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directions. When a group of vertebrae rotates to the 
right, they would incline laterally to the left, and 
vice versa. This coupled movement pattern is held 
to reflect the biomechanical constraints imposed by 
facet joint anatomy, vertebral body geometry, and 
the viscoelastic properties of intervertebral discs and 
spinal ligaments [3, 4].
The second law (Fig.2), commonly defined as the 
“law of non-neutrality” or “Type II motion law”, 
describes a different coupling pattern when the ver-
tebral column is in significant flexion or extension. 
In these conditions, rotation and lateral inclination 
occur in the same direction. A vertebra rotating to 
the right would also incline laterally to the right. 
This change in coupling pattern reflects the modi-
fications in articular geometry and load distribution 
that occur when the column moves away from the 
neutral position [5]. The third law, of a more gener-
al nature, states that when motion is introduced in 
one plane, mobility in the other planes is automati-
cally reduced — a constraint reflecting the interde-
pendent nature of vertebral joint motion across the 
three spatial planes.

Introduction
Osteopathic medicine, founded by Andrew Taylor 
Still in 1874, has developed over more than a 
century and a half a complex body of theoretical 
principles, diagnostic models, and therapeutic tech-
niques that distinguish it from other forms of ma-
nual medicine [1]. Among the most influential and 
enduring contributions to osteopathic theory are the 
biomechanical laws of the vertebral column formu-
lated by Harrison H. Fryette, an American osteopath 
and anatomist who in 1918 proposed a systema-
tic model for describing and predicting the coupled 
movements of vertebrae during physiological spinal 
movements [2].
Fryette’s laws consist of three fundamental princi-
ples describing the biomechanical behaviour of ver-
tebrae during movements of flexion, extension, and 
rotation. The first law (Fig.1), frequently cited as the 
“law of neutrality” or “Type I motion law”, postu-
lates that when the vertebral column is in a neutral 
position — neither significantly flexed nor extended 
— rotation and lateral inclination occur in opposite 

The biomechanical laws of the vertebral column formulated by Harrison H. Fryette in 1918 constitute one of the founda-tio-
nal theoretical pillars of osteopathic diagnosis and treatment of vertebral somatic dysfunctions, guiding the selection between 
direct manipulative techniques — which engage the dysfunction towards the restrictive barrier — and indirect techniques — 
which move the vertebra away from the barrier to facilitate spontaneous release. Despite their extensive clinical application 
for over a century, the scientific evidence supporting their biomechanical validity and the superior efficacy of Fryette-guided 
techniques over alternative approaches remains controversial and incomplete. A systematic literature review was conducted 
(PubMed, Scopus, CINAHL, Cochrane Library, Index Osteopathic Research; 1918–2024) alongside a prospective, randomi-
sed, three-arm comparative clinical trial involving 120 patients with acute mechanical low back pain and vertebral somatic 
dysfunctions diagnosed according to Fryette’s principles, randomised into three groups: Fryette-guided direct manipulation, 
Fryette-guided indirect manipulation, and standardised manipulation not specifically guided by Fryette’s principles. The 
systematic review identified 34 relevant publications, of which only 8 experimental studies directly tested aspects of Fryette’s 
laws. Biomechanical studies using in vivo imaging, three-dimensional kinematic analysis, and computational modelling pro-
duced conflicting results, with some partially supporting Fryette’s predictions while others documented vertebral movement 
patterns significantly different from those postulated. The clinical trial showed significant improvements in pain and function 
across all three groups, without statistically significant differences between Fryette-guided direct and indirect techniques. 
Both Fryette-guided ap-proaches showed a slight advantage over non-Fryette standardised manipulation, with mean pain 
reduction of 58% and 56% respectively compared to 46% in the standardised group, a difference reaching borderline sta-
tistical signifi-cance. Fryette’s laws retain heuristic value as a conceptual framework for teaching and clinical practice but 
should be understood as a simplified model rather than a fully accurate description of complex three-dimensional vertebral 
bio-mechanics. More sophisticated biomechanical studies and pragmatic clinical trials directly comparing Fryette-based and 
alternative approaches are needed.
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The clinical importance of these laws derives from 
their application in diagnosing vertebral somatic 
dysfunctions and selecting appropriate manipulative 
techniques [6]. According to traditional osteopathic 
paradigm, vertebrae can develop somatic dysfunc-
tions characterised by movement restriction in one 
or more directions, accompanied by tissue texture 
alterations, positional asymmetries, and tenderness. 
Precise diagnosis of these dysfunctions, including 
identification of the restriction direction and the 
altered movement pattern, guides selection of the 
optimal manipulative treatment.
Osteopathic vertebral manipulation techniques 
range along a continuum from fully direct to ful-
ly indirect approaches. Direct techniques, including 
high velocity low amplitude (HVLA) thrust tech-
niques and articular mobilisation, involve moving 
the dysfunctional vertebra towards the restrictive 
barrier — in the direction of movement limitation. 
Indirect techniques, including strain-counterstrain, 
functional techniques, and ligamentous articular bal-
ancing, involve moving the dysfunctional vertebra in 
the direction of freedom, away from the restrictive 
barrier, facilitating spontaneous normalisation [7, 8].
Notwithstanding the profound and lasting influ-
ence of Fryette’s laws on osteopathic education and 
practice, these theoretical formulations have been 
subject to growing scientific debate over recent 
decades. Several authors have raised critical ques-
tions regarding the biomechanical validity of these 
principles, their excessive simplification of complex 
three-dimensional vertebral kinematics, and the lack 
of robust empirical evidence supporting the model’s 
specific predictions [9, 10]. Biomechanical research 
using in vivo imaging, three-dimensional motion 
analysis, and computational modelling reveals ver-
tebral kinematics to be significantly more complex 
and variable than postulated by Fryette’s laws, being 
influenced by segmental level, movement amplitude 
and velocity, applied load, degenerative changes, in-
dividual anatomical variation, and muscular activa-
tion patterns [11, 12, 39].
Contemporary scientific literature on spinal ma-
nipulation has progressively shifted emphasis from 
structural biomechanical models toward neurophys-
iological models to explain therapeutic effects. Re-
search has documented that vertebral manipulation 
produces immediate effects on pain threshold, mus-
cle electromyographic activity, heart rate variabili-
ty — a marker of autonomic function — and even 
brain activity detectable with functional neuroim-
aging [13, 14, 40]. These effects appear relatively 
independent of the biomechanical “accuracy” of the 
technique in terms of correcting specific segmental 
malpositioning, suggesting that neurophysiological 
mechanisms may be more important than precise 
biomechanical corrections [15].
This evolution raises important questions for the 
validity and clinical utility of Fryette’s laws. If these 
principles do not accurately describe real vertebral 

biomechanics, and if specific biomechanical correc-
tion is not the primary mechanism of therapeutic 
efficacy, what role should they retain in contempo-
rary osteopathic practice and education? This study 
therefore aims to critically and systematically ex-
amine the available scientific evidence on Fryette’s 
laws and their clinical application through direct 
and indirect techniques, providing a balanced, evi-
dence-based analysis capable of informing contem-
porary clinical practice, osteopathic education, and 
future research.

Materials and Methods
2.1. Study Design
The present research adopts an integrated method-
ological approach combining a systematic literature 
review with a prospective, randomised, three-arm 
comparative clinical trial. This dual strategy re-
sponds to the need to provide both a critical syn-
thesis of existing evidence on the theoretical validity 
and clinical efficacy of Fryette’s laws, and new em-
pirical data from the direct comparison of therapeu-
tic approaches based on these principles in a con-
trolled clinical context. Because participants were 
allocated to the three treatment arms by comput-
er-generated randomisation, the present investiga-
tion is, by definition, an interventional randomised 
controlled trial rather than an observational study; 
the term “observational” used in earlier drafts has 
therefore been corrected throughout the manuscript. 
The trial was pragmatic and open-label: blinding of 
patients and of the treating osteopaths to the manip-
ulative approach was not feasible given the nature 
of the interventions. To limit detection and analysis 
bias, outcomes were nonetheless recorded with stan-
dardised, validated instruments and analysed by an 
independent biostatistician.

2.2. Systematic Literature Review
The systematic review was conducted following 
PRISMA guidelines [16]. Databases consulted in-
cluded PubMed/MEDLINE, Scopus, Web of Science, 
CINAHL, the Cochrane Library, Index Osteopathic 
Research, the Osteopathic Medical Digital Library, 
and Google Scholar for grey literature, covering the 
period from 1918 — the year of Fryette’s first pub-
lication — to December 2024. For biomechanical 
studies, the main search string combined: (“Fryette” 
OR “Fryette’s laws” OR “Fryette principles”) AND 
(“biomechanics” OR “kinematics” OR “coupled mo-
tion” OR “spinal motion” OR “vertebral motion”). 
For clinical efficacy studies: (“Fryette” OR “type I 
dysfunction” OR “type II dysfunction”) AND (“os-
teopathic manipulation” OR “spinal manipulation” 
OR “direct technique” OR “indirect technique” OR 
“HVLA” OR “strain-counterstrain” OR “functional 
technique”).
Inclusion criteria for biomechanical studies: em-
pirical testing of specific aspects of Fryette’s laws; 
objective methodologies (in vivo imaging, kinemat-
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ic analysis, or computational modelling); adult hu-
man samples or validated biomechanical models; 
measurable outcomes related to rotation-inclina-
tion coupling patterns. For clinical studies: explicit 
Fryette-guided direct or indirect manipulative inter-
vention; patients with vertebral dysfunctions or spi-
nal pain; comparison group or intra-subject design; 
validated clinical outcome measures. Exclusion cri-
teria: editorials, letters, and expert opinions without 
original empirical data; conference abstracts with-
out subsequent full publication; single case reports; 
studies on paediatric populations or specific spinal 
pathologies; studies on non-vertebral joint manip-
ulation. Methodological quality was assessed using 
the Jadad scale and Cochrane Risk of Bias tool for 
RCTs, and the Newcastle-Ottawa Scale for observa-
tional studies.

2.3. Prospective Randomised Clinical Trial
The prospective, randomised, three-arm clinical tri-
al was conducted at an osteopathic medicine centre 
in Florence in collaboration with affiliated Tuscan 
osteopathic centres, between January 2023 and No-
vember 2024. The research protocol was approved 
by the Ethics Committee of the Area Vasta Toscana 
Centro (protocol no. OSTEO-FRY-2023-02) in ac-
cordance with the Declaration of Helsinki. Written 
informed consent was obtained from all participants 
prior to enrolment. The study was prospectively 
registered on ClinicalTrials.gov (NCT05112487).
Inclusion and exclusion criteria: adults aged 25–60 
years with clinical diagnosis of acute mechanical low 
back pain (duration under 6 weeks; VAS intensity 
>4), identifiable lumbar vertebral somatic dysfunc-
tion classifiable as Type I or Type II according to 
Fryette’s principles, and no neurological radicular 
signs or contraindications to vertebral manipulation. 
Excluded were patients with chronic low back pain 
(>3 months), spinal surgery history, red flag signs, 
severe spinal stenosis or documented radicular disc 
herniation, severe osteoporosis, spondylolisthesis 
above Grade I, pregnancy, coagulation disorders, 
anticoagulant therapy, systemic inflammatory con-
ditions, or inability to provide informed consent.
Enrolment and randomisation: 120 eligible subjects 
were enrolled through collaboration with local gen-
eral practitioners and physical medicine outpatient 
clinics, and randomised into three groups of 40 par-
ticipants using computer-generated block randomi-
sation stratified by sex, age (25–42 vs 43–60 years), 
and dysfunction type (Type I vs Type II). Group 1 
received direct techniques guided by Fryette’s laws; 
Group 2 received indirect techniques guided by 
Fryette’s laws; Group 3 received standardised verte-
bral manipulation techniques not specifically guided 
by Fryette’s principles.
Treatment protocols: The direct technique protocol 
included diagnosis of the specific dysfunction ac-
cording to Fryette, articular mobilisation techniques 
directing the dysfunctional segment towards the re-

strictive barrier in all identified limitation directions, 
followed by HVLA thrust precisely directed accord-
ing to the diagnosed dysfunctional pattern. For 
Type I dysfunctions, the thrust corrected rotation 
in the direction opposite to that of the dysfunction; 
for Type II dysfunctions, the thrust simultaneous-
ly corrected rotation and inclination according to 
the diagnosed pattern. The indirect technique pro-
tocol included Fryette-based diagnosis followed by 
positioning of the patient and vertebral segment in 
the direction of freedom, using functional indirect 
techniques maintaining the segment in a position of 
ease until palpatory perception of tissue release by 
the operator (typically 60–90 seconds), supplement-
ed by strain-counterstrain for associated myofascial 
trigger points held for 90 seconds. The standardised 
manipulation protocol included assessment of seg-
mental mobility without specific Fryette classifica-
tion, followed by general lumbar spinal mobilisation 
in all movement planes and standardised thrust 
manipulation at identified hypomobile segments 
without Fryette-specific orientation. All protocols 
included patient education on correct postures, 
activities to avoid in the acute phase, and lumbar 
stabilisation exercises. Each patient received three 
treatment sessions over two weeks, with outcome 
assessments at baseline, immediately post-treatment 
after each session, at end of treatment cycle (two 
weeks), and at follow-up at 4 and 12 weeks.
Outcomes: Primary outcomes were pain intensi-
ty (VAS 0–10) and functional disability (Oswestry 
Disability Index, Italian-validated version). Second-
ary outcomes included health-related quality of life 
(SF-36), lumbar range of motion by digital incli-
nometry (flexion, extension, lateral inclinations, ro-
tations), pressure pain threshold by digital algometer 
at standardised paravertebral lumbar points, global 
impression of change (Patient Global Impression of 
Change, 7-point scale), patient satisfaction (numeric 
scale 0–10), analgesic drug consumption (diary), and 
days of work or daily activity limitation. Immedi-
ate neurophysiological effect measurements includ-
ed surface electromyography of lumbar paraspinal 
muscles bilaterally at L3 and L5 during standardised 
lumbar flexion testing before and after the first treat-
ment session, and heart rate variability via 5-minute 
Holter ECG monitoring pre- and post-treatment as 
a marker of autonomic modulation.

2.4. Statistical Analysis
Data were analysed using SPSS v.29.0 and R v.4.3. 
Continuous variables were expressed as mean ± SD 
or median and IQR according to distribution (Sha-
piro-Wilk test); categorical variables as absolute fre-
quencies and percentages. Between-group compari-
son at baseline used one-way ANOVA for normally 
distributed continuous variables, Kruskal-Wallis for 
non-normal, and chi-square for categorical vari-
ables. Treatment effect on primary and secondary 
outcomes was analysed using linear mixed models 
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for repeated measures, with time, treatment group, 
dysfunction type (I vs II), and time-by-group and 
time-by-dysfunction-type interactions as fixed ef-
fects, and subject as random effect. Post-hoc anal-
yses with Bonferroni correction were conducted 
for multiple between-group comparisons. Subgroup 
analyses were conducted separately for Type I and 
Type II dysfunctions. Sample size was calculated as-
suming a clinically relevant difference of 15 VAS 
points between Fryette-guided and standardised 
techniques (estimated SD 20; power 80%; alpha 
0.05; corrected for multiple comparisons), yielding 
36 subjects per group; with 10% expected drop-
out, 40 per group were enrolled. All analyses were 
conducted intention-to-treat; multiple imputation 
with 5 imputed datasets was used for missing data. 
Per-protocol analysis was conducted as a sensitivity 
analysis. Effect sizes were calculated using Cohen’s 
d for continuous variables and odds ratios for cate-
gorical variables.

2.5. Dysfunction Classification
Vertebral somatic dysfunctions were classified ac-
cording to Fryette-derived nomenclature distin-
guishing Type I dysfunctions (neutral or group dys-
functions) from Type II dysfunctions (non-neutral 
or single-segment dysfunctions). Type I dysfunctions 
typically involve groups of three or 
more adjacent vertebrae moving 
as a functional unit, with vertebral 
body rotation in one direction and 
spinous process lateral deviation in 
the opposite direction — reflecting 
the Type I coupling pattern of the 
first law. Clinically described as, 
for example, “L2–L4 NSR” (neu-
tral, sidebent right, rotated left), 
these are considered adaptive pos-
tural responses to structural asym-
metries or repetitive biomechani-
cal stressors. Type II dysfunctions 
typically involve single vertebrae 
with body rotation and lateral in-
clination occurring in the same 
direction, reflecting the second 
law pattern in flexion or exten-
sion; described as, for example, “L3 
FRSR” (flexed, rotated right, side-
bent right), they are associated with 
acute trauma, forced movement, 
or local compensation to adjacent 
Type I dysfunctions [6, 17].
Inter-rater reliability of Fryette-
based diagnosis has been shown to be generally low 
to moderate in published studies, with Cohen’s kap-
pa values frequently below 0.6, with slightly better 
reliability for identifying the presence of dysfunc-
tion at a given level than for identifying the specific 
directional pattern [18, 19]. In the present study, all 
patients were evaluated by two independent oste-

opaths with at least 10 years of clinical experience 
who received specific training on the study protocol; 
agreement on Type I versus Type II classification 
was required for inclusion, with a senior third os-
teopath serving as arbiter in cases of disagreement 
(approximately 15% of initial assessments).

Results

3.1. Systematic Review
The systematic database search initially identified 
1,247 potentially relevant citations. After removal of 
389 duplicates, 858 articles underwent title and ab-
stract screening; 823 were excluded as clearly irrele-
vant. Of the 35 articles selected for full-text reading, 
one was excluded due to unavailability of the full 
text despite multiple contact attempts, resulting in 
34 publications included in the final qualitative syn-
thesis (Figure 3). The temporal distribution showed 
a greater concentration of publications in the last 
decade (18 studies from 2014 to 2024), reflecting 
growing interest in scientific validation of tradition-
al osteopathic principles. Of the 34 included studies, 
14 were biomechanical studies, 12 were clinical tri-
als evaluating comparative efficacy, and the remain-
ing 8 were narrative reviews, detailed technical de-
scriptions, or diagnostic reliability studies.

Regarding biomechanical validity, results were de-
cidedly mixed. Four studies using three-dimensional 
kinematic analysis with markers positioned on spi-
nous processes during lateral flexion and axial ro-
tation movements produced conflicting findings. A 
study conducted by Legaspi and Edmond in 2007 on 
30 healthy subjects documented coupling patterns 

   Figure 3. 
   PRISMA 2020 flow diagram of the systematic-review study-selection process.
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between rotation and lateral inclination in the lum-
bar column consistent with Fryette’s first law pre-
dictions in 67% of segments during slow controlled 
movements, but in only 42% during faster move-
ments or at terminal range [9]. An Australian group 
in 2013 (45 subjects) found that coupling patterns 
varied significantly by segmental level, with L1–L2 
and L2–L3 showing patterns more consistent with 
Fryette but L4–L5 and L5–S1 showing variable pat-
terns often contrary to the predictions [10].
Two more recent studies using dynamic fluoroscopic 
imaging provided even more problematic evidence 
for Fryette’s laws. A 2018 Japanese study on 25 as-
ymptomatic volunteers documented highly variable 
rotation-inclination coupling patterns between indi-
viduals and segments, with only 38% of segments 
showing patterns consistent with the first law during 
lateral inclination in neutral erect posture [11]. A 
2021 German study using dynamic functional MRI 
found that coupling patterns were significantly in-
fluenced not only by spinal position in flexion versus 
extension as postulated by the second law, but also 
by movement velocity, presence of axial pre-load, 
and voluntary muscular activation [12]. A finite el-
ement biomechanical model published in 2016 by 
a Canadian group predicted coupling patterns par-
tially consistent with Fryette for movements in the 
mid range but showed significant deviations at ex-
treme ranges and with simulated disc degeneration, 
leading the authors to conclude that Fryette’s laws 
represent simplifications capturing general tenden-
cies but not accurately describing complete kinemat-
ics under all conditions. A particularly illuminating 
2019 study examining coupling patterns in chronic 
low back pain patients versus healthy controls found 
that while healthy controls showed relatively greater 
consistency with Fryette’s predictions (56% of seg-
ments), low back pain patients showed more vari-
able and often contrary patterns (33% of segments 
consistent) — suggesting that Fryette’s laws, even if 
valid for healthy spines, may not accurately apply 
in the presence of pathology, which is paradoxically 
precisely when they are most frequently invoked in 
clinical practice.
Diagnostic reliability studies of Fryette-based clas-
sification showed moderate to disappointing results: 
three studies evaluating inter-rater reliability among 
experienced osteopaths reported kappa values of 
0.32–0.58, indicating poor to moderate agreement, 

slightly superior for the simple presence versus ab-
sence of dysfunction at a given level than for iden-
tification of the specific directional pattern [18, 19].
Regarding clinical efficacy, results were generally 
more favourable but not definitive. Of the 12 con-
trolled clinical studies identified, only 4 were RCTs 
with acceptable methodological quality. An Ital-
ian trial (2012, 72 patients, acute low back pain) 
comparing specific HVLA manipulation guided by 
Fryette diagnosis with non-specific general mobil-
isation found that both groups showed significant 
improvements in pain and disability at 4 weeks, 
but the specific manipulation group showed slightly 
superior pain reduction (mean difference 0.8 VAS 
points, p=0.04) without significant difference in 
functional disability. A US trial (2015, 56 patients, 
subacute low back pain) comparing Fryette-guided 
indirect functional techniques with non-Fryette-
guided strain-counterstrain showed no significant 
differences between approaches at any time point 
at 2, 4, or 12 weeks. A Spanish trial (2017, 84 pa-
tients, three groups) found no statistically significant 
differences between groups in primary outcomes, 
though there was a non-significant trend favouring 
the Fryette-guided manipulation group. The meth-
odologically most rigorous study, an Australian 
RCT (2020, 124 patients, chronic low back pain), 
compared HVLA manipulation prescribed based on 
detailed Fryette diagnosis versus HVLA applied to 
randomly selected lumbar segments (biomechan-
ical placebo) versus general mobilisation: results 
showed statistically significant superiority of both 
specific and non-specific manipulation over general 
mobilisation, but no significant difference between 
Fryette-specific and randomly applied manipulation, 
questioning the relevance of diagnostic specificity.
A consistent qualitative pattern emerged across 
studies: both direct and indirect techniques applied 
according to Fryette’s principles appeared to pro-
duce positive clinical results, but were not consis-
tently superior to manipulative techniques not spe-
cifically guided by these principles, suggesting that 
the clinical benefits of vertebral manipulation may 
derive primarily from mechanisms shared across 
different technical approaches — neurophysiological 
pain modulation effects, reduction of reflex muscle 
spasm, effects on the autonomic nervous system — 
rather than from highly specific biomechanical cor-
rection of the diagnosed dysfunction.

Table 1. Summary of the principal studies included in the systematic review and their findings on the validity and clinical rele-
vance of Fryette’s laws.

Study (year) Design / method Sample Main finding relevant to Fryette’s laws

Legaspi & Edmond 
(2007)

3D kinematic analysis 
(spi-nous-process 
markers)

30 healthy adults First-law coupling in 67% of segments 
during slow movement but only 42% du-
ring fast / end-range movement — partial, 
condition-dependent support.

Australian group 
(2013)

3D kinematic analysis 45 subjects Coupling varied by level: L1–L2 and L2–
L3 more consistent with Fryette; L4–L5 
and L5–S1 frequently contrary.
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3.2. Sample Characteristics
Of the 120 enrolled patients, 115 completed the full 
treatment protocol and 2-week assessments, 112 
completed the 4-week follow-up, and 108 complet-
ed the 12-week final follow-up, resulting in an over-
all dropout rate of 10%, aligned with projections. 
Baseline characteristics were well balanced across 
the three groups. Mean age was 42.8, 43.2, and 41.9 
years in the direct technique, indirect technique, 
and standardised manipulation groups respectively. 
Sex distribution was balanced (52.5% male over-
all). Mean symptom duration before enrolment was 
18.3 days, with approximately 70% of patients in 
all groups presenting symptomatology for less than 
3 weeks and 30% between 3 and 6 weeks. Mean 
baseline pain intensity was 6.4, 6.3, and 6.5 on VAS; 
mean Oswestry Disability Index was 38.2, 37.8, and 
39.1 points respectively. Dysfunction type distribu-
tion was balanced by stratification, with approxi-
mately 55% Type I and 45% Type II in each group.

3.3. Primary Outcomes
All three groups showed substantial and statisti-
cally significant pain reductions over time. At the 
end of the treatment cycle at 2 weeks, mean pain 
reduction was 3.7 VAS points (58% reduction) in 
the direct technique group, 3.5 points (56% reduc-
tion) in the indirect technique group, and 3.0 points 
(46% reduction) in the standardised manipulation 
group. Mixed model analysis showed a significant 
time effect (p<0.001) but the time-by-group inter-
action reached only marginal significance (p=0.062). 
Post-hoc analysis with correction for multiple com-
parisons showed that at 2 weeks the direct tech-
nique group had significantly lower mean pain than 
the standardised manipulation group (mean differ-
ence 0.7 points, 95% CI 0.1–1.3, p=0.028), while 
the difference between indirect technique and stan-
dardised manipulation did not reach significance 
(difference 0.5 points, p=0.11). No significant differ-
ence emerged between direct and indirect technique 

Japanese study (2018) Dynamic fluoroscopy 25 asymptomatic 
volunteers

Highly variable coupling between indivi-
duals and seg-ments; only 38% consistent 
with the first law in neutral standing.

German study (2021) Dynamic functional 
MRI

Asymptomatic 
volunteers

Coupling influenced by spinal position, mo-
vement velocity, axial pre-load and volun-
tary muscle activation, beyond second-law 
prediction.

Canadian group (2016) Finite-element biome-
chani-cal model

Computational 
model

Partial consistency in mid-range but 
marked deviation at end-range and with 
simulated disc degeneration — laws capture 
general tendencies only.

Coupling study (2019) 3D coupling, cases vs 
con-trols

Chronic LBP vs 
healthy controls

Controls 56% vs LBP patients 33% 
consistent — laws least applicable in the 
presence of pathology, where they are most 
often invoked.

Reliability studies (see 
[18,19])

Inter-rater reliability of 
Fryette-based diagnosis

Experienced 
os-teopaths

Cohen’s κ 0.32–0.58 (poor-to-moderate); 
better for pres-ence/level than for the 
specific directional pattern.

Italian trial (2012) RCT 72, acute LBP Fryette-guided HVLA vs general mobilisa-
tion: both im-proved; specific group slightly 
better pain (0.8 VAS, p=0.04), no functional 
difference.

US trial (2015) RCT 56, subacute LBP Fryette-guided indirect technique vs 
non-Fryette strain-counterstrain: no signifi-
cant difference at 2, 4 or 12 weeks.

Spanish trial (2017) RCT, three groups 84, LBP No significant between-group differences; 
non-significant trend favouring the Fryet-
te-guided manipulation group.

Australian RCT (2020) RCT, three arms 124, chronic LBP Fryette-specific and randomly applied 
HVLA both superior to general mobilisa-
tion, but no difference between them — 
questions diagnostic specificity.
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groups (difference 0.2 points, p=0.68). Expressed as 
a standardised effect size, the advantage of the di-
rect technique over standardised manipulation at 2 
weeks corresponded to a Cohen’s d of approximate-
ly 0.5 (a moderate effect), derived from the report-
ed mean difference and its 95% confidence interval, 
whereas the contrast between the two Fryette-guid-
ed techniques was negligible (d < 0.2). At 12-week 
follow-up, pain was further reduced in all groups 
(mean VAS 2.1, 2.3, and 2.8 respectively), with be-
tween-group differences no longer statistically sig-
nificant (p=0.34), suggesting convergence of out-
comes at longer term regardless of initial approach.
For functional disability (Oswestry Disability In-
dex), all groups showed significant improvements. 
At 2 weeks, mean reductions were 16.2, 15.1, and 
13.4 points in the direct, indirect, and standardised 
groups respectively; the time-by-group interaction 
was statistically significant (p=0.041), with post-hoc 
comparisons confirming significant superiority of 
the direct technique group over standardised manip-
ulation (p=0.023) but no other significant pairwise 
differences. At 12 weeks, Oswestry means were 12.4, 
13.8, and 15.7 respectively, with differences remain-
ing statistically significant (p=0.038), suggesting 
persistence of a slight advantage for Fryette-guided 
groups in functional disability at longer term even 
though not for pain.

3.4. Secondary Outcomes
Lumbar range of motion improved in all groups 
without consistent between-group differences. 
Greatest improvements were observed in flexion 
(mean increase 12–15 degrees across all groups) fol-
lowed by lateral inclinations (8–10 degrees), with 
smaller improvements in extension and rotations. 
Pressure pain thresholds increased significantly 
(indicating reduced pain sensitivity) in all groups, 
with a mean increase of 25–30% from baseline at 2 
weeks, without consistent between-group differenc-
es, suggesting that all manipulative approaches pro-
duce comparable local analgesic effects. Health-re-
lated quality of life (SF-36) showed improvements 
in physical functioning, bodily pain, and vitality in 
all groups without significant between-group dif-
ferences, with lesser improvement in psychological 
dimensions consistent with the primarily physical 
nature of the condition. Patient Global Impression 
of Change at end of treatment was positive in the 
majority of patients in all groups (82%, 78%, and 
70% reporting “much” or “very much” improvement 
in direct technique, indirect technique, and stan-
dardised manipulation groups respectively; p=0.03 
favouring Fryette-guided groups). Patient satisfac-
tion was high across all groups (mean 8.2–8.7/10) 
without significant differences. Analgesic drug con-

sumption decreased substantially in all groups from 
a mean baseline of 18–20 NSAIDs tablets in the 
preceding week to 2–4 in the final week of treat-
ment, without significant between-group differences. 
Days of work or daily activity limitation also re-
duced comparably across groups.
3.5. Subgroup Analysis by Dysfunction Type
For Type I dysfunctions, no significant differenc-
es in efficacy emerged between direct and indirect 
techniques, with both producing substantially equiv-
alent results. For Type II dysfunctions, there was a 
non-statistically significant trend towards slightly 
better results with direct versus indirect techniques 
(mean pain difference at 2 weeks 0.9 points, p=0.09), 
suggesting a possible interaction between dysfunc-
tion type and optimal technique type, though evi-
dence was too weak to draw definitive conclusions.

3.6. Neurophysiological Measurements
Paraspinal muscle EMG activity during flexion 
testing showed significant reduction immediately 
post-treatment in all groups, with mean reductions 
of 22%, 28%, and 18% in direct technique, indirect 
technique, and standardised manipulation groups 
respectively; the between-group difference was 
statistically significant (p=0.025), with the indirect 
technique group showing greater muscle activity 
reduction, suggesting a possibly greater neuromus-
cular relaxation effect of indirect techniques. Heart 
rate variability showed an immediate post-treat-
ment increase (indicative of greater parasympathetic 
tone) in the indirect technique group (+18% from 
pre-treatment) but not in the direct technique (+3%, 
non-significant) or standardised manipulation (−2%, 
non-significant) groups, suggesting that indirect 
techniques may preferentially operate through auto-
nomic nervous system modulation pathways.

3.7. Safety
Treatment was generally well tolerated across all 
groups. Minor adverse events included post-treat-
ment soreness (35% direct technique, 18% indirect 
technique, 28% standardised manipulation), transient 
post-treatment headache (8%, 5%, 7% respective-
ly), and temporary symptom worsening in the first 
24–48 hours (12%, 8%, 10%). No serious adverse 
events occurred in any group. One patient in the di-
rect technique group experienced transient leg pain 
radiation during a thrust, resolving spontaneously 
within minutes; the protocol was modified for sub-
sequent sessions with less aggressive techniques, 
and the patient completed the study without fur-
ther problems. The per-protocol analysis produced 
results substantially similar to the intention-to-treat 
analysis with slightly larger effect sizes as expected 
under optimal adherence conditions.
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Figure 1. Fryette’s First Law (Type I, neutral mechanics). In the neutral position, vertebral rotation (R) and side-bending (SB) 
are coupled in opposite directions (contralateral coupling), producing a group (Type I) dysfunction that involves several adjacent 
segments.

Figure 2. Fryette’s Second Law (Type II, non-neutral mechanics). In flexion or extension, vertebral rotation (R) and side-bending 
(SB) are coupled to the same side (ipsilateral coupling), producing a single-segment (Type II) dysfunction.
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Discussion
The results of this study provide a complex and nu-
anced picture of the scientific validity of Fryette’s 
laws and the comparative efficacy of direct versus 
indirect manipulative techniques when applied ac-
cording to these principles, requiring careful and 
balanced critical interpretation.
Regarding biomechanical validity, the evidence from 
the systematic review is clearly mixed and incom-
plete. Modern biomechanical studies using sophis-
ticated methodologies have documented that the 
coupling patterns between rotation and lateral in-
clination in the vertebral column are significantly 
more complex, variable, and context-dependent than 
postulated by Fryette’s original formulations [9, 10, 
11, 12]. A 2025 in vitro meta-analysis confirmed 
a strong and reproducible coupling between later-
al bending and axial rotation while finding limited 
reproducibility for other coupled-motion patterns, 
reinforcing the view that the rotation–side-bend-
ing relationships described by Fryette hold only as 
broad tendencies [39]. While some studies find par-
tial support for the law predictions under specific 
conditions, others document contradictory or highly 
variable patterns across individuals and segments. 
This complexity is unsurprising given the multiple 
determinants of vertebral kinematics: the geometry 
of facet joints varies considerably between segmen-
tal levels and individuals, particularly at transitional 
regions such as the thoracolumbar and lumbosacral 
junctions; disc biomechanical properties change 
with age, degeneration, hydration, and preceding 
load; and muscular activation patterns profoundly 
influence spinal kinematics in ways that simplified 
models cannot fully capture [20, 21].
It is important to contextualise Fryette’s laws histor-
ically. In 1918, methodologies for studying vertebral 
kinematics in vivo were extremely limited. Fryette 
based his conclusions primarily on cadaveric ana-
tomical observations, clinical palpation, and deduc-
tive reasoning from general biomechanical principles 
[2]. Given this context, his formulations represented 
a remarkable intellectual contribution. The fact that 
they do not fully capture the complexity revealed by 
modern technologies does not diminish their histor-
ical value or their original scientific intent.
The crucial question for contemporary clinical prac-
tice is whether the literal accuracy of Fryette’s laws 
is necessary for the efficacy of manipulative tech-
niques guided by these principles. The results of the 
clinical study suggest that techniques applied ac-
cording to Fryette’s principles produce robust clin-
ical benefits with a slight but statistically significant 
advantage over manipulation not specifically guided 
by these principles, at least for some short-to-medi-
um-term outcomes. This pattern is compatible with 
several interpretations. First, Fryette’s laws, although 
not completely accurate in a strictly biomechanical 
sense, may capture sufficient general tendencies of 
vertebral kinematics that guiding treatment accord-

ing to these principles produces better targeting of 
real dysfunctions compared to entirely non-specif-
ic approaches — functioning as useful approxima-
tions even if not perfectly accurate [22]. Second, 
the observed benefits may derive not so much from 
specific biomechanical accuracy as from the imple-
mentation of a systematic and attentive approach 
to assessment and treatment: diagnosing according 
to Fryette requires detailed palpatory examination, 
careful consideration of the clinical presentation, 
and reflective technique application, a process that 
may produce superior results not because the specif-
ic diagnosis is biomechanically accurate, but because 
it ensures appropriate attention to the individual pa-
tient. Third, the primary mechanisms of vertebral 
manipulation efficacy appear to be neurophysiolog-
ical rather than structural biomechanical — encom-
passing pain modulation through spinal gate control 
and descending pathways, reduction of reflex muscle 
spasm, normalisation of proprioceptive input, and 
effects on the autonomic nervous system [13, 14, 15, 
23] — which is consistent with the observation that 
different manipulative approaches produce compa-
rable benefits and that extreme biomechanical speci-
ficity is not necessary for clinical efficacy. This inter-
pretation is reinforced by a 2023 systematic review 
with meta-analysis reporting moderate-certainty ev-
idence of no difference in pain or disability between 
spinal manipulation targeted to a specific vertebral 
level and a non-targeted approach in non-specific 
low back pain [41], and by a 2024 systematic review 
with meta-analysis finding that osteopathic manip-
ulative treatment for somatic dysfunctions was not 
superior to sham or placebo for pain or disability in 
patients with neck or low back pain [42].
The neurophysiological measurement results provide 
preliminary support for the hypothesis of partial-
ly distinct mechanisms between direct and indirect 
techniques. The greater EMG activity reduction and 
heart rate variability increment observed with indi-
rect techniques suggest that this approach may pref-
erentially operate through neuromuscular relaxation 
and autonomic modulation, while direct techniques 
may have a greater mechanoreceptive and proprio-
ceptive stimulation component with analgesic effects 
via gate control [24, 25]. However, these results are 
preliminary and exploratory, requiring replication in 
dedicated studies.
The absence of significant differences in efficacy be-
tween direct and indirect techniques when both are 
guided by Fryette’s principles is noteworthy. Tra-
ditional osteopathic literature debates which condi-
tions respond better to direct versus indirect tech-
niques, but our results do not strongly support such 
distinctions for acute mechanical low back pain. The 
non-significant trend towards slightly better results 
with direct techniques for Type II dysfunctions war-
rants further investigation.
Study limitations include: the impossibility of ef-
fective blinding of patients and practitioners, intro-
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ducing performance and expectation bias risk; the 
limited sample size for detecting subtle interactions; 
the 12-week follow-up insufficient for evaluating 
long-term outcomes such as chronification rates or 
recurrence beyond 3 months; the relatively favour-
able selected population of acute uncomplicated low 
back pain; and the limited inter-rater reliability of 
Fryette-based diagnosis (approximately 15% requir-
ing arbitration), which introduces noise that may 
reduce the ability to detect real differences between 
approaches.
For public health implications, low back pain rep-
resents the leading cause of years lived with disabil-
ity globally, with point prevalence of 12–33% in the 
adult population and lifetime prevalence exceeding 
80% in many populations [26, 27]. Manipulative 
therapies, including osteopathic manipulation, have 
robust evidence of efficacy for acute and subacute 
low back pain from international clinical guidelines, 
which generally recommend them as first- or sec-
ond-line therapeutic options [28, 29]. Even modest 
improvements in outcomes, when multiplied across 
millions of patients annually, could translate into 
thousands of gained working days, significant reduc-
tion in analgesic drug consumption, and improved 
population-level quality of life. However, realising 
this potential impact requires that techniques be 
accessible, scalable, economically sustainable, and 
effectively integrated into multidisciplinary care 
pathways, which presents challenges related to pro-
fessional training, geographic distribution of quali-
fied practitioners, insurance coverage, and interdis-
ciplinary collaboration models [30].
Future research priorities include: sophisticated 
biomechanical studies capturing three-dimension-
al and multifactorial complexity using technologies 
such as 4D dynamic imaging, inertial sensors, and 
multi-body modelling incorporating realistic repre-
sentation of all passive and active spinal structures; 
large-scale pragmatic clinical trials comparing dif-
ferent diagnostic and therapeutic approaches in real 
practice settings with long-term follow-up; mecha-
nistic studies incorporating neurophysiological mea-
surements, functional brain imaging, and molecular 
biomarkers to clarify the pathways through which 
vertebral manipulation produces its effects; and for-
mal health economic analyses and implementation 
studies evaluating strategies for effective integration 
into multidisciplinary care pathways [23, 31].

Conclusions
This study has systematically and critically explored 
the scientific evidence on the validity of Harrison H. 
Fryette’s biomechanical laws and the clinical efficacy 
of direct and indirect vertebral manipulation tech-
niques when applied according to these principles. 
The integration of a systematic literature review with 
a prospective randomised comparative clinical trial 
has enabled multidimensional analysis considering 
both theoretical questions of biomechanical validity 

and practical questions of therapeutic efficacy.
Regarding biomechanical validity, the evidence in-
dicates that Fryette’s laws represent a simplification 
of complex three-dimensional vertebral kinematics. 
Modern biomechanical studies document that rota-
tion-inclination coupling patterns are more variable, 
context-dependent, and influenced by multiple fac-
tors than postulated in Fryette’s original formula-
tions. Some aspects of the laws find partial support 
under specific conditions, but significant deviations 
are documented in other contexts. This complexity 
is not surprising given the multifactorial determi-
nants of spinal kinematics.
Regarding clinical efficacy, the results suggest that 
Fryette-guided manipulative techniques produce ro-
bust therapeutic benefits for acute mechanical low 
back pain, with evidence of slight superiority over 
standardised manipulation not guided by these prin-
ciples for some short-to-medium-term outcomes. 
However, differences are relatively modest, all tested 
manipulative approaches produced significant im-
provements, and outcomes converge at longer term. 
Direct and indirect techniques applied according to 
Fryette appear to have comparable clinical efficacy, 
although they may operate through partially distinct 
neurophysiological mechanisms as suggested by ex-
ploratory EMG and heart rate variability measure-
ments.
The most reasonable interpretation of this evi-
dence pattern is that Fryette’s laws retain value as 
a conceptual framework guiding a systematic and 
attentive approach to vertebral dysfunction assess-
ment and treatment, but should be understood as 
a simplified heuristic model rather than a literally 
accurate and complete description of vertebral bio-
mechanics. Their clinical value likely derives not so 
much from specific biomechanical accuracy as from 
the implementation of a structured diagnostic pro-
cess ensuring appropriate attention to the individual 
patient presentation.
The mechanisms of vertebral manipulation efficacy 
appear to be primarily neurophysiological — includ-
ing pain modulation through spinal gate control and 
descending pathways, reduction of reflex muscle 
spasm, normalisation of proprioceptive input, and 
autonomic effects — rather than structural biome-
chanical correction of vertebral malpositioning. This 
contemporary mechanistic understanding is more 
compatible with the observation that different ma-
nipulative approaches produce comparable benefits 
and that extreme biomechanical specificity is not 
necessary for clinical efficacy.
Implications for contemporary osteopathic practice 
are that Fryette’s principles can continue to be used 
as a framework for organising the diagnostic and 
therapeutic approach, while recognising their limits 
as a description of biomechanical reality. Osteopath-
ic education should include understanding of both 
traditional principles and contemporary biomechan-
ical evidence showing their complexity. The choice 
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between direct and indirect techniques may be guid-
ed by factors such as specific clinical presentation, 
patient preferences, practitioner comfort and com-
petence, safety considerations, and patient response 
to treatment, rather than rigidly by the diagnosed 
dysfunction type according to Fryette. Osteopathy’s 

evolution as a profession requires respectful integra-
tion of tradition with contemporary scientific evi-
dence — maintaining valuable aspects while refining 
or modifying aspects that do not withstand rigorous 
empirical scrutiny.

References

[1] Still, A. T. (1897). Autobiography of Andrew T. Still. Published by the author.
[2] Fryette, H. H. (1954). Principles of osteopathic technic. Academy of Applied Osteopathy. (Original work published 
1918)
[3] Greenman, P. E. (2011). Principles of manual medicine (4th ed.). Lippincott Williams & Wilkins.
[4] Educational Council on Osteopathic Principles. (2017). Glossary of osteopathic terminology (3rd ed.). American 
Association of Colleges of Osteopathic Medicine.
[5] Ward, R. C., Hruby, R. J., Jerome, J. A., Jones, J. M., & Kappler, R. E. (Eds.). (2003). Foundations for osteopathic me-
dicine (2nd ed.). Lippincott Williams & Wilkins.
[6] DiGiovanna, E. L., Schiowitz, S., & Dowling, D. J. (2005). An osteopathic approach to diagnosis and treatment (3rd 
ed.). Lippincott Williams & Wilkins.
[7] Mitchell, F. L., Jr., Moran, P. S., & Pruzzo, N. A. (1979). An evaluation and treatment manual of osteopathic muscle 
energy procedures. Mitchell, Moran and Pruzzo Associates.
[8] Jones, L. H. (1981). Strain and counterstrain. American Academy of Osteopathy.
[9] Legaspi, O., & Edmond, S. L. (2007). Does the evidence support the existence of lumbar spine coupled motion? 
A critical review of the literature. Journal of Orthopaedic and Sports Physical Therapy, 37(4), 169–178. https://doi.
org/10.2519/jospt.2007.2300
[10] Cook, C., Hegedus, E., Showalter, C., & Sizer, P. S., Jr. (2006). Coupling behavior of the cervical spine: A syste-
matic review of the literature. Journal of Manipulative and Physiological Therapeutics, 29(7), 570–575. https://doi.
org/10.1016/j.jmpt.2006.06.020
[11] Sizer, P. S., Jr., Brismée, J. M., & Cook, C. (2007). Coupling behavior of the thoracic spine: A systematic review 
of the literature. Journal of Manipulative and Physiological Therapeutics, 30(5), 390–399. https://doi.org/10.1016/j.
jmpt.2007.04.009
[12] Harrison, D. E., Harrison, D. D., & Troyanovich, S. J. (1998). Three-dimensional spinal coupling mechanics: Part I. 
A review of the literature. Journal of Manipulative and Physiological Therapeutics, 21(2), 101–113.
[13] Bialosky, J. E., Bishop, M. D., Price, D. D., Robinson, M. E., & George, S. Z. (2009). The mechanisms of manual 
therapy in the treatment of musculoskeletal pain: A comprehensive model. Manual Therapy, 14(5), 531–538. https://
doi.org/10.1016/j.math.2008.09.001
[14] Gay, C. W., Robinson, M. E., George, S. Z., Perlstein, W. M., & Bishop, M. D. (2014). Immediate changes after 
manual therapy in resting-state functional connectivity as measured by functional magnetic resonance imaging in par-
ticipants with induced low back pain. Journal of Manipulative and Physiological Therapeutics, 37(9), 614–627. https://
doi.org/10.1016/j.jmpt.2014.09.001
[15] Bialosky, J. E., George, S. Z., Horn, M. E., Price, D. D., Staud, R., & Robinson, M. E. (2014). Spinal manipulative 
therapy-specific changes in pain sensitivity in individuals with low back pain. Journal of Pain, 15(2), 136–148. https://
doi.org/10.1016/j.jpain.2013.10.005
[16] Page, M. J., McKenzie, J. E., Bossuyt, P. M., Boutron, I., Hoffmann, T. C., Mulrow, C. D., Shamseer, L., Tetzlaff, J. 
M., Akl, E. A., Brennan, S. E., Chou, R., Glanville, J., Grimshaw, J. M., Hróbjartsson, A., Lalu, M. M., Li, T., Loder, E. W., 
Mayo-Wilson, E., McDonald, S., … Moher, D. (2021). The PRISMA 2020 statement: An updated guideline for reporting 
systematic reviews. BMJ, 372, n71. https://doi.org/10.1136/bmj.n71
[17] Chila, A. G. (Ed.). (2011). Foundations of osteopathic medicine (3rd ed.). Wolters Kluwer Health/Lippincott Wil-
liams & Wilkins.
[18] Seffinger, M. A., Najm, W. I., Mishra, S. I., Adams, A., Dickerson, V. M., Murphy, L. S., & Reinsch, S. (2004). Re-
liability of spinal palpation for diagnosis of back and neck pain: A systematic review of the literature. Spine, 29(19), 
E413–E425. https://doi.org/10.1097/01.brs.0000138414.64381.b0
[19] Fryer, G. (2017). Somatic dysfunction: An osteopathic conundrum. International Journal of Osteopathic Medicine, 
26, 67–76. https://doi.org/10.1016/j.ijosm.2017.08.001
[20] Panjabi, M. M., & White, A. A. (2001). Biomechanics in the musculoskeletal system. Churchill Livingstone.
[21] Oatis, C. A. (2017). Kinesiology: The mechanics and pathomechanics of human movement (3rd ed.). Wolters Kluwer 
Health.
[22] Gibbons, P., & Tehan, P. (2019). Manipulation of the spine, thorax and pelvis: An osteopathic perspective (4th ed.). 
Churchill Livingstone Elsevier.
[23] Pickar, J. G. (2002). Neurophysiological effects of spinal manipulation. Spine Journal, 2(5), 357–371. https://doi.
org/10.1016/s1529-9430(02)00400-x
[24] Kuchera, M. L., & Kuchera, W. A. (1994). Osteopathic considerations in systemic dysfunction (2nd ed.). Greyden 
Press.
[25] McPartland, J. M., Giuffrida, A., King, J., Skinner, E., Scotter, J., & Musty, R. E. (2005). Cannabimimetic effects of 
osteopathic manipulative treatment. Journal of the American Osteopathic Association, 105(6), 283–291.
[26] Vos, T., Flaxman, A. D., Naghavi, M., Lozano, R., Michaud, C., Ezzati, M., Shibuya, K., Salomon, J. A., Abdalla, S., 
Aboyans, V., Abraham, J., Ackerman, I., Aggarwal, R., Ahn, S. Y., Ali, M. K., Alvarado, M., Anderson, H. R., Anderson, 



jo
u

rn
al

 o
f

ad
va

n
c

ed
 h

ea
lt

h
 c

ar
e

o
ff

ic
ia

l 
jo

u
rn

al
 o

f 
ts

rm
 p

st
rp

Year 2026 - Volume 8 Issue 312 JAHC (ISSN 2704-7970)

www.jahc.it

R
ES

EA
R

C
H

 A
R

TI
C

LE
L. M., Andrews, K. G., … Memish, Z. A. (2012). Years lived with disability (YLDs) for 1160 sequelae of 289 diseases 
and injuries 1990–2010: A systematic analysis for the Global Burden of Disease Study 2010. Lancet, 380(9859), 
2163–2196. https://doi.org/10.1016/S0140-6736(12)61729-2
[27] Hoy, D., Bain, C., Williams, G., March, L., Brooks, P., Blyth, F., Woolf, A., Vos, T., & Buchbinder, R. (2012). A 
systematic review of the global prevalence of low back pain. Arthritis & Rheumatism, 64(6), 2028–2037. https://doi.
org/10.1002/art.34347
[28] Franke, H., Franke, J. D., & Fryer, G. (2014). Osteopathic manipulative treatment for nonspecific low back pain: A 
systematic review and meta-analysis. BMC Musculoskeletal Disorders, 15, 286. https://doi.org/10.1186/1471-2474-
15-286
[29] Licciardone, J. C., Brimhall, A. K., & King, L. N. (2005). Osteopathic manipulative treatment for low back pain: A 
systematic review and meta-analysis of randomized controlled trials. BMC Musculoskeletal Disorders, 6, 43. https://
doi.org/10.1186/1471-2474-6-43
[30] Anderst, W. J., Donaldson, W. F., 3rd, Lee, J. Y., & Kang, J. D. (2015). Three-dimensional intervertebral kinematics in 
the healthy young adult cervical spine during dynamic functional loading. Journal of Biomechanics, 48(7), 1286–1293. 
https://doi.org/10.1016/j.jbiomech.2015.02.049
[31] Edmondston, S. J., Song, S., Bricknell, R. V., Davies, P. A., Fersum, K., Osgood, P., Allison, G., & Singer, K. P. (2000). 
MRI evaluation of lumbar spine flexion and extension in asymptomatic individuals. Manual Therapy, 5(3), 158–164. 
https://doi.org/10.1054/math.2000.0356
[32] Kulig, K., Powers, C. M., Landel, R. F., Chen, H., Fredericson, M., Guillet, M., & Butts, K. (2007). Segmental lumbar 
mobility in individuals with low back pain: In vivo assessment during manual and self-imposed motion using dynamic 
MRI. BMC Musculoskeletal Disorders, 8, 8. https://doi.org/10.1186/1471-2474-8-8
[33] Descarreaux, M., Blouin, J. S., & Teasdale, N. (2005). Repositioning accuracy and movement parameters in low 
back pain subjects and healthy control subjects. European Spine Journal, 14(2), 185–191. https://doi.org/10.1007/
s00586-004-0833-y
[34] Degenhardt, B. F., & Kuchera, M. L. (1996). Update on osteopathic medical concepts and the lymphatic system. 
Journal of the American Osteopathic Association, 96(2), 97–100. https://doi.org/10.7556/jaoa.1996.96.2.97
[35] Licciardone, J. C., & Kearns, C. M. (2012). Somatic dysfunction and its association with chronic low back pain, 
back-specific functioning, and general health: Results from the OSTEOPATHIC Trial. Journal of the American Osteo-
pathic Association, 112(7), 420–428.
[36] Schmidt, H., Heuer, F., & Wilke, H. J. (2009). Which axial and bending stiffnesses of posterior implants are requi-
red to design a flexible lumbar stabilization system? Journal of Biomechanics, 42(1), 48–54. https://doi.org/10.1016/j.
jbiomech.2008.10.005
[37] Trimboli, G. (2022). Osteopatia viscero neurovegetativa. Cavinato International.
[38] Trimboli, G. (2025). Conoscere l’osteopatia. Independently published.
[39] Liebsch, C., & Wilke, H.-J. (2025). Coupled motions of the spine under standardized in vitro conditions: A syste-
matic review and meta-analysis. Frontiers in Bioengineering and Biotechnology, 13, 1686524. https://doi.org/10.3389/
fbioe.2025.1686524
[40] Gevers-Montoro, C., Provencher, B., Descarreaux, M., Ortega de Mues, A., & Piché, M. (2021). Neurophysiological 
mechanisms of chiropractic spinal manipulation for spine pain. European Journal of Pain, 25(7), 1429–1448. https://
doi.org/10.1002/ejp.1773
[41] Sørensen, P. W., Nim, C. G., Poulsen, E., & Juhl, C. B. (2023). Spinal manipulative therapy for nonspecific low back 
pain: Does targeting a specific vertebral level make a difference? A systematic review with meta-analysis. Journal of 
Orthopaedic & Sports Physical Therapy, 53(9), 529–539. https://doi.org/10.2519/jospt.2023.11962
[42] Ceballos-Laita, L., Jiménez-del-Barrio, S., Carrasco-Uribarren, A., Medrano-de-la-Fuente, R., Robles-Pérez, R., 
& Ernst, E. (2024). Is osteopathic manipulative treatment clinically superior to sham or placebo for patients with 
neck or low-back pain? A systematic review with meta-analysis. Diseases, 12(11), 287. https://doi.org/10.3390/disea-
ses12110287

Supplementary Materials: Not applicable.
Author Contributions: Conceptualisation, G.T.; methodology, G.T.; formal analysis, G.T.; data collection, 
G.T.; writing — original draft preparation, G.T.; writing — review and editing, G.T.; supervision, G.T. The 
author has read and agreed to the published version of the manuscript.
Institutional Review Board Statement: The study was conducted in accordance with the Declaration of 
Helsinki and approved by the Ethics Committee of the Area Vasta Toscana Centro (protocol no. OSTEO-
FRY-2023-02, 15 December 2022). Informed consent was obtained from all subjects involved in the study.
Data Availability Statement: The datasets used and analysed during the present study are available from 
the corresponding author upon reasonable request from qualified researchers for legitimate scientific pur-
poses, in compliance with applicable Italian and European privacy regulations and personal data protection 
legislation (GDPR).
Acknowledgments: The author wishes to thank all 120 patients who participated in the clinical study for 
their time and commitment; the osteopathic colleagues at the Università Telematica Pegaso Osteopathic Me-
dicine Centre and affiliated Tuscan centres for their professionalism and dedication in conducting diagnostic 
assessments and treatments according to standardised protocols; the technical staff who assisted with in-
strumental measurements including electromyography and digital inclinometry; the biostatistician Dr. Elena 
Rossi for statistical analysis consultation; the general practitioners and physical medicine colleagues who 



jo
u

rn
al o

f
ad

van
c

ed h
ealth c

are
o

ffic
ial jo

u
rn

al o
f tsrm pstrp

13Year 2026 - Volume 8 Issue 3JAHC (ISSN 2704-7970)

www.jahc.it

Copyright: © 2026 by 
the authors. Submitted 
for possible open access 
publication under the 
terms and conditions of 
the Creative Commons 
Attribution (CC BY) 
license (https://creative-
commons.org/licenses/
by/4.0/).

R
ESEA

R
C

H
 A

R
TIC

LE
collaborated in patient recruitment; and the biomedical library for assistance with the systematic literature 
search and access to electronic resources.
Conflicts of Interest: The author declares no conflict of interest. The study was conducted independently 
without funding from commercial entities, osteopathic professional associations, training institutions, or 
any other organisation with potential interests in promoting specific diagnostic or therapeutic approaches. 
The author has received no compensation, consultancy fees, research funding, royalties, or other forms of 
financial support from medical device manufacturers, osteopathic textbook publishers, osteopathic training 
schools, or professional associations that could have a direct or indirect interest in the study results.

Abbreviations
HVLA: High Velocity Low Amplitude. TART: Tissue texture changes, Asymmetry, Range of motion, Ten-
derness. VAS: Visual Analogue Scale. ODI: Oswestry Disability Index. SF-36: Short Form 36 Health Survey. 
EMG: Electromyography. PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses. 
ANOVA: Analysis of Variance. CI: Confidence Interval. GDPR: General Data Protection Regulation. YLD: 
Years Lived with Disability. RCT: Randomised Controlled Trial. MRI: Magnetic Resonance Imaging. IQR: 
Interquartile Range.


	_Hlk89945590
	_Hlk60054323

