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Abstract: Spinal manipulation (SM) and stabilization-focused exercise are commonly used
in chronic low back pain, yet evidence on their combined effects is limited. This randomized
controlled trial compared SM and dynamic neuromuscular stabilization (DNS), alone or
combined, in chronic non-specific low back pain. Forty-eight participants were randomized
(1:1:1:1; n=12/group) using a computer-generated sequence with opaque sealed-envelope
concealment to Control, SM, DNS, or SM+DNS (SMDNS). Interventions (except Control) were
delivered twice weekly for 4 weeks. Outcomes (VAS, ODI, RMDQ, DNS-HS, PostureScreen)
were assessed at baseline and follow-up. Assessor blinding was not feasible (treating
physiotherapist also assessed outcomes); analyses used coded group labels.Within-group
analyses showed significant improvements in most outcomes (p<0.05), except for postural
deviation in the SM group and frontal postural deviation in the DNS and SMDNS groups.
Between-group comparisons indicated greater early pain reduction with SMDNS at the
second assessment (p<0.05). By week 4, pain decreased most in DNS and SMDNS (VAS A=-3),
while SM showed A=-2 and Control showed no change. Disability improved most in
DNS/SMDNS (ODI A=-13.39/-15.38; RMDQ A=-5.24/-5.77). Week-4 effect sizes favored
SMDNS over Control and SM for key outcomes (VAS D2 g=2.07 vs Control, 1.24 vs SM; ODI
PC2 g=1.73 vs Control, 1.05 vs SM; RMDQ PC2 g=1.34 vs Control, 0.23 vs SM). Overall, adding
SM to DNS may enhance early pain relief; the magnitude of between-group differences (effect
sizes with 95% Cls) supports interpretation, while clinical relevance should be considered
alongside established MCIDs and confirmed in larger trials with longer follow-up.

Keywords: Spinal Manipulation, Dynamic Neuromuscular Stabilization, Exercise, Low Back
Pain, Chronic

1. Introduction

Chronic non-specific low back pain (CNSLBP) refers to persistent low back pain for
which no single, clearly identifiable specific pathology can be established. Although
various structural findings, such as degenerative changes in the intervertebral discs
or facet joints, may be observed, particularly on imaging, these findings often show
limited correlation with symptoms and therefore should not be regarded as the pri-
mary cause of CNSLBP [1]. CNSLBP may adversely affect body structure and func-
tion, contributing to reduced trunk muscle strength and endurance as well as limita-
tions in activities of daily living. In some individuals, myofascial pain features, in-
cluding trigger points, may also coexist with chronic low back pain [2]. Low back
pain (LBP) affects nearly 23% of the general population and represents one of the
most prevalent chronic conditions among individuals younger than 65 years [3].
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Although there is no universal consensus regarding the optimal treatment of chronic
low back pain, a range of interventions is commonly used in clinical practice, includ-
ing electrotherapy, exercise therapy, manual therapy, pharmacological treatment,
and invasive methods. In general, combining different treatment strategies is recom-
mended to improve outcomes [1]. Contemporary clinical practice guidelines empha-
size multimodal, non-surgical management for chronic low back pain, with exercise-
based rehabilitation considered a core component and manual therapy regarded as
an adjunctive option for selected patients. Similarly, recent WHO-related guidance,
NICE guidance summaries, and the ACP clinical practice guideline prioritize non-
pharmacological care, particularly exercise, while positioning manual therapy, in-
cluding spinal manipulative therapy, within a multimodal package of care [37,38,39].
Recent algorithm-based frameworks have likewise highlighted the importance of
red-flag screening and a stratified, conservative management approach aligned with
contemporary guideline recommendations [40].

One of the treatment approaches used in chronic low back pain is spinal manipula-
tion. Spinal manipulation is a high-velocity, low-amplitude thrust maneuver applied
to a specific spinal segment and is often accompanied by an audible cavitation sound
arising from one or more joints. Although the effectiveness of manipulative treat-
ments has been demonstrated more consistently in acute and subacute low back pain,
findings in chronic low back pain remain inconclusive [4,5,6]. Nevertheless, some
studies have reported that spinal manipulation may be superior to certain alternative
treatments in individuals with chronic low back pain [4]. In addition, stabilization
exercises have been reported to improve pain, disability, and physical performance
in patients with chronic low back pain [7,8].

Although previous studies have compared spinal manipulation with stabilization-
oriented exercise approaches, it remains clinically unclear how chiropractic high-ve-
locity low-amplitude (HVLA) manipulation performs relative to Dynamic Neuro-
muscular Stabilization (DNS). DNS is a stabilization-based approach that emphasizes
reflex-mediated activation and the restoration of efficient movement patterns
grounded in ontogenetic motor development. It aims to promote gains in core muscle
function and motor reorganization without requiring consciously driven, cognitively
demanding control [9,10]. Therefore, the present study aimed to address this clini-
cally relevant uncertainty by comparatively examining the effects of DNS and chiro-
practic HVLA manipulation on pain, pain-related functional impairment (disability),
physical competence, dynamic core muscle fitness, and postural deviations in indi-
viduals with chronic non-specific low back pain.

We hypothesized that: (i) the combined intervention (SM+DNS) would produce
greater improvements in pain and disability than either intervention alone or the con-
trol condition; and (ii) SM and DNS applied separately would result in better out-
comes than the control condition.

2. Materials and Methods

Participants who met the inclusion criteria were enrolled in the study after their de-
mographic information had been recorded on the data-tracking form. Subsequently,
the participants were randomly allocated into four groups. The group receiving chi-
ropractic manipulation was designated as the SM Group, the group receiving Dy-
namic Neuromuscular Stabilization exercises as the DNS Group, the group receiving
the combined chiropractic manipulation and Dynamic Neuromuscular Stabilization
intervention as the SMDNS Group, and the group receiving no treatment as the Con-
trol Group. All active interventions were administered by, or under the supervision
of, the same physiotherapist responsible for the treatment procedures in all groups.
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The SM group received High-Velocity Low-Amplitude (HVLA) spinal manipulation
twice weekly for 4 weeks, for a total of 8 sessions. The DNS group received Dynamic
Neuromuscular Stabilization (DNS) exercises twice weekly for 4 weeks, also for a
total of 8 sessions, with each session lasting 50 minutes. The SMDNS group received
a combination of DNS exercises and HVLA spinal manipulation twice weekly for 4
weeks, totaling 8 sessions. Participants in the Control group received no intervention
during the study period. They were instructed to maintain their usual activity levels
and not to initiate any new physiotherapy, exercise program, or other treatment for
low back pain during the follow-up period. After the final assessment, participants
in the Control group were offered free treatment.

Participants were assessed at a total of three time points during the study: immedi-
ately before the intervention (baseline), at week 2 after the initiation of treatment (fol-
lowing the 4th session), and at week 4 after completion of the intervention period
(following the 8th session). The Dynamic Neuromuscular Stabilization—Heel Sliding
(DNS-HS) Test was used to evaluate dynamic core muscle fitness. The Visual Analog
Scale (VAS) was used to assess the subjective intensity of low back pain. The Roland-
Morris Disability Questionnaire (RMDQ) was used to determine physical compe-
tence, while the Oswestry Disability Index (ODI) was used to evaluate the degree of
restriction in daily life due to low back pain. In addition, the PostureScreen Mobile
application was used to assess postural deviations..

2.1.Participants

This study was conducted at a private physiotherapy clinic in Zonguldak, Tiirkiye.
Participant recruitment, as well as all baseline and follow-up assessments, was car-
ried out at the same clinic. Participants were screened by a physiotherapist through
clinical examination and a detailed medical history assessment. Individuals aged 20
to 45 years were eligible for inclusion if they had experienced low back pain for at
least 6 months, had an Oswestry Disability Index score of 7 or higher, a Visual Analog
Scale pain score of 3 or above, and normal radicular test findings. Eligible participants
were also required to demonstrate adequate cooperation with the clinicians and to
provide written informed consent before participation.

Individuals were excluded if they were pregnant; had a history of spinal surgery,
neurological deficits, malignancy, inflammatory disease, or rheumatologic disease;
or had received physical therapy within the previous month. Participants were also
withdrawn from the study during follow-up if they missed two consecutive treat-
ment sessions, interrupted the treatment or assessment protocol, chose to withdraw
voluntarily, or developed any condition meeting the exclusion criteria, such as
trauma or initiation of physical therapy during the study period.

2.2. Sample Size

An a priori sample size calculation was performed using G*Power software (version
3.1.9.7), which indicated that a minimum of 48 participants was required for compar-
isons among four independent groups, assuming an effect size (d) of 0.55, an alpha
level of 0.05, and a statistical power of 85%. Accordingly, the study included 48 par-
ticipants, with 12 individuals assigned to each group.

2.3.Intervention

Participants allocated to the active treatment groups received their respective inter-
ventions twice weekly for 4 weeks, for a total of 8 sessions. The SM group received
lumbar high-velocity low-amplitude (HVLA) spinal manipulation, the DNS group
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received dynamic neuromuscular stabilization exercises, and the SM+DNS group re-
ceived both interventions during the same treatment period. In the combined-inter-
vention group, spinal manipulation was performed first, followed by DNS exercises
within the same session. All active interventions were delivered by the same physio-
therapist to ensure procedural consistency. The control group did not receive any
active therapeutic intervention during the study period.

2.3.1.Spinal manipulation

The HVLA thrust was delivered to the lumbar region using a standardized side-lying
technique, with reference to Gyer [17]. The participant was positioned in side lying,
with the lower leg extended and the upper hip and knee flexed. The physiotherapist
then guided the participant into an assisted trunk rotation using the upper arm until
the end range of lumbar motion was reached. During the application, the physiother-
apist placed the hypothenar eminence over the transverse process of the clinically
relevant lumbar segment, identified according to predefined clinical criteria includ-
ing palpatory tenderness, segmental motion restriction, and reproduction of the par-
ticipant’s familiar pain. To ensure procedural consistency, the same treatment algo-
rithm was applied to all participants, and manipulation was limited to a maximum
of one to two lumbar levels per session. Each session included a standardized safety
screening for red flags and contraindications, as well as a pre-manipulative position-
ing check. The thrust direction and amplitude were kept consistent according to the
study protocol. All manipulations were performed by the same experienced clinician,
and the treated level(s) were recorded after each session.

2.3.2. Dynamic neuromuscular stabilization exercises

Individualized DNS exercises were administered under the supervision of a physio-
therapist to participants in the groups receiving DNS therapy. Initially, participants
were taught posterior diaphragmatic activation in the supine position and the ability
to direct intra-abdominal pressure caudally while preventing cranial elevation of the
rib cage, thereby maintaining the chest and pelvis in a neutral position and aligning
the thoracic diaphragm and pelvis in parallel. Participants were then instructed to
perform a chin tuck without disturbing rib cage alignment, with the aim of achieving
parallel alignment of the cervical, thoracic, and pelvic diaphragms. This alignment
was intended to facilitate reflex activation of the deep stabilizing system through ap-
propriate diaphragmatic movement and intra-abdominal pressure regulation. Partic-
ipants were instructed to maintain this alignment throughout the DNS exercise pat-
terns [18]. DNS was delivered according to a predefined progression framework. Ses-
sions began with breathing and intra-abdominal pressure control exercises, including
diaphragmatic breathing and abdominal wall co-activation, and then progressed to
developmental positions such as supine 90/90, prone support, quadruped, side sup-
port, and functional stabilization tasks. Progression to the next level was allowed
only when the participant met the following operational criteria: (i) maintenance of
neutral spine and pelvic alignment, (ii) controlled breathing with stable intra-ab-
dominal pressure, (iii) absence of symptom exacerbation during and after the task,
and (iv) completion of the prescribed repetitions with correct form. If these criteria
were not met, the exercise was regressed by reducing the lever arm or support de-
mand, decreasing the number of repetitions, or providing additional tactile and ver-
bal cues. Dosage parameters, including sets, repetitions, rest periods, and exercise
modifications, were documented after each session to improve reproducibility.
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2.4. Randomization

After eligibility screening and baseline assessment, participants were randomly as-
signed in a 1:1:1:1 ratio to the Control, SM, DNS, or SM+DNS group. The randomiza-
tion sequence was generated using a computer-based simple randomization method
by an independent researcher who had no role in participant recruitment, treatment
administration, or outcome assessment. Allocation concealment was maintained
through sequentially numbered, opaque, sealed envelopes, which were opened by
the enrolling researcher only after the baseline assessments had been completed.

2.5. Blinding

Due to the nature of the interventions, participant and therapist blinding was not
feasible. The treating physiotherapist also conducted outcome assessments; there-
fore, assessor blinding was not possible. To reduce bias, assessments followed a
standardized protocol, and data were analyzed using anonymized, coded group la-
bels (A-D) revealed only after analysis.

2.6. Outcome Measures
2.6.1. Demographic characteristics

Participants’ age, sex, body weight, height, and body mass index (BMI) were rec-
orded. BMI was calculated as weight in kilograms divided by height in meters
squared.

2.6.2. Visual analog scale (VAS)

A Visual Analog Scale (VAS) was used to assess pain intensity in the participants.
The scale consists of a 10-cm horizontal line ranging from 0 (“no pain”) to 10 (“the
worst pain imaginable”). The VAS is one of the most widely used and reliable quan-
titative tools for pain assessment in clinical research [11].

2.6.3. Roland Morris Disability Questionnaire (RMDQ)

The Roland-Morris Disability Questionnaire (RMDQ) is a 24-item self-reported ques-
tionnaire and one of the most commonly used instruments for assessing disability
related to low back pain. Total scores range from 0 to 24, with higher scores indicating
greater disability severity [11].

2.6.4. Oswestry disability index (ODI)

The Oswestry Disability Index (ODI) is one of the most widely used instruments for
assessing disability related to low back pain, and its validity and usefulness have
been demonstrated in various studies. It consists of 10 items, each scored from 0 to 5,
with higher scores indicating greater disability. The final score is calculated by sum-
ming the item scores and multiplying the total by 2, resulting in a percentage score
ranging from 0 to 100% [12].

2.6.5. DNS-HS dynamic neuromuscular stabilization-heel sliding test (DNSHS)

The DNS-HS test is a promising tool for assessing the dynamic function of the core
muscles and for evaluating dynamic stabilization, particularly in individuals with
low back pain and core instability. It has been described within the Dynamic Neuro-
muscular Stabilization approach proposed by Pavel Kolar for spinal rehabilitation
and functional postural stabilization assessment [13]. In the DNS-HS test, partici-
pants are positioned supine in a hook-lying posture with the hips flexed and the
knees bent, and a pressure biofeedback unit (PBU) is placed beneath the lumbar
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spine. Participants are instructed to breathe normally, activate the diaphragm appro-
priately, and maintain lumbopelvic stability during the task. The test is repeated
three times, with emphasis on core stabilization performance [13].

In the present study, the DNS-HS test was used to assess lumbopelvic stabilization
during a lower-limb heel-sliding task. Participants lay supine in a hook-lying posi-
tion with the arms relaxed and were instructed to maintain a neutral lumbopelvic
alignment while breathing normally. From the starting position, each participant
slowly slid one heel along the examination surface toward near full knee extension
and then returned to the initial position while attempting to keep the pelvis and lum-
bar spine stable. The same procedure was then repeated on the contralateral side. A
trial was considered faulty if any of the following occurred: visible pelvic rotation or
tilt, increased lumbar lordosis or loss of neutral alignment, rib flare or breath-holding,
loss of smooth and controlled movement, or pain provocation requiring interruption.
Each side was scored as pass (1) if the task was completed without faults and fail (0)
if one or more faults occurred. Participants performed three trials on each side, and
the final score for each side was determined according to the modal result across the
three trials. The overall DNS-HS score was calculated as the sum of the right and left
side scores, ranging from 0 to 2, with higher scores indicating better lumbopelvic sta-
bilization [41].

2.6.6. Posture screen mobile (PSM)

The PostureScreen Mobile application is a reliable tool for posture assessment that
uses a camera-based system on mobile devices operating with Android and iOS plat-
forms to generate numerical postural data. Participants were asked to wear appro-
priate clothing and were photographed in a standardized static standing posture. The
software was then used to calculate postural asymmetry values and degrees of devi-
ation from normal posture. The application provides postural deviation measures
from the anterior, posterior, right lateral, and left lateral views [14,15,16].

In the present study, postural variables obtained from PostureScreen Mobile (PSM)
were recorded as translation totals, including ATT (Anterior Translations Total), PTT
(Posterior Translations Total), RLTT (Right Lateral Translations Total), and LLTT
(Left Lateral Translations Total), as reported by the application output. These varia-
bles represent the anterior—posterior and right-left translation components of pos-
ture quantified from standardized photographs according to the PSM protocol.

2.7. Data Analyses

Statistical analyses were performed using Excel 2016, Minitab 17.1.0, and R-Studio
1.4.1103. Sample size analysis (G*Power 3.1.9.7) indicated that at least 48 participants
aged 2045 years were required for four independent groups (effect size d = 0.55, o =
0.05, power = 0.85). Qualitative variables were summarized with frequency and per-
centage, and quantitative variables with mean, SD, median, minimum and maxi-
mum. Normality was assessed using the Shapiro-Wilk test. Pearson Chi-square was
used for group comparisons of qualitative data. Kruskal-Wallis was used for inde-
pendent quantitative comparisons, followed by Bonferroni-adjusted Mann-Whitney
U for post-hoc pairwise tests. Spearman correlation was used to assess relationships
between quantitative variables.

3.Result

There was no difference between the study groups in terms of BMI (p=0.480), age
(p=0.189) and gender (p=0.324). (Table 1)
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Table 1. Demographic data of participants

Parameters Mean£Standard Deviation / Median (Minimum — Maximum) P

Control Group SM Group DNS Group SMDNS Group
(CG)
BMI 255+4.60/2523 2356+1.77/22.75 2491+3.39/24.81 26.88+8.67/24.83  0.480°
(18.20-34.64) (21.95-22.48) (19.14 - 30.06) (18.07-53.7)
AGE 35.83+7.15/3 34.67+5.99/32.50 39.08 £5.01/40 33.7+7.67/35 0.189*
7(23-45) (27-45) (27 - 45) (22-45)

GENDER MALE 6 (%50.0) 3 (%25.0) 6 (%46.2) 8 (%61.5) 0.324°

FEMALE 6 (%50.0) 9 (%75.0) 7 (%53.8) 5 (%38.5)

2One-way analysis of variance, ®PPearson chi-square test, BMI: Body Mass Index, CG: Control Group, SM:
Spinal Manipulation, DNS: Dynamic Neuromuscular Stabilization, SMDNS: Spinal Manipulation and Dy-
namic Neuromuscular Stabilization

In the second measurement, significant between-group differences were observed for
VAS (p =0.006), DNSHS (p = 0.001), and PTT (p = 0.009) (Table 2). Post-hoc compari-
sons indicated that VAS values were higher in the Control group than in the DNS
and SMDNS groups. DNSHS also differed between groups, with lower values in the
DNS and SMDNS groups compared with the Control and SM groups. For PTT, the
DNS group showed lower values than the SMDNS and SM groups (Table 2).

In the third measurement, significant between-group differences were found for VAS
(p <0.001), ODI (p = 0.008), RMDQ (p = 0.022), RLTT (p =0.013), and LLTT (p = 0.018)
(Table 2). Post-hoc comparisons showed that VAS values were higher in the Control
group than in the DNS and SMDNS groups. ODI differed between groups, with
higher values in the Control group than in the SMDNS group. For postural transla-
tions, RLTT values were higher in the Control group compared with the intervention
groups, and LLTT values were lower in the DNS group compared with the Control
group (Table 2).

Table 2. Intra-group and Inter-group comparison

Parameters MeanzStandard Deviation / Median (Minimum — Maximum) P
Control Group SM Group DNS Group SMDNS Group
(CG)

VAS 1st measurement 53-9) 53-7 53-7 53-7 0.346¢
2nd measurement 5.5(3-8) 43-17) 3(1-7) 4(1-6) 0.006¢
3rd measurement 53-7) 32-6) 2(1-8) 2(1-5) <0.001°¢

A (3rd-1st)(Median) 0 -2 -3 -3
p 0.0564 <0.001¢ 0.002¢ <0.001¢
ODI 1st measurement 32.33+£8.51 38.17 +15.87 31.54+11.20 31.69 +£8.32 0.689¢
33(20 —44) 31(32-76) 30(18 — 64) 32(18 —42)
2nd measurement 31.33+£7.92 32.83 +15.82 25.23+10.44 24.77+9.88 0.224¢
32(18 —42) 30(14-172) 24(0 —28) 24(12 - 48)
3rd measurement 27.83 + 8.46 36.67 + 18.07 18.15+9.91 16.31 +10.45 0.008¢
25(16 — 44) 23(16 -44) 20(0 — 36) 6(12 — 40)
A (3rd-1st)(Mean) -4.50 -1.50 -13.39 -15.38
p 0.016% 0.001¢ 0.001¢ <0.001¢
DNSHS 1st measurement 43.67+ 25.04 39.05 +10.03 37.69+8.94 39.59 +11.89 0.827¢
35.35(16.7 - 110) 40.35(11.7- 50) 38.4 (15 - 50) 35(26.7 -74)
2nd measurement 33.95+7.39 39.01+9.88 24.52+9.51 26.96 + 12.77 0.001°¢
35.35 (20— 47.8) 39.35(12 —49.3) 26(10.7 — 36) 25.5(12.7 - 64)
3rd measurement 33.57+7.96 37.45+9.75 38.80 15.7£9.02 19.18 £12.33 <0.001¢
35.1(17.7 - 47.8) (11.1 —48) 14(0 - 30) 17.4(8.57 — 58)
A (3rd-1st)(Mean) -10.10 -1.60 -21.99 -20.41
p 0.815¢ <0.001¢ <0.001¢ <0.001¢
RMDQ 1st measurement 7.67+3.77 8.08 £2.46 9.62 +3.95 9.15+4.07 0.616¢
72 -16) 8(4-13) 93-19) 8(5-18)
2nd measurement 8.67 +3.08 7.08 £2.39 6.54+5.78 6 +4.06 0.141°¢
8(5-15) 7(4-13) 4(0-19) 5(1-15)
3rd measurement 7.25+3.72 5.08+1.56 4.38 +£5.05 338+2.78 0.022¢
6.5(3 - 16) 4.53-38) 3(0-17) 3(0-8)
A (3rd—1st)(Mean) -0.42 -3 -5.24 -5.77
p 0.159¢ <0.001¢ <0.001¢ <0.001¢
ATT 1st measurement 2.84 +1.49 2.31+£0.97 2.75+1.60 3+£1.14 0.291¢

2.94(0.3 - 5.42)

2.14(1.09- 4.04)

2.07(1.34- 7.13)

2.77(0.55 - 4.69)
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2nd measurement 2.80 £ 1.56 2.80+1.26 2.73+1.37 2.97 +1.56 0.976¢
2.25(0.98 — 5.35) 2.42(1.13-5.03) 2.44(0.55- 5.6) 2.46(1.27 - 6.24)
3rd measurement 3.02+1.23 2.58+0.73 2.02+0.76 2.45+1.25 0.138¢
2.79(1.49 — 5.35) 2.46(1.30—3.74) 1.74(0.94— 3.49) 1.83(1.20 — 4.80)
A (3rd-1st)(Mean) 0.18 0.27 -0.73 -0.55
p 0.567¢ 0.567¢ 0.199¢ 0.199¢
RLTT 1st measurement 11.60 £ 3.05 10.01+2.49 12.36+4.49 13.31+6.08 0.470¢
10.87(8.64— 7.62) 9.95(6.37 — 14.35) 12.63(6.579.96) 12.25(6.91-8.61)
2nd measurement 12.99+3.98 9.06+3.51 10.71+3.82 11.07+4.48 0.127¢
12.61(7.79- 0.04) 8.99(4.38 — 16.5) 9.91(6.28— 7.47) 9.96(4.39-19.70)
3rd measurement 12.25£4.06 8.67 £2.39 7.71£3.04 8.57+4.34 0.013¢
11.48(8.55-21.36) 8.41(4.54 - 11.64) 7.68(2.35- 3.04) 7.11(3.89-1.10)
A (3rd-1st)(Mean) 0.65 -1.34 -4.65 -4.74
p 0.218¢ 0.144¢ 0.002¢ 0.032¢
PTT 1st measurement 521+1.87 5.84+2.38 4.62+1.25 4.54+ 141 0.420¢
4.74(2.22 -9.32) 5.7(2.52-10.22) 5.18(2.44- 6.22) 4.71(2.24 - 6.02)
2nd measurement 5.14+2.54 5.83 +1.5 3.81£1.66 5.51+£1.29 0.009¢
4.51(2.23-11.32) 6.04(3.06 — 8.36) 3.47(1.71-7.14) 5.2(4-8.75)
3rd measurement 4.77 +1.86 6.07 £2.39 4.19+1.38 4.67+2.01 0.226°
4.5(2.94 -9.84) 5.9(3.46 — 12.19 4.35(1.91- 6.19) 3.98(1.45-18.37)
A (3rd-1st)(Mean) -0.44 0.23 -0.43 0.13
p 0.407¢ 0.455¢ 0.735¢ 0.292¢
LLTT 1st measurement 10.29 +£4.32 10.08+2.72 9.98 +£4.12 10.67 +2.39 0.959¢
10.51(3.75 - 7.28) 10.38(4.32—- 3.56) 8.42(4.92 — 6.06) 10.39(7.20-15.03)
2nd measurement 9.94+3.77 9.58 +£3.15 9.18+3.51 10.24 +£3.32 0.806°
10.58(4.55-5.11) 9.84(4.06 — 13.53) 7.64(5.87-18.31) 10.15(4.66— 5.03)
3rd measurement 10.24+3.28 10.05 £3.59 6.49+£2.51 8.18+1.96 0.018¢
10.39(5.29-5.01) 9.81(4.68 — 14.96) 6.49(2.5- 12.05) 8.37(5.30-12.16)
A (3rd-1st)(Mean) -0.05 -0.03 -3.49 -2.49
p 0.303¢ 0.853¢ 0.023¢ 0.023¢

CG: Control Group; SM: Spinal Manipulation; DNS: Dynamic Neuromuscular Stabilization; SMDNS: Spinal Manipulation + Dynamic
Neuromuscular Stabilization; VAS: Visual Analog Scale; ODI: Oswestry Disability Index; DNSHS: Dynamic Neuromuscular Stabilization
Heel Slide Test; RMDQ: Roland-Morris Disability Questionnaire; ATT: Anterior Translations Total; RLTT: Right Lateral Translations Total;
PTT: Posterior Translations Total; LLTT: Left Lateral Translations Total. Between-group comparisons were performed using the Kruskal-
Wallis test (c). Within-group comparisons across time were performed using the Wilcoxon signed-rank test (d). A (3rd—1st) indicates change

from baseline (1st measurement) to week 4 (3rd measurement).

Table 3. Comparison of differences between groups

Parameters Control Group SM Group DNS Group SMDNS Group P Hedges g Hedges g Hedges g
(CG) [95% CI] [95% CI] [95% CI]
(SMDNS vs (SMDNS vs (SMDNS vs
CG) SM) DNS)
VAS -0.08 +0.51 -0.33 £ 0.65 -1.15+2.12 -1.62 +0.87 0.002¢ 2.09 1.62 0.28
D1 0(-1.0-1.0) 0 (-2.0-0.0) 0 (-6.0-2.0) -2 (-3.0-0.0) [1.08, 3.10] [0.69, 2.55] [-.52,1.08]
VAS -0.45+0.52 -1.33+0.49 -1.92+£2.22 -2.62+1.33 <0.001¢ 2.07 1.24 0.37
D2 0(-1.0-0.0) -1.0 (2.0 - -1.0) -2 (-6.0 - 3.0) -3(-4.0-0.0) [1.07, 3.08] [0.36,2.12] [-0.44, .18]
DNS-HS -9.76 + 26.86 0.1+22 -342+22.5 -32.3+0.37 <0.001¢ 1.15 19.83 -0.12
PC1 -1.05 (-60 — 20) 09(3-3) -36.6 (-65 — 0.0) -36.7 (-64 - 3.0) [0.28, 2.01] [13.92, 25.74] [-.92,0.69]
DNS-HS -11.2+26.5 42402 -61.0 £ 19.7 -53.7+ 144 <0.001¢ 1.92 4.69 -0.41
PC2 -0.8 (-60 —20) -4.1(-9--1) -60.7 (-100.0 —-31) -55.7(-75--22) [0.94,2.91] [3.09, 6.29] [-.22,0.40]
RMDQ 42.8+945155 -103+23.2 41 +£41.1 -353+324 0.001¢ 1.07 0.86 -0.15
PC1 (-50 - 300) -15.3 (-33 - 50) -42.9 (-100 — 44) -36.4 (-83 — 38) [0.21, 1.93] [0.02, 1.70] [-.95,0.65]
RMDQ 13.5+71.7 -35.0 +165.8 -63.5+31.7 -63.1 +30.6 <0.001¢ 1.34 0.23 -0.01
PC2 0 (-57—200) -37.5(-56 - 0) -71.4 (-100 —-8) -71.4 (-100 - 0) [0.45,2.23] [-0.58, 1.03] [-.81,0.79]
ODI 1.1+£17.7 -13.6+19.8 -15.8 +£46.9 -22.6 +18.9 0.058¢ 1.25 0.45 0.18
PC1 0 (-48 —27) -11.2 (-65 - 13) -26.7 (-100 — 90) -27.3 (-47 - 14) [0.37,2.13] [-0.36, 1.26] [-0.62,0.99]
ODI -13.3+14.3 -21.6 £26.8 -41.4+33.5 -49.8 +25.0 0.002¢ 1.73 1.05 0.27
PC2 -8.7(-43-0) -29.5 (-40 — 60) -43.8 (-100 - 20) -55.6 (-85 -0) [0.78, 2.68] [0.19, 1.91] [-0.53,1.08]
ATT PC1 0(-48 —430) 16(-34 — 40) 3(-81-93) -3(-71 - 347) 0.575¢ - - -
ATT PC2 -45(-45 - 787) 5(-24 - 139) -21(-72 - 52) -33(-74 - 773) 0.159¢ - - -
RLTT PC1 9(-12 - 58) -8(-43 - 33) -8(-34-9) -18(-76 — 144) 0.054¢ - - -
RLTT PC2 1(-22-34) -16(-45 - 30) -35(-81-12) -32(-76 — 84) <0.006¢ - - -
PTT PC1 -3(-44-28) 3(-70 — 126) -29(-61 —26) 23(-29 - 120) 0.089¢ - - -
PTT PC2 -3(-33-32) 10(-40 — 67) 7(-69 — 130) -9(-76 — 208) 0.675¢ - - -
LLTT PC1 0(-48 —59) 0(-54-21) 6(-57 - 58) 0(-66 —51) 0.969¢ - - -
LLTT PC2 6(-36 — 43) 0(-37 -21) -46(-66 — 132) -46(-66 — 132) <0.022¢ -

CG: Control Group; SM: Spinal Manipulation; DNS: Dynamic Neuromuscular Stabilization; SMDNS: Spinal Manipulation + Dynamlc
Neuromuscular Stabilization; VAS: Visual Analog Scale; ODI: Oswestry Disability Index; DNS-HS: Dynamic Neuromuscular Stabilization
Heel Slide Test; RMDQ: Roland-Morris Disability Questionnaire; ATT: Anterior Translations Total; RLTT: Right Lateral Translations Total;
PTT: Posterior Translations Total; LLTT: Left Lateral Translations Total; D1: Difference 1; D2: Difference 2; PC1: Percentage Change 1; PC2:
Percentage Change 2. Between-group comparisons were performed using the Kruskal-Wallis test (c). Effect sizes (Hedges g) were com-
puted and reported only for outcomes summarized as mean+SD. For outcomes summarized as median (min-max) (ATT, RLTT, PTT, LLTT),
standardized effect sizes could not be derived from the available summary statistics; therefore, results are presented as median changes
with corresponding p-values. 95% confidence intervals for Hedges g were calculated from group means/SDs assuming n=12 per group

using a standard approximation for the standard error of Hedges g.
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Within-group analyses showed that ODI changed significantly only in the Control
group (p = 0.016) (Table 2). In the SM group, significant time effects were observed
for VAS (p <0.001), ODI (p = 0.001), DNSHS (p < 0.001), and RMDQ (p < 0.001) (Table
2). In the DNS group, VAS (p = 0.002), ODI (p = 0.001), DNSHS (p < 0.001), RMDQ (p
<0.001), RLTT (p=0.002), and LLTT (p =0.023) changed significantly over time (Table
2). In the SMDNS group, significant reductions were found for VAS (p < 0.001), ODI
(p <0.001), and RMDQ (p <0.001), and postural variables also changed over time for
RLTT (p=0.032) and LLTT (p = 0.023) (Table 2). To facilitate interpretation of change
over time, Table 2 also reports A (3rd-1st) values; for variables summarized non-par-
ametrically, A is presented as the median (3rd-1st) (Table 2).

Differencel is used to express the difference between the measurements at time 1 and
2, Difference? is used to express the difference between the measurements at time 1
and 3. PC1 is used to express the difference between the measurements at time 1 and
2 as a percentage, PC2 is used to express the difference between the measurements at
time 1 and 3 as a percentage (Table 3).

VAS-D1 decreased the most in the SMDNS group compared to the other groups (p =
0.002). VAS-D2 showed a similar reduction in the SMDNS and DNS groups, both
significantly greater than in the Control group. For DNS-HS PC1 and PC2, the Con-
trol and SM groups were similar, and the DNS and SMDNS groups were similar,
with both intervention groups showing significantly greater reductions than the Con-
trol group (p <0.001) (Table 3).

For RMDQ PC1 and PC2, the Control and SM groups were similar, as were the DNS
and SMDNS groups; both intervention groups showed significantly greater reduc-
tions than the Control group (p <0.001). No significant difference was found between
groups for ODI PC1 (p = 0.058). For ODI PC2, the Control and SM groups were sim-
ilar, and the DNS and SMDNS groups were similar, with significantly greater de-
creases in the DNS and SMDNS groups compared to the Control group (p = 0.002)
(Table 3).

For RLTT PC2, the DNS and SMDNS groups showed greater decreases than the Con-
trol group (p < 0.006), and for LLTT PC2, the DNS and SMDNS groups showed
greater decreases than the Control group (p < 0.022) (Table 3).

To facilitate interpretation of the magnitude of change, standardized between-group
effect sizes are reported as Hedges g with 95% confidence intervals (Hedges g [95%
CI]) for outcomes summarized as mean+SD (Table 3). For outcomes summarized as
medians (ATT, RLTT, PTT, LLTT), results are presented as median changes with cor-
responding p-values because standardized mean-difference effect sizes with 95%
confidence intervals cannot be derived from summary median statistics alone (Table
3).

4. Discussion

The present study aimed to comparatively investigate the effects of HVLA lumbar
spinal manipulation and Dynamic Neuromuscular Stabilization (DNS) exercises on
pain, functional impairment, physical function, dynamic core-muscle adaptation,
and postural deviations in individuals with chronic non-specific low back pain. Over-
all, our findings suggest parameter-specific benefits rather than universal superiority
of any single intervention. Specifically, the combined SM+DNS (SMDNS) approach
was associated with greater early pain reduction at the second assessment, whereas
DNS-based interventions (DNS and SMDNS) demonstrated more consistent im-
provements in disability-related outcomes and core-stabilization performance across
follow-up.
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Ozcan et al. compared spinal manipulation with Mulligan mobilization techniques
in patients with chronic low back pain and reported improvements in all measured
parameters, particularly pain and functionality, in the spinal manipulation group
[19]. In another study comparing laser therapy with spinal manipulation in patients
with chronic non-specific low back pain, lower VAS and RMDQ scores were ob-
served in favor of the manipulation group after 1 year of follow-up [20]. Similarly,
Carrasco et al. compared spinal manipulation with a modified flexion-distraction
technique in patients with chronic low back pain and found reductions in VAS and
ODI scores in all groups [21]. Consistent with this literature, the SM group in our
study showed improvements in VAS, RMDQ, and ODI scores. Similar reductions in
pain and disability were also observed in the group receiving combined SM and
DNS.

In a study comparing conventional exercise with DNS exercises in obese women with
postpartum low back pain, DNS exercises produced greater improvements in pain
and related outcomes than conventional exercise [22]. Likewise, Hlaing et al. reported
that core stabilization exercises resulted in greater reductions in functional impair-
ment than strengthening exercises in individuals with subacute non-specific low back
pain [7]. In our study, the DNS group showed improvements in VAS, ODI, and
RMDAQ scores between baseline and the final assessment. Comparable improvements
were also observed in the combined SM+DNS group.

Schulz et al. evaluated the effectiveness of adding spinal manipulation or supervised
exercise to home exercise in patients with subacute or chronic low back pain and
found no clear superiority between groups in terms of pain at 1-year follow-up [23].
They also reported that the addition of spinal manipulation or supervised exercise
did not provide clear medium- or long-term benefit, although participants tended to
prefer these interventions over home exercise alone [23]. In our study, when percent-
age changes were compared between the SM and SM+DNS groups, the combined
intervention produced greater improvements in VAS, RMDQ, and ODI than SM
alone. These findings suggest that DNS may serve as a useful adjunct to spinal ma-
nipulation within multimodal treatment programs.

Similarly, Salik Sengiil et al. reported that stabilization exercises were more effective
than conventional exercises in reducing pain during activity and improving core sta-
bility and endurance in patients with chronic non-specific low back pain [24]. In our
study, when percentage changes were compared between the DNS and SM+DNS
groups, the combined intervention showed greater improvement in early pain reduc-
tion between the first and second assessments. Because the remaining parameters
showed broadly similar patterns, it may be inferred that combining spinal manipu-
lation with DNS could be advantageous when rapid pain reduction is a treatment
priority.

Overall, our findings are consistent with guideline-based care, in which exercise is
considered a core component of treatment for chronic low back pain and manual
therapy may provide additional short-term symptom relief when delivered along-
side exercise. Evidence syntheses similarly indicate that both exercise therapy and
manual therapy can improve pain and disability, although their effects are often
modest and influenced by context and duration of follow-up [37,38,39]. Accordingly,
the mechanisms of manual therapy are better interpreted within contemporary neu-
rophysiological and biopsychosocial frameworks rather than structural subluxation-
based models.

Some authors have proposed neurophysiological explanations linking spinal joint
dysfunction with altered sensorimotor control; however, these concepts remain de-
bated and should be interpreted cautiously [25]. It has been suggested that chiroprac-
tic HVLA manipulation may influence the function of deep paraspinal muscles by
altering abnormal sensory input [26]. Spinal manipulation has also been proposed to
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stimulate mechanoreceptors, thereby modifying afferent input and potentially in-
creasing motor neuron recruitment and muscle activation [27]. Several studies have
reported increases in muscle strength after spinal manipulation [26,28,29,30], and
Kendall et al. concluded in a systematic review that manual therapy may have short-
term effects on stability [31]. In our study, DNS-HS scores changed over time in the
SM group in favor of improved dynamic core-muscle adaptation, with the third as-
sessment differing favorably from the first and second assessments. These explana-
tions remain hypothetical in the context of our trial, because we did not directly meas-
ure neurophysiological variables. Therefore, the observed improvement in DNS-HS
performance in the SM group should be interpreted cautiously and may reflect neu-
rophysiological adaptation, motor learning, or other non-specific effects.

Haavik et al. suggested that altered afferent input from paraspinal tissues may con-
tribute to longer-term cortical reorganization and changes in top-down sensorimotor
control [26]. In our study, the absence of a clear difference between the first two DNS-
HS assessments in the SM group may indicate that 4 sessions over 2 weeks were in-
sufficient to produce measurable change in this outcome. Because the optimal fre-
quency and duration of manipulation remain uncertain in the literature, our findings
may suggest that a treatment period of at least 4 weeks could be more appropriate
for observing potential changes in dynamic core-muscle adaptation in patients re-
ceiving twice-weekly care. Nevertheless, this interpretation should be considered ex-
ploratory, and further studies with larger samples, more frequent assessments, and
longer follow-up are needed to clarify dose-response relationships for chiropractic
manual therapy.

Few studies have specifically evaluated the effects of DNS exercises on dynamic core-
muscle adaptation in individuals with chronic low back pain using the DNS-HS test.
However, a positive relationship between core stability and functional performance
is well recognized [32]. Mahdieh et al., for example, evaluated training effects using
the Y-Balance Test and Functional Movement Screening and reported that DNS ex-
ercises improved basic functional skills [18]. In the present study, we used the DNS-
HS test to assess lumbopelvic muscle adaptation in a more isolated manner. In the
DNS group, DNS-HS scores improved between the first and third assessments, sug-
gesting enhanced dynamic core adaptation over time.

Rapid gains following exercise interventions are often attributed, at least in part, to
neurological adaptations such as increased motor unit recruitment and changes in
neuromuscular control [33]. In our study, the improvement observed in DNS-HS per-
formance after DNS may likewise reflect enhanced neuromuscular activation of the
core musculature, although this mechanism was not directly measured. A similar fa-
vorable change between the first and last assessments was also observed in the com-
bined SM+DNS group.

In the SM group, no significant change was observed in sagittal postural deviations
across measurements. Postural patterns in chronic low back pain may reflect mala-
daptive or protective responses consistent with pain-adaptation models, in which in-
dividuals avoid painful positions and adopt compensatory postures. Although some
models have described segmental dysfunction using the term “vertebral subluxa-
tion,” this concept remains debated and should not be interpreted as a definitive
structural cause of chronic low back pain [34]. Haavik et al. suggested that spinal
joint dysfunction may be associated with broader sensorimotor alterations extending
beyond the local segment [26]. Therefore, rather than focusing exclusively on seg-
ment-specific alignment, we assessed overall posture in an attempt to capture the
global postural response in individuals with chronic low back pain.

It has been proposed that spinal manipulation may increase mechanoreceptive input
to the central nervous system and thereby influence motor control [26]. Future stud-
ies incorporating objective neurophysiological measures are needed to evaluate these
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proposed mechanisms directly. In our study, sagittal postural deviations in the SM
group showed only slight improvement, although this change reached statistical sig-
nificance. No significant difference was found in frontal-plane deviations, which may
be related to the absence of participants with marked scoliosis or substantial frontal-
plane postural asymmetry in the sample. Larger and longer-duration studies are
therefore needed to better determine the effects of spinal manipulation on posture.

Exercise-related effects are frequently discussed in relation to postural control, in-
cluding balance and static posture, and postural control has often been evaluated
through postural sway or oscillation amplitude. Many studies have reported that
core stabilization exercises are beneficial for postural control [35,36]. In our study,
DNS exercises were associated with improvement in the total sagittal posture param-
eter, although the observed changes in anterior and posterior postural variables were
small and not statistically significant. One possible explanation is that the sample did
not include participants with pronounced frontal-plane deviations. Another possible
interpretation is that DNS may have contributed to improved postural organization
through better diaphragm activation, improved intra-abdominal pressure regulation,
and more coordinated deep stabilizer co-activation. However, these mechanistic in-
terpretations remain speculative and were not directly tested in this study. In the
combined SM+DNS group, sagittal plane deviations decreased in a similar manner.

When percentage changes in sagittal posture measures were compared between
groups, the SM+DNS group showed more favorable changes than SM or DNS alone,
suggesting that DNS may be a useful adjunct for targeting postural outcomes in re-
habilitation. However, when we examined the relationships between postural
measures and VAS, DNS-HS, RMDQ), and ODI across groups and time points, these
associations were not consistent. This inconsistency may reflect the limited number
of participants with clinically meaningful postural deviations as well as the modest
sample size.

Several additional limitations should be considered when interpreting our findings.
Associations between postural measures and VAS, DNS-HS, RMDQ), and ODI were
not consistently observed, and this may partly relate to the modest sample size. The
small improvements observed in the Control group may reflect natural symptom
fluctuation, regression to the mean, or retest effects in a usual-activity wait-list de-
sign. In addition, baseline disability levels were relatively low, particularly on the
ODI, which may indicate a floor effect; given the heterogeneity of chronic non-spe-
cific low back pain, persistent pain may coexist with relatively preserved daily func-
tioning. One participant in the SM+DNS group had extreme obesity (BMI 53.7), which
may have influenced posture and exercise tolerance and may limit generalizability.
Finally, this was a single-center study conducted in a private physiotherapy clinic,
and participant or therapist blinding was not feasible because of the nature of the
interventions. Accordingly, the findings should be interpreted cautiously and con-
firmed in larger multicenter trials with blinded outcome assessment and longer fol-
low-up.

5. Conclusions

Spinal manipulation and DNS, when delivered as standalone interventions, were as-
sociated with improvements in several study outcomes. The combined SM+DNS in-
tervention appeared to offer parameter-specific benefits, most notably greater early
pain reduction, while DNS-based approaches yielded more consistent improvements
in disability, functional status, and core stabilization. Nevertheless, these findings
should be interpreted cautiously, and their clinical significance should be evaluated
with reference to established minimal clinically important differences (MCIDs),
where available. Larger trials with blinded outcome assessment and longer follow-
up are needed to confirm these results.
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