiving cervical (3a) and lumbar (3b) spinal 
manipulation. Cervical spine manipulation consisted of a diversified supine index pillar push 
manipulation. Lumbar spine manipulation consisted of a side-posture adjustment. 

 
 
Statistical analysis 
Force plate data was exported from the VICON system as .csv files and then x and y center of 
pressure attributes were transferred to an Excel worksheet (Microsoft Corporation, Redmond, 
WA, USA) for extrapolation of balance parameters that were analyzed in this study. Study data 
were analyzed with a paired samples t-test using SPSS version 20.0 (IBM, Armonk, NY, USA). 
Since 4 comparisons were made with t-tests a Bonferroni correction was used. Results were 
reported as mean + standard deviation (SD) unless otherwise specified. The alpha level of p < 
0.0125 was considered statistically significant for the 4 within-group measured center of 
pressure variables. Low and high 95% confidence intervals are reported for the t-test results. 
 
RESULTS 
Table 1 demonstrates baseline participant data in the 97-participant general analysis group and 
the 32-participant moderate neck and low back pain sub-analysis group. No adverse events 
were noted in the study in response to spinal manipulative therapy. The most commonly adjusted 
cervical segment was C2 (55.8% of the time) and in the lumbar spine L4 (68.3% of the time). 
Figure 4 demonstrates data trends. No statistically significant changes were observed in the 
balance parameters measured for the general 97 participant neck and low back pain group. Pre 
to post paired samples t-test p-values for the general neck and low back pain group were as 
follows: mean AP COP amplitude p = 0.100, mean ML COP amplitude p = 0.220, AP COP range 
p = 0.160, and ML COP range p = 0.232. For sub-analysis moderate combined neck and low 
back pain was defined as total pain between 8-14 on the NRS (e.g., neck pain = 5 NRS, low 
back pain = 6 NRS, combined = 11 NRS).  Low combined neck and low back pain was defined 
as total pain between 2-7 on the NRS. Sub-analysis of 32 individuals with moderate neck (4.1 + 
1.2 NRS) and low back (4.6 + 1.3 NRS) pain demonstrated positive improvements in medial-to- 
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lateral COP mean amplitude (0.14 + 0.09 cm to 0.12 + 0.05 cm, p = 0.037, d = 0.39) and range 
(1.85 + 0.58 cm to 1.72 + 0.45 cm, p = 0.048, d = 0.36) and the p values were approaching 
statistical significance, but did not reach it. Both Cohen’s d effect sizes were small. Pre to post 
paired samples t-test p-values for the moderate neck and low back pain subgroup were p = 
0.181 for mean AP COP amplitude and p = 0.540 for AP COP range. 
 
Figure 4. Force plate balance properties measured.  Data listed as mean + SD. There was 
no statistically significant difference seen in response to spinal manipulation in the general neck 
and low back pain group. ML COP range and mean ML COP amplitude decreased by post-test 
in the sub-analysis of individuals with moderate combined neck and low back pain, but it did not 
reach statistical significance. ML = medial-to-lateral, AP = anterior-to-posterior, amp = amplitude, 
and COP = center of pressure. 
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For the general neck and low back pain group the difference between baseline to post-test mean 
AP COP amplitude was .03: 95% CI [-.005, .056]. The difference between baseline to post-test 
mean ML COP amplitude was .01: 95% CI [-.008, .033]. The difference between baseline to 
post-test AP COP range was .13: 95% CI [-.050, .299]. The difference between baseline to post-
test mean ML COP amplitude was .09: 95% CI [-.057, .231]. For the moderate neck and low 
back pain 32-participant group the difference between baseline to post-test mean AP COP 
amplitude was .02: 95% CI [-.013, .064]. The difference between baseline to post-test mean ML 
COP amplitude was .02: 95% CI [.002, .047]. The difference between baseline to post-test AP 
COP range was .07: 95% CI [-.155, .291]. The difference between baseline to post-test mean 
ML COP amplitude was .13: 95% CI [.001, .251]. 
A post-hoc power analysis was conducted using G*Power version 3.1.9.7 for calculation of the 
study power of the sub-analysis of participants with moderate neck and low back pain that 
received spinal manipulation. Using a post-hoc power analysis, t-test: differences between two 
dependent means, one tail, effect size of = 0.36 (small effect), α = .048, and sample size of 32 
participants in the sub-analysis the total statistical power was 0.68 for medial-to-lateral COP 
range change. Thus, the sub-analysis was underpowered and researchers would need to have 
recruited 44 participants with moderate combined neck and low back pain for the analysis to be 
adequately powered, with a power of 0.80. 
  
DISCUSSION 
The result was that spinal manipulation for 97 individuals in the main analysis, which fit the 
criteria of low combined neck and low back pain, did not have a statistically significant positive 
impact on balance parameters. Sub-analysis of individuals with moderate neck and low back 
pain demonstrated a possible small benefit on medial-to-lateral COP amplitude and range, but 
it did not reach statistical significance. These sub-analysis findings are hindered by the number 
of participants being 32 and not reaching 44. Twelve more participants with combined pain 
between 8-14 would be needed to reach adequate statistical power.  There was not a large 
difference in pain between the general neck and low back pain group (n=97) and the sub-
analysis of individuals with moderate neck and low back pain (n=32).  Recruiting 
participants with larger overall NRS pain across the neck and low back pain may have resulted 
in different study findings. 
Existing research is mixed on there being a benefit to balance in response to spinal manipulation 
for individuals with neck or low back pain. Some researchers have found a small benefit,50,51,52 
while others have not.53,54 Part of the problem may be that spinal manipulation cannot impact 
balance positively with some forms of spine pain, as was seen in the low back pain study by 
Smith et al on spinal stenosis. Additionally, the impact of afferentation on integration and possible 
modulation and compensation induced by spinal manipulation should be further explored in 
relation to its impact on balance.64-68 For example, Haavik et al found that spinal manipulation 
for individuals with mild spine pain increased cortical excitability and descending cortical drive, 
resulting in an increase in strength.69 Another significant problem with demonstrating an 
association between spinal manipulation for spine pain is to ensure studies have an adequate 
sample size. This study’s sub-analysis on individuals with moderate neck and low back pain was 
underpowered. Having underpowered balance spinal manipulation studies is common in the 
limited literature in this field.50,53,54 
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One way that this study was different than many previous balance-related spinal manipulation 
studies is that it involved participants with spine pain in 2 different regions of their spine. 
Evidence suggests neck pain individually causes impairments in balance,16-24 as does low back 
pain.34-35 Patients with both neck and low back pain have been seen to have even larger 
impairments in balance, and an area of which is minimally studied in research.55 The goal of this 
study was to determine if spinal manipulation to both the cervical and lumbar regions of 
individuals with spine pain resulted in short-term small significant improvements in balance. 
A possible future direction of research to stem from this study would be to engage in a similar 
study design, but with a middle-age to older adult population, with more discrete ranges of pain 
for each group (e.g., 0-3 NRS group, 6-8 NRS group), and not chiropractic college students that 
receive spinal manipulation more often. Middle-aged adults experience neck pain more often 
than other age groups,70 are more likely to experience dizziness71-72 and are the most common 
chiropractic patient demographic.73-74 Older adults, on the other hand, are more likely to be at 
an increased risk of falls,75-76 and if spinal manipulation could improve balance that would be 
worthy of research. Factors increasing fall risk amongst older adults include impairments in 
proprioception, balance, and reduced trunk muscle strength.75-76 Another research direction 
suggested by Goertz et al in addition to using a force plate to track balance changes in response 
to spinal manipulation would be to engage in kinematic analysis of motion at the ankle, knee, 
and hip.52,77 Studies suggest individuals with low back pain tend to use corrective ankle motion 
strategies more than hip motion strategies to maintain their standing upright posture, which could 
be used as another variable to track improvements in functionality.77-79 An additional possible 
direction of research that could stem from this study is determining the differential impact of neck 
pain on balance versus low back pain on balance, versus both combined. There is almost no 
research on the impact of combined neck and low back pain on balance parameters. 
 
Strengths and Limitations 
One strength of this study is that there is minimal published research using force plates to 
measure the impact of spinal manipulation on standing static balance for individuals with spine 
pain. More objective studies as opposed to subjective balance-related activities of daily living 
surveys are needed to quantify any possible improvements in balance performance in response 
to spinal manipulation. 
One limitation of this study is that chiropractic college students were utilized which lowers the 
external validity of the findings of this experiment. It is reasonable to suggest that individuals that 
do not regularly receive spinal manipulation may have responded to a larger degree than 
students who receive spinal manipulation periodically in a chiropractic college program. This 
should be explored further by future research involving patients in the general public with neck 
and low back pain. However, this study data does help to establish baseline data that future 
patients can be compared against. Furthermore, the reason why researchers did not measure 
pain post-treatment is that they believed since the participants were chiropractic college students 
that they would feel compelled to state a lower NRS pain number no matter how they felt at post-
test. Additionally, some study participants demonstrated low levels of pain (e.g., neck pain of 1 
on the NRS and low back pain of 1 on the NRS). Raising the inclusion NRS cut-offs for 
participants in this experiment could have improved the study quality. 
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Another limitation of this study is that it measured the short-term change in balance parameters 
in response to spinal manipulation following a singular intervention period. It could be argued 
that balance should be assessed at baseline and after 4-6 weeks of chiropractic care as spine 
pain or other non-pain attributes impacting their activities of daily living resolve. Chiropractic care 
in a study like this should involve a combination of spinal manipulation, patient education, 
passive modalities, and active modalities. In the 2016 study by Goertz et al they performed high-
velocity low-amplitude lumbar spinal manipulation on 72 patients with low back pain (44.1 age 
y, 5.4 low back pain NRS, with 93.1% having low back pain over 1-year) and found only small 
changes in balance parameters.52 Although their study did measure immediate pre-to-post 
changes as this current study did, they only tracked patient balance response over 2 weeks of 
chiropractic care consisting of 5 total visits.52  Longer duration balance-related spine pain 
chiropractic care studies over 4-6 weeks are warranted. Additionally, this study did not measure 
pain post-manipulation. As a result, a correlation cannot be made between improvements in pain 
and balance. Furthermore, no control or sham group was used and placebo effects cannot be 
ruled out as possible explanations for the study findings. 
 
CONCLUSION  
Spinal manipulation did not cause an immediate change in balance parameters of chiropractic 
college students with low or moderate levels of combined neck and low back pain to a statistically 
significant level. However, college students with moderate levels of combined neck and low back 
pain demonstrated short-term small improvements in their medial-to-lateral center of pressure 
mean amplitude and overall range. Future larger studies need to be performed with adequate 
statistical power on individuals with moderate neck and low back pain, preferably individuals that 
do not receive spinal manipulation as often to increase external validity for use as a benefit for 
the typical patient population. 
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