
	

Introduction	

Chiropractic care often involves introducing forces into the spine to alter 
the spinal position or dynamics of a particular area. Some clinicians refer 

to these forces as manipulations, while others use the term adjustment, and 
some use the terms interchangeably.	
	 It might seem obvious that performing adjustments or manipulations, 
which we will at times refer to as SMT (spinal manipulative therapy), to the 
spine as a treatment in caring for spinal disorders requires certain directions 
of forces and sites of application of such forces.	
	 However, some have put forth that for spinal related pain in humans, there is 
little to no evidence that it matters where said forces are applied even though 
there is some evidence to suggest that functional or neurological effects are 
specific to the application site. (1)	

…practitioners may 
differentiate between 

broad, non-specific 
forces (manipulation) 
and more targeted 
i n t e r v e n t i o n s 
(adjustments) aimed at 
co r rec t i ng spec i fic 
biomechanical faults…’

Objective: To illustrate the challenge of selecting optimal directions for the application of adjustments or 
manipulations by chance or by using a generic, one adjustment fits all type of approach. 
Methods: Simple mathematics was used to show the number of possible directions for the application of adjustive 
or manipulative forces. 
Complicating Factors: Confounders introduced by soft tissue, joint mobility and spinal alignment. 
Conclusion: A generic, one direction of force application for most or all cases or a random selection for the 
direction of forces is not an optimum approach to utilise when selecting the vector of force to be applied during 
chiropractic adjustment or manipulation.  
Methods are needed to select appropriate directions for the application of adjustments or manipulations. 
Indexing terms: Spine; Chiropractic; Adjustment; Clinical Decision Making; Gonstead
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	 Due to the many sources of information and teachings about SMT, there are various 
descriptions of what SMT means or what to call it. SMT is used by Chiropractors, osteopaths, 
physical therapists and medicine. The terms adjustment, manipulation, and mobilisation, and the 
use of hands only as well as instrumentation, have all been lumped together in the SMT label.	
	 Maigne and Vautravers (2) discussed the differences between long lever, short lever, high 
velocity, low velocity and other differences in force applications in SMT. They stated that long 
lever applications were done mostly by osteopaths and short lever applications were done by 
Chiropractors. These are generalisations but are likely accurate descriptions for the most part. 
They also stated that there was no evidence showing differences in outcomes between the 
different methods.	
	 Herzog (3) found that the external forces applied during High Velocity Low Amplitude (HVLA) 
treatments vary dramatically depending on the treatment site and also vary dramatically across 
clinicians. Other studies have found similar conclusions. (4, 5, 6) 	
	 The variety of descriptions and applications of SMT in general, in addition to a relative lack of 
substantial funding in research in this area, are likely major reasons why there is still a limited 
understanding of the different effects of different types of SMT. However, instead of doing 
substantial research to determine differences in outcomes, the professions involved seem to have 
progressed largely to the generic approach to SMT by default. This default position may be due to 
the fact that the outcomes related research that has been done on SMT has largely been focused 
on symptoms and reflexes and less on the biomechanical effects.	
	 If we focus primarily on biomechanical effects, it is logical that different types of SMT would 
differ in outcomes. The biomechanical outcomes of generic or random approaches to SMT are 
likely different than the applications of specific types of forces at particular sites chosen for 
biomechanical reasons. In this paper, therefore, the probability of a desired biomechanical 
outcome from a generic or random approach to SMT is considered in theory, since hard data is 
lacking.	
	 There is little evidence comparing the outcomes of different types of SMT. Although one study 
found that manual SMT was superior to instrument assisted SMT in low back pain disability 
outcomes (7) and another comparison of two types of manual SMT showed no difference in low 
back pain and disability outcomes. (8)	

However, if an applied force is going to create biomechanical changes in 
spinal structure, it must, a priori, result in work. Therefore, work is performed 
when a force causes a displacement of the point of application in the 
direction of the force. That work is a biomechanical change regardless of 
whether it results in measurable changes in spinal alignment after the force is 
removed. This leads to a logical conclusion that the magnitude and direction 
of the applied force, as well as the site of application of said force, matter in 
terms of biomechanical effects. 

	 The question of whether the location or method of applying SMT force is significant may stem, 
at least in part, from an emphasis on outcomes related to pain or disability scores. However, there 
are studies that show it does matter where SMT is applied when the outcome is range of motion. 
(9,10) Nansel et al, in a series of triple blinded studies, found that using the Gonstead technique 
upper cervical adjustments specifically applied to levels found using the Gonstead method of 
spinal assessment resulted in greater improvements of cervical rotation than lower cervical 
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Gonstead Method adjustments, whereas lower cervical adjustments applied to specifically found 
spinal levels resulted in greater improvements in lateral bending than upper cervical 
adjustments. (9) They also found that specific adjustments applied on the side of the most 
restricted lateral bending resulted in greater improvement than specifically applied adjustments 
on the side opposite of the greater restricted bending. (10)	
	 The goal of this article is to examine the possible number of directions of these adjustive or 
manipulative forces that are fundamental to SMT and see if there might be advantages in selecting 
forces by some method as opposed to using random directions of force application or a generic 
one adjustment sequence for all, type of approach. We offer a rationale based primarily on 
mathematical probability that the type and directions of SMT forces are unlikely to be found by 
chance alone, or by generic (one size fits all) approaches to SMT. Spines, like all physical 
structures, are affected by forces. The introduction of forces into the spine without consideration 
for the direction of those forces with the thought that they will benefit the patient is illogical.	

Cartesian coordinate system	

	 Cartesian coordinate systems are used in many fields. Volkwyn, writing in the European 
Journal of Physics, notes that ‘Learning how to appropriately select and use coordinate systems is 
central to physics modelling and problem solving’.(11) For our discussion we will utilise the 
convention established by Panjabi et al and use a coordinate system where positive translation on 
the y-axis is vertical, positive translation on the x-axis is to the patient’s left and positive 
translation on the z-axis is moving in the direction anterior to the patient. (12, 13)	
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Figure 1: Body showing the x, y and z axes

The degrees of freedom of an object are the number 
of axes along which an object can translate plus the 
number of axes around which it can rotate. (13) 

We have x, y and z axes along which an object can 
translate and around which they can rotate. This gives 
us 6 degrees of freedom. 

Troyanovich (13) reports that the typical vertebra has 
6 degrees of freedom although we note that the 
magnitude of movement in some directions may be 
small. If one considers that there is a positive and 
negative direction for translation along each of the 
three axes and rotation in a positive and negative 
direction around each of the three axes, then we can 
describe that as 12 different directions the object can 
move.

Artwork by Scientific Illustrator, Laurel M Hynes



Directions of Force	

	 When a clinician delivers either an adjustive or manipulative force that force is in a particular 
direction. There are 12 directions in which a vertebra might move and if the clinician delivers a 
force they may be doing it with the intention to affect the dynamics and/or the position of one or 
multiple vertebra(e). If some directions of force application would be more effective than other 
directions in accomplishing the effect that the clinician desires then direction may be of 
importance. 	
	 We can compute the probability of a particular force direction randomly being selected: 	

1/x where x is the number of possible choices 

	 This gives us:	

1/12 or 1 chance in 12 that a particular vector would be selected randomly. 

	 That would be a 1 in 12 chance for a single selection. However, a treatment program often 
entails more than one treatment session and multiple adjustments or manipulations may be given 
in any one treatment session. For two adjustments/manipulations both selecting the same vector 
in a random fashion there would be a:	

1/12x1/12 = 1/144 chance. 

For three adjustments 1/12x1/12x1/2= 1/1728 chance. 

	 Thus, every time a manipulative/adjustive force is delivered in a random or generic fashion the 
probability of selecting the appropriate vector of force is 1/12th as great. The chance of selecting 
the appropriate vectors of force randomly or generically for an entire treatment program soon 
becomes exceedingly improbable. If one direction of force application is more desirable than the 
other possible directions, a random or generic application of SMT forces poses a significant 
problem.	
	 The implications of random or generic approaches to SMT are further illuminated by the many 
factors that determine the resultant vector of force applied for a manipulation or adjustment. The 
combination of pre-positioning the spine and the force applied, along with the patient’s reactions 
to the process during the procedure, is complex. 	

Yet, the resultant vector of force is the single force which is the combined 
action of multiple forces acting on it simultaneously.  

	 The resultant vector is determined by the vector sum of all the individual forces acting on the 
spine, considering all their magnitudes and directions. The consideration of this complexity of 
actions and the resultant vector of force, along with vertebral malalignment and the presence of a 
functional impairment of the motion of the spinal unit, is likely a reason why some prefer to use 
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the term specific adjustment versus the term manipulation. Given this complexity, along with the 
influence of vertebral alignment and the presence of somatic dysfunction, practitioners may 
differentiate between broad, non-specific forces (manipulation) and more targeted interventions 
(adjustments) aimed at correcting specific biomechanical faults. Whether or not the application 
of a specific adjustment or a generalised manipulation will result in better outcomes in individual 
cases has not been broadly determined. There is a need for more attention in this direction of 
study in future research which goes beyond the assessments of pain related outcomes. 	
	 In 2023 Evans and Lucas, (14) based on available literature, defined manipulation as: 
‘Separation (gapping) of opposing articular surfaces of a synovial joint, caused by a force applied 
perpendicularly to those articular surfaces, that results in cavitation within the synovial fluid of that 
joint’. (14) In the past, however, definitions of manipulation and adjustment were described 
differently. In 1994, Shekelle (15) described manipulations as nonspecific and adjustments as 
specific. Further, in searching the literature for this paper, there were few references to manual 
treatment of the spine where the term specific adjustment is used compared to the vast majority 
of the literature utilising some form of the term manipulation. 	

It appears that researchers and writers have considered the difference 
between the terms ‘manipulation’ and ‘adjustment’ as insignificant. 

Subluxation or Manipulative Lesion	

	 It is not the purpose of this article to enter the controversy regarding the terms subluxation, 
manipulative lesions or some other similar term. However, it is obvious that the introduction of 
adjustive/manipulative forces into the spine by the clinician serves a purpose. Whether it is to 
decrease pain, increase joint mobility, improve spinal alignment or to otherwise improve joint or 
nervous system function, the direction of the applied force may be important.	

Soft tissue	

	 The direction of forces applied during SMT are important to the soft tissues supporting spinal 
articulations. Spinal supportive soft tissues can be injured by excessive forces when healthy but 
are even more easily damaged from force loads when they have been weakened by prior injury. 
(16) 	
	 For instance, the higher levels of forces produced in studies of manual SMT to the spine can 
exceed the lower thresholds of shear strength in non-injured lumbar spines, and pre-injured 
spines are even more susceptible to these forces. (17) Triano characterised manual procedures of 
SMT as controlled forces designed to unbuckle deformed motion segments in the spine. (18) To 
design such an approach to SMT, an examination of the spinal buckling behaviour of a patient’s 
previously injured spine must be performed, such a thing cannot be left to chance if it is expected 
to be safe and effective.	
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Joint mobility 	

	 Excessive, restricted or abnormal joint mobility are common features of spinal dysfunction. 
(19, 20) When there is a loss of joint mobility it must occur in one or more directions. Applying 
forces in many different directions to one particular area might indeed increase motion but it 
appears that if there is soft tissue injury to the articulation in question that one or more of the 
directions of movement may create further tissue damage. 	
	 Applying a force into the direction of restricted spinal joint motion might improve motion in 
that direction. However, if that causes already damaged tissues to be further stressed or would 
worsen spinal malalignment then that sort of force is, a priori, contraindicated. Such an approach 
is using restricted motion as a guide to select a direction in which to apply SMT forces. This is not 
a selection of force direction by random chance nor is it doing the same SMT force on every 
patient without consideration of that patient’s spine. But increasing joint mobility is not 
necessarily the same as improving spinal alignment or improving joint function. Joint function 
would require the joint to move in a more normal motion not merely having greater motion.	

Spinal alignment	

	 When the upright spine is viewed as a structure just as one views a house, tower or skyscraper, 
it is apparent that an optimum form of alignment relative to gravity is needed. Proper spine 
alignment helps maintain axial skeletal stability, protect neural components, and maintain an 
upright posture. (19) Forces that tend to push the spine into a better alignment with gravity 
appear to have distinct advantages as opposed to forces that push the spine out of alignment 
relative to gravity. Significant discussion can arise on whether we should place emphasis on local 
or global alignment and a detailed discussion on that topic is beyond the scope of this article. 
Presently, we will use the relative alignment between adjacent vertebrae, although we wish to 
note that the direction of SMT forces is likely equally important whether the clinician is focused 
on either local or global alignment.	
	 A common example of a case a Chiropractic clinician may face is an unleveling of the vertebral 
end plates between two adjacent vertebrae when viewed anterior to posterior, with a bulging disc 
between those vertebrae, which may or may not affect a spinal nerve root. The clinician may not 
wish to apply forces that would be likely to increase this unleveling and further affect already 
injured disc fibres.	
	 In this case, for example, clinicians may assess spinal alignment to aid in selecting the direction 
for SMT forces. This is neither a random nor a generic approach to manipulation or adjustment 
force selection for an individual case. Spinal alignment is being used to guide force direction. 
Again, this requires an evaluation to determine the appropriate force application direction. The 
direction of applied forces to the spine should be of importance to the chiropractic profession.	

Discussion	

	 It has been demonstrated that the likelihood of randomly choosing a particular force vector for 
the application of SMT forces is unlikely to be biomechanically sound. This leads us to the 
question of choosing a specific force vector. While we agree that some vectors may be quickly 

Asia-Pacific Chiropractic Journal Coleman, Hynes, & Lopes, 6



disregarded, this would still leave us with several possible choices, and it would appear to 
necessitate some form of analysis to determine acceptable choices.	

The thought that all or even most patients should be treated with the same 
SMT directions of force should be questioned. The more accurate the 
analysis methods the more that care can be individualised to that patient. 

	 Bergman et al (21) stated ‘… the physician must first ascertain if there is a clinical basis for 
treatment. The Chiropractic physician considering manual or adjustive therapy must establish if 
conditions exist which support this treatment’.	
	 It is easy to see that a particular diagnostic method can have confounders. An example occurs 
when in a clinical scenario the patient presents with a reduction in segmental rotation at a 
specific lumbar motion unit, detected during motion palpation. Upon reviewing the 
anteroposterior lumbopelvic radiograph, the clinician identifies facet tropism, an anatomical 
variant wherein the paired articular facets of the same vertebral segment exhibit differing 
orientations, with one facet aligned in the sagittal plane and the contralateral facet oriented more 
coronally. This configuration alters the segment’s kinematic properties by producing inherent 
asymmetry in coupled motion patterns. As a result, symmetrical axial rotation at that segment is 
biomechanically impossible, not due to hypomobility from a functional restriction, but due to 
structural morphology. If a clinician were to rely solely on motion palpation findings without 
integrating radiographic and anatomical data, they could misinterpret this asymmetrical 
movement as a correctable fixation or subluxation. An inappropriate high-velocity, low-amplitude 
thrust directed at ‘restoring’ nonexistent symmetry could result in unnecessary intervention, 
patient discomfort, or increased joint stress.	
	 Confounders can be shown for other diagnostic methods such as radiography and posture. For 
instance, the imaging employed by most clinicians does not include bending views and therefore 
lacks information regarding joint function. Posture does not show intersegmental alignment. The 
key clinical takeaway is that a complete and accurate diagnosis requires synthesising all available 
objective findings to best analyse the problem and serve the patient.	
	 While researchers may certainly use pain as an outcome measure there would appear to also 
be a need to further study the effectiveness of directions of SMT forces in the areas of improving 
spinal dynamics and spinal alignment. In all cases the direction of forces applied to the spine 
should be considered. Most clinicians already employ physical examinations which can aid in 
determining injury to soft tissues, joint mobility and spinal alignment. This should be further 
encouraged. Additionally, many clinicians employ imaging to aid in spinal analysis. However, 
some may feel restricted in imaging usage due to current guidelines. (22) A better understanding 
of how projection errors affect radiography would enhance the information obtained from plain 
film radiography. (23, 24)	

Conclusion	

	 It has been shown that generic applications of forces are ill-advised and that it is extremely 
unlikely that a suitable vector of force for a manipulation or adjustment will be chosen in a 
treatment program by chance alone.	
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	 To those who consider spinal alignment important it is obvious why vector selection is 
essential. Even to those who do not find spinal position to be important it should be clear that 
forces of inappropriate direction can detrimentally affect the patient.	
	 Therefore, reliable methods are needed to select appropriate force vectors. Spines are not free 
from the laws of physics, and the direction in which forces are applied to structures generally 
matters.	
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