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 Abstract 

Background: Posterio-anterior (PA) movements are one type of passive intervertebral movement used 

to assess and treat perceived deficits in localized segmental mobility. Objectives: To describe: 1) The 

specific effects that reductions in segmental mobility would be expected to have on PA movements; 2) 

How differences in PA movements in clinical situations compare to what would be expected with 

reduced segmental mobility; and 3) Whether such differences in PA movements are likely to be 

perceivable by manual palpation. Methods: Multiple modelling studies and in vivo measurements of PA 

movements are described. Results: The findings indicate the differences in PA movements present in 

clinical conditions corresponds with the differences that would be expected with decreased segmental 

mobility.  The differences both predicted from the modelling and found in clinical conditions were 

greatest at low levels of force. Additionally, the differences are large enough that individuals with 

training are likely to be capable of 1) consistently producing controlled movements with sufficiently 

small magnitudes of force to assess the movements, and 2) detecting the differences in stiffness 

expected from modelling and found in clinical situations. Conclusions: Implications for clinical practice 

and teaching include the need to attend to the stiffness of PA movements at lower levels of force than 

those typically described. The authors recommend a three tiered approach to assessment of PA 

movements which may assist in both clinical practice and teaching manual therapy skills.   
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Spinal PA movements behave ‘as if’ there are limitations of local 

segmental mobility and are large enough to be perceivable by manual 

palpation: a synthesis of research 
 

Introduction 
Posterio-anterior (PA) movements are one of a range of passive intervertebral movements (PIVMs) 

used to assess or treat perceived deficits in localised segmental mobility thought to be associated 

with mechanical pain syndromes. PA movements were originally thought to produce localised 

accessory movements [1] and are still referred to as Passive Accessory Inter-vertebral Movements.  It 

is now clear however from both in vivo [2-7] and in vitro studies [8-10] that the spinal movement 

produced by PA movements is neither localised, nor primarily accessory. Rather the movement 

produced spans a number of intervertebral levels, is primarily physiological movement in the sagittal 

plane, and is potentially influenced by a number of non-articular factors [3, 5, 11-14]. We suggest 

empirical evidence exists that PA movements behave ‘as if’ there is a localised limitation of segmental 

mobility and the relevant differences are sufficiently large to be perceivable by manual palpation. It is 

not the intention of this paper to suggest whether restrictions of local segmental mobility exist, what 

the mechanisms of reduced segmental mobility might be or whether such changes in mobility would 

even be relevant. Rather this paper will consider the behaviour of PA movements from an empirical 

perspective and address three questions: 1) If localised deficits of spinal mobility were to occur, what 

impact would be expected on PA movements; 2) How differences in PA movements in clinical 

situations compare to what would be expected with limitations of local segmental movement; and 3) 

Are these differences in PA movements likely to be perceivable by manual palpation?   

  

Impact that alterations in segmental mobility would be expected to 

have on PA movements 
 

Each region of the spine consists of a series of mobile segments such that a PA translational force 

over one vertebra will produce rotational moments between each pair of vertebrae. The moments, 

however, is not evenly distributed across the region but is greatest directly under the applied 

load.[15]  

First, simple calculations were made to determine what levels of force would be most relevant for 

determining the size of the neutral zone. It has been suggested that the size of the neutral [16] or lax 

[17] zone where movement is “produced with a minimal internal resistance”[16] is the most clinically 

relevant aspect of joint movement. [18, 19] The PA force needed to reach the limits of the neutral 

zones were calculated from the length of the cervical and lumbar [15] spines and measurements of 

segmental stiffness [15, 20] and found to be > 10N for the cervical and >15N for the lumbar spines. To 

place those values in perspective, clicking a retractable ball point pen typically requires 4N-6N while a 

plunger for hand sanitiser requires about 25N.  

Computer-based model of the cervical spine 

A simplified computer-based model was constructed to determine how increased stiffness across the 

entire movement of an individual segment would impact on PA movements. The model was 
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constructed in SimMechanics™
1
  from published dimensional [21] and stiffness data. Movement was 

modelled around a single flexion/extension axis for each motion segment as constrained by linear 

springs as in previous models [22] and again as having non-linear angle/moment curves derived from 

published cadaveric data [23]. Vertebrae were modelled as massless, a minimal stiffness was applied 

to the neutral zone to ensure a determinant simulation, and damping was set to the minimum that 

would allow a smooth simulated movement. PA force was applied over the centre of rotation of 

flexion/extension of C4/5 in 0.1N increments up to 25N 1) with normal stiffness, 2) with the stiffness 

increased throughout by 50% at C4/5, and 3) with the angular movement at C3/4 similarly reduced.  

When the segmental kinematics were modelled as linear, the F-D curves of the PA movements were 

also linear. Stiffening either segment resulted in a similar increase in the slope of the linear F-D curve. 

When kinematics were modelled more realistically as non-linear springs, stiffening either segment 

resulted in the F-D curves being shifted to the left. When the stiffened segment was directly under 

the applied force, the curve shifted further to the left. Thus, when a segment was stiffened, the F-D 

curves diverged from normal primarily at forces lower than about 10N and the difference was greater 

when the PA force was applied over the stiffened segment (Figure 1). The important differences may 

be more visible in the stiffness curves (see definitions) which represent the same data. The points 

where stiffness changes quickly are visible as ‘steps’ in the curves. The steps occur earlier and are 

higher when C4/5 was modelled as hypomobile. When the adjacent level (C3/4) was modelled as 

hypomobile, the effect was qualitatively similar, but much less pronounced.  

                                                           
1
 SimMechanics version 2.7, The MathWorks, Inc., Natick, Massachusetts, USA 
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Figure 1. Graphs of the F-D and stiffness-displacement curves from the simulation with the PA force 

applied to C4/5 with normal movement and with C4/5 stiffened by 50%. 

 

Physical model of the lumbar spine 

A physical model was constructed and used to clarify how altered segmental movements would 

impact on PA movements. A custom lumbar spine model was developed based on a commercially 

available biomechanical lumbar spine model
2
. The original model was developed to test surgical 

implants and is accurate at high loads, but does not effectively simulate movement at low loads. The 

custom model was comparable with published data for both the low and high loads and was modified 

to enable stiffening of individual motion segments (Figure 2).  

 

                                                           
2
 Sawbones®,Vashon Island, Washington, USA 
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Figure 2. The experimental method with the biomechanical lumbar spine model. 

 

The model was suspended from the sacrum and T12. Video recordings from 2.4M away included a 

calibration scale at the beginning of each clip. Three repetitions of PA force were applied to L4 with a 

1cm
2
 rubber tipped applicator on a Wagner FDX™ force gauge in three conditions: first with the 

model unconstrained; second with L3/4 stiffened; and finally with L2/3 stiffened. Force data was read 

from each image where the reading on the force gauge updated. Displacements on the corresponding 

frames were calculated by tracking a dot on the L4 spinous process of using MtrackJ [24] , a manual 

tracking plugin for ImageJ. Each F-D curve was interpolated using one way splines to 0.1N intervals
3
. 

The average displacement for each level of force was then calculated and this curve used in further 

analysis. Stiffness was calculated as the slope of the averaged curve (Figure 3). 

 

                                                           
3
 (SRS1 Cubic Spline for Excel® (version 2.51) http://www.srs1software.com/SRS1CubicSplineForExcel.aspx) 
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Figure 3. The resultant F-D and stiffness-displacement curves from the lumbar spine simulation. 

 

 

Similar to the computer-based modelling, when a motion segment was stiffened, the F-D curve 

shifted to the left such that the curves diverged starting at a few newtons force and approached 

parallel at higher forces. Again, the effects were much more pronounced when the stiffened segment 

was under the applied force. The stiffness curves show stiffness increased by over 100% at 

displacements of a few mm and forces less than 10N.  

 

Implications 

The computational and physical models explored above demonstrate consistent findings on how PA 

movements would be expected to change if an underlying motion segment was hypomobile. 

Movement of the entire lax zone of the motion segment underlying the applied PA would be 

completed by PA forces of 10-15N. Similarly, the computer-based modelling indicated that the curves 

of PA movements and the location of points where the change in stiffness is more sudden would be 

most affected at forces below 10-15N. The first and largest of these points occurred at forces under 

five N for the cervical spine and under 10N for the lumbar spine, each with differences in stiffness 

between the normal and stiffened conditions of over 100%.   

 

Comparison of PA movements in clinical situations with expectations 

from modelling   

PA movements of the thoracic spine 

PA movements were compared for two locations of thoracic spines that were perceived as having 

different degrees of mobility. Ten healthy, asymptomatic female participants, aged 18-25 years 

volunteered for a one hour session in a university setting between May and June 2017. Each was 
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assessed by an experienced physiotherapist and two spinous processes between T3 and T7 were 

selected and marked on the skin; one considered ‘hypomobile’ and the other to have normal mobility. 

A method similar to that used for the lumbar spine model above was used to measure PA movements 

(Figure 4) The main differences in methodologies were that the maximum force was now 40N and 

Kinovea™
4
  software was used as it allowed easier automated tracking. Investigators who applied the 

PA movement and did the processing were blinded to how locations were classified. Ethics approval 

for this study was obtained from xx. 

 
 

Figure 4. Method of measuring PA movements to the thoracic spine in vivo. The PA force was 

applied perpendicular to the surface of the skin and displacement measured by the Kinovea™ 

software from the video.  

The hypomobile locations were not related to actual or relative spinal level. For nine out of the ten 

participants, the curve for the location considered to be hypomobile was shifted to the left by a 

significant distance (greater than the limits of agreement of the comparison level). The greatest 

divergence was in the regions below 15N (Figure 5). The stiffness curves show the hypomobile 

locations generally had a peak stiffness that occurred earlier in the range of movement and was 

larger. 

 

                                                           
4
 https://www.kinovea.org/  
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Figure 5. Representative data as captured from the method in Figure 4. F-D curves for PAs to one 

spinous process deemed to be hypomobile and another to be more mobile are demonstrated. 

 

PA movements of the cervical spine 

Two previous studies considered how PA movements of the cervical spine change with local 

tenderness [25] and when patient range of motion improves.[26] The method and high repeatability 

of measurement of F-D curves used in these studies is described elsewhere.[27] Briefly, a load cell and 

linear displacement transducer were used to measure force and displacement of manually applied 

unilateral PA movements.  

 

In the first study [25], tenderness was evaluated in much the same way as would occur clinically, but 

in an asymptomatic population. F-D curves of PA movements to the two sides of the same vertebra 

were compared when the tenderness differed between sides. The soft tissue was displaced prior to 

applying a PA force over the articular pillar. The differences between the sides were similar to the 

thoracic spine with most curves for the more tender sides shifted to the left. On average, the more 

tender sides were also significantly stiffer between 12 and 16N.  

 

In the second study[26], changes in active range of movement and passive PA movements were 

measured before and after treatment in a symptomatic population. Following two minutes of 

localised manual therapy treatment, PA stiffness decreased by up to 8% at forces of 4-7N and 14-17N 

only at the treated location.  Decreases in PA stiffness also correlated with increases in active ROM 

and all participants who had an increase in ROM also had a decrease in PA stiffness. These changes in 

PA stiffness following treatment are similar to the changes in stiffness of passive rotation following 

treatment in a separate study.[28] 

 

Summary of in vivo studies 
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For the studies in the thoracic and cervical spines, the differences in F-D curves are compatible with 

what would have been expected from the modelling described above. The presence of soft tissues or 

differences in technique may have accounted for the higher force levels where differences in stiffness 

occurred in the cervical spine than would have been predicted from the modelling. Also, unilateral PA 

pressures were applied to the side of one vertebrae rather than centrally as in the simplified models.  

Are differences in PA movements likely to be perceivable by manual 

palpation? 
 

This section considers whether differences in PA movements predicted from the modelling and found 

in the studies described above would be perceivable by manual palpation. Firstly, for differences to be 

perceptible the stimuli must be above sensory thresholds. Measurements of sensory thresholds of the 

fingers have ranged from 0.03 to 0.05N [29] which is two orders of magnitude below the forces in PA 

movements where the relevant differences in stiffness occur.  Secondly, therapists must have 

sufficient motor control to produce the necessary movements. Trained persons can perform such 

procedures with high reliability and minimal error of applied forces as low as 2-5 N [30, 31], 

approximately half of the force at which the maximum changes in stiffness would be expected to 

occur. 

Finally, the differences must be detectable. In order to be detectable, the differences must be greater 

than the difference threshold or just noticeable difference (JND). The size of a JND is generally 

proportionate to the magnitude of the stimulus. This relationship is referred to as a Weber Fraction; 

as named for Ernst Weber, who investigated the JND of multiple sensory functions. In other words, a 

given magnitude of difference in stiffness is easier to detect at low levels of stiffness. For non-linear 

stiffness as occurs in PA movements, the low levels of stiffness occur at low levels of force.  

The Weber fractions for the ability of therapists to discriminate differences in stiffness in the range 

that occurs in PA movements have been found to be between 4% [32] and 11% [33]. These studies 

were, however different from what actually occurs in PA movements in two important ways. First, the 

movements being differentiated had simple, linear F-D curves rather than the complex curves that 

occur in PA movements. Secondly, the force was applied to rigid or slightly padded surfaces limiting 

the information the therapists could gain from soft tissue deformation of their hands. Previous 

studies suggest much greater sensitivity when cutaneous information is available by the fingers 

directly contacting deformable surfaces [34].  It is difficult to confidently quantify ability to 

discriminate stiffness in the clinical setting, but considering the methodologies described above, their 

estimates of JNDs are likely to be conservative.  

The differences in stiffness the differences in stiffness predicted from the modelling and found in the 

in vivo studies are all significantly greater than 10% so should be easily perceivable by manual 

assessment. Importantly, it is also likely that therapists could discriminate several levels of stiffness 

between the extremes described in the previous sections.  

 

One study has evaluated therapists’ ability to perceive differences that are directly related to those 

that occur with PA movements.[35] A mechanical model of the cervical spine was developed to 

determine the ability of examiners to perceive subtle differences in stiffness and motion with PA 

movements as might occur in vivo. The model was different from previous devices in that it 

incorporated three-point bending, allowing multi-segmental movement when pressure was applied to 

a single simulated vertebra and had both viscoelastic characteristics and a neutral zone of each 

segment that could be adjusted. The model was specifically designed to replicate the F-D curves of 

the human cervical spine [36]. The difference in force applied to shift the F-D curve by 2 to 4 mm was 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

9 

 

less than 5 N.  Physiotherapy students and clinicians detected changes in mobility and stiffness 

demonstrated by shifts in F-D curves of PA-type movements of 2 and 4 mm.  Individual performances 

of accuracy varied widely with one experienced practitioner being 96% accurate.   During data 

collection, the subjects used a wide variety of methods and strategic approaches to accomplish the 

task and, much like in clinical practice, this may contribute to the variability in sensitivity. 

 

In summary, there is sufficient evidence to suggest humans, particularly trained at the task, are 

capable of detecting differences smaller than would be expected in PA movements when the 

underlying segment has limited mobility. The relatively low inter-rater reliability values with PIVMs, 

including PAs, reported in numerous studies may well have explanations other than the innate 

capacities of humans, particularly the capacities of skilled manual therapists. 

Discussion 
The modelling studies suggest the impact a reduction in segmental mobility would be expected to 

have on PA movements. The PA curves from the three in vivo studies demonstrated similar 

differences to those that would be expected from the modelling studies. The expected and found 

differences were of a magnitude that should be detectable by manual palpation.  

 

For both the modelling and in vivo studies, the F-D curves for PA movements were shifted to the left 

such that they primarily diverge from the normal curve early in the movement. In other words, the 

point where the slope of the F-D curve first increased occurred earlier in the movement. When the 

same data are viewed as stiffness-displacement curves, the points of maximum increase in stiffness 

occurred earlier in the curves at forces below 10 – 20 N.   

 

The utility of passive intervertebral movements in clinical decision making has received noteworthy 

criticism [37-41], largely based on reported low inter-rater reliability studies, impact on patient 

outcomes, and the potential for bias.  Several issues are present, however, with these studies and the 

presumption to be dismissive of the value of the performance and interpretation of PIVMs fails to 

consider all the available evidence.  Several of these studies employed practitioners educated and 

trained with differing philosophies and methodologies. Multiple PIVM techniques have been 

homogenously analysed within individual studies and reviews [42, 43].  Other studies used subjects 

for palpation who were asymptomatic and, thus, perhaps lacking the movement aberrations sought 

for analysis by the examiners [44, 45]. Failure to place PIVM in a clinical context is also problematic. 

For example, reliability is higher when therapists make clinically relevant decisions such as 

comparisons rather than classifications [37] and studies whose context was more similar to clinical 

practice demonstrated better reliability. Practitioners who had similar training and performed similar 

techniques also demonstrated higher inter-rater reliability values [37, 46].  Additionally, the design of 

several studies failed to consider that the repeated application of passive movement to the spines of 

the individuals receiving PIVMs could change the test conditions across subjects conducting the 

examinations; the testing, in effect, becoming treatment and reducing or eliminating the basis for 

comparison across subjects [42, 44, 47-51]. Finally, it is probably reasonable to not expect a higher 

level of agreement from PIVM movements than other assessment procedures as, for example, few 

cervical spine examination procedures in isolation demonstrate high repeatability [52].  

 

As distinct from reliability, perhaps the clearest summary of the clinical relevance of the relationship 

between PIVM testing and clinical outcomes is found in a recent review relating to the lumbar spine 

[53], which concluded amongst other things that 1) Patients with low back pain may have increased 

PA stiffness, 2) PA stiffness decreases as symptoms improve, at least in some patients, 3) Patients 
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with increased PA stiffness are probably more likely to benefit from manipulative treatment, 4) there 

are a wide variety of factors that influence PA stiffness.  

 

While beyond the scope of this paper to discuss all of the evidence, it is worthwhile considering a few 

important differences in the approach of the current paper. Previous modelling of the relationship 

between PA and segmental movements of the spine represented movement characteristics as linear 

springs.[54] The current modelling demonstrated that such simplistic modelling produces qualitatively 

different responses than a more accurate non-linear representation. Specifically, with linear 

modelling, segmental stiffness changes in PA movements are not localisable to the underlying 

segment; whereas with non-linear segmental stiffness, PA movements are preferentially affected 

when applied over a stiffened segment.  

 

Most previous studies that measured and compared PA movements in clinically relevant settings, 

focused on the stiffness near the end of range. A review of previous studies[53]  indicated that a 

variety of methods and rationale were used to reduce the data in the curves to one or two values that 

were thought to represent the overall mobility. Although it has been clearly demonstrated that no 

region of the F-D curves of PA movements are linear[55], these studies calculated stiffness as a linear 

approximation of a portion of the F-D curves. Most of the studies considered a single measure of the 

‘linear’ region of the curve late in range, ignoring the early portion of the curves that the authors 

suggest is most relevant. A few clinical studies [56] also considered movement in the early part of the 

PA movement. Although described as the displacement up to a specified level of force - typically 30N 

for the lumbar spine – this measurement is also simply an indication of the average stiffness from the 

lowest force where data was collected to the cut-off force. Most of the studies described in this paper 

considered the behaviour of the entire curves to be able to understand where differences actually 

occurred rather than limiting the analysis to aspects of curves that were thought a priori to be 

relevant.  

 

A significant consideration of clinical context is that all of the aforementioned studies consider the 

performance of PIVMs, and simulations thereof, as only a manual execution and perception-based 

task.  Under such pretense, these procedures are devoid of any potentially augmentative inputs 

ranging from subtle nonverbal feedback from the patient to overt expressions of pain as often occur 

with PIVMs.  In common clinical practice, the sensorimotor experience by the practitioner in 

completing PIVMs is integrated with practitioner-patient interaction of many dimensions in the 

clinical reasoning processes inherent in patient care.  The perspective offered in this paper necessarily 

focuses on the performance and perception aspect in isolation and, thus, must be understood within 

that limited scope.  The execution and interpretation of PIVMs, including PAs, within patient-

practitioner interaction, however, is multi-faceted and extends beyond attempts to manually assess 

tissue stiffness. 

 

Limitations 

It is important to emphasise that the findings discussed above do not indicate that alterations in 

segmental stiffness necessarily exist or are relevant to patient symptoms, but simply that PA 

movements can behave ‘as if’ there are local limitations of mobility. Neither do these findings suggest 

a mechanism for the production of segmental stiffness if it does exist nor do the findings have 

implications for the level of force used in treatment.  The authors also do not suggest that the 

presence of the characteristics of PA movements described above necessarily indicate that location to 

be symptomatic, nor that PA movements to all symptomatic locations demonstrate the characteristics 

described above.  

 

Summary and conclusions 
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Differences in PA movements that occur with tender locations in the cervical spine, perceived 

stiffness in the thoracic spine and improvement in patient symptoms in the cervical spine are all 

consistent with what would be expected in the presence of reduced segmental mobility. These 

differences, as suggested by the F-D curves, are most apparent and likely most detectable at levels of 

force (10-20N) below that often emphasized in teaching manual assessment. Thus, teaching and 

learning manual examination skills may benefit from highlighting the importance on stiffness and 

movement ease with less force application, consistent with detection of R1. 

To enhance discriminatory ability, a three-step methodology of the manual examination is 

recommended.  A ‘first pass’ screening is performed to the entire region at very low forces (typically 

without any patient discomfort) to determine a small number of locations that may be of interest. 

Secondly, these areas of interest are explored with slightly more force and the patient’s subjective 

responses considered, determining which locations are related to the patient’s symptoms. Finally, a 

location considered to be a relevant target for treatment is explored more fully considering both pain 

and stiffness responses to inform treatment decisions.  This tiered approach of integration of manual 

examination and assessment may simplify learning discriminatory tasks and related clinical decisions. 

A future article will consider the clinical implications of the findings presented in this article and 

further research is underway to clarify the relationships of PA movements to clinical practice. 
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Spinal PA movements, while non-specific, emphasize single vertebral level motion. 

Differences in PA motions of the spine are perceptible by manual examination. 

Application of less force in examination may enhance discriminatory ability. 

Students and novice clinicians may benefit from a tiered manual exam methodology.  
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