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  Pressure Measurement in the Cervical 
Spinal Facet Joint 

   Considerations for Maintaining Joint Anatomy and an Intact Capsule  

     Nicolas V.   Jaumard   ,   PhD  ,  *        Joel A.   Bauman   ,   MD  ,  *        William C.   Welch   ,   MD  ,  *    and     Beth A.   Winkelstein   ,   PhD  ,  *  †   

   Study Design.   A novel noninvasive approach to measure facet joint 
pressure in the cervical spine was investigated using a tip-mounted 
transducer that can be inserted through a hole in the bony lateral 
mass. This technique is advantageous because it does not require 
resection of the joint capsule, but there are potential issues regarding 
its applicability that are addressed.  
  Objective.   The objective was to evaluate the effect of a tip-mounted 
pressure probe’s position and orientation on contact pressure 
measurements in biomechanical experiments.  
  Summary of Background Data.   Measurements of direct contact 
pressure in the facet joint of cadaveric spines have been obtained  via  
pressure-sensitive fi lms. However, that method requires the resection 
of the facet capsule, which can alter the overall joint’s mechanical 
behavior and can affect the measured contact pressures.  
  Methods.   Infl uence of position and orientation on probe 
measurements was evaluated in companion surrogate and cadaveric 
investigations. The probe was placed in the facet of an anatomic 
vertebral C4/5 surrogate undergoing sagittal bending moments. 
Pressure-sensitive paper was used to map contact regions in the 
joint of the surrogate and cadaveric cervical segments (n  =  3) 
during extension. The probe also underwent uniaxial compression 
in cadaveric facets to evaluate the effect of orientation relative to the 
contact surface on the probe signal.  

 Spinal facet joints transmit load, limit motions, and con-
tribute to pathologies in the spine.  1   –   3   The local kinemat-
ics and kinetics of facet joints are modifi ed by pathology, 

trauma, and surgical interventions.  4   ,   5   Contact pressure in this 
spinal joint can provide a readout of modifi cations to the lo-
cal mechanical environment of the joint and spine.  6   ,   7   Facet 
pressures have been indirectly extrapolated from deforma-
tions of laminar strain gauges and directly measured by sec-
tioning the facet capsule to implant fl at-lying sensors between 
the articular surfaces.  8   –   12   While these experimental techniques 
are valuable to estimate the maximal contact pressures and 
can localize regions of contact between the joint’s articular 
surfaces, they require cutting the facet capsule. However, cap-
sule resection potentially biases pressure measurements since 
it can modify the joint’s overall mechanical behavior.  13   ,   14   With 
capsule transection, the facet joint becomes hypermobile that 
can also induce articular surface contact in nonphysiologic 
locations. In addition, the presence of fi lm in a joint space 
has been shown to overestimate contact areas between articu-
lar surfaces.  15   Therefore, any approach to measure facet joint 
contact and pressure while maintaining the natural anatomy 
of the joint would be advantageous for defi ning relevant joint 
biomechanics for spinal loading scenarios. 

 Cylindrical pressure transducers with a sensing membrane 
at their tip provide an alternate strategy to access the facet 
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  Results.   Although experimental and theoretical pressure profi les 
followed the same trends, measured maximum pressures were half 
of the theoretical ones. In the orientation study, maximum pressures 
were not different for probe orientations of 0 °  and 5 ° , but no signal 
was recorded at orientations greater than 15 ° .  
  Conclusion.   This approach to measure pressure was selected 
to provide a minimally-invasive method to quantify facet joint 
pressures during clinically relevant applications. Both the position 
and orientation of the probe are critical factors in monitoring local 
pressure profi les in this mobile synovial joint.   
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articulations while sparing the capsular ligament because they 
can be inserted through the facet bone. Although this class of 
transducers has been used primarily for aerospace, marine, 
and automotive applications,  16   –   18   it was shown to maintain its 
high accuracy ( ± 0.1%)  16   in a very harsh environment (600 ° C, 
100 psi). Therefore, it offers promise for minimally invasive 
direct pressure measurements in joints because it can be fi tted 
into a hole. However, because the sensing element is located 
at the probe’s tip, the measured facet contact pressure may 
depend both on the orientation of the probe and its position 
relative to the articular surface, as well as the compliance of 
the material(s) it contacts. 

 While tip-mounted pressure probes may enable minimally 
invasive measurement of facet contact pressures, their perfor-
mance in complicated geometries and loading scenarios like 
that experienced by the cervical facet joint during spinal load-
ing has not been characterized. Accordingly, complementary 
studies were performed to investigate potential limitations of 
using a tip-mounted transducer to measure contact pressures 
in the cervical facet joint. The XCEL-100–50 psi transducer 
(Kulite, Leonia, NJ) has a hysteresis and repeatability error 
( ± 0.5%) that is on the same order as that of a miniature 
transducer to monitor intervertebral disc pressure in cadav-
ers.  19   In the fi rst study, the probe’s  in situ  precision during 
sagittal bending was assessed using a surrogate mimicking the 
human cervical anatomy to compare experimental contact 
pressures to theoretical values for applied bending. A second 
study used both the surrogate and cadaveric spinal motion 
segment specimens to evaluate the spatial pattern of contact 
between articular surfaces using pressure sensitive paper in 
the facet joint. Finally, the effect of probe orientation with 
respect to the joint surface was also evaluated in a separate 
study using isolated cadaveric facet joints during uniaxial 
compression to more fully evaluate issues affecting use of this 
type of probe in this sort of application. 

  MATERIALS AND METHODS 
 A cylindrical pressure probe (XCEL-100–50A; Kulite Semi-
conductor Products; Leonia, NJ) was selected for its small 
diameter (2.61 mm). The deformation of the strain gauge 
sensing membrane (diameter of 2.21 mm) at the probe’s tip is 
linearly proportional to applied pressure. The probe interfac-
es with a data acquisition board featuring a strain gauge card 
(OM2–8608 backplane, OM2–162 bridgesensor; Omega
Engineering; Stamford, CT) in a full Wheatstone bridge con-
fi guration. Data from the pressure probe were acquired at 
100 Hz using LabVIEW (version 8, National Instruments; 
Austin, TX). 

 Surrogate Facet Joint Pressures Measured With Probe 
During Flexion-Extension Moment 

 Measuring the facet contact pressure is not straightfor-
ward because loading depends on the complex anatomy 
and local kinematics of the articulating surfaces in the joint. 
Accordingly, the probe’s precision was evaluated in a realistic 
testing scenario using an anatomic surrogate undergoing fl ex-
ion and extension. A surrogate cervical motion segment was 

assembled from synthetic C4/C5 bone models (3B Scientifi c 
GmBH; Hamburg, Germany). An analog intervertebral disc 
was simulated out of rubber cement and the facets’ articular 
surfaces were covered with paraffi n to replicate the low coef-
fi cient of friction of cartilage. The pressure transducer was 
secured by press-fi tting it in a hole that was drilled in the cen-
ter of the left C4 pillar with an orientation perpendicular to 
the articulating surfaces ( Figure 1A ). The probe was inserted 
through C4 to contact the articular surface of C5 by crossing 
the gap in the joint space. Kirschner-wires and Flow Stone 
(Whip Mix Corp.; Louisville, KY) were used to rigidly fi x the 
C5 vertebra to the stationary base of the mechanical testing 
machine (Model 5865, Instron; Norwood, MA).  

 A screw was positioned in the midsagittal plane of the 
surrogate, extending out of C4 on both the posterior and 
anterior sides. The downward displacement of the Instron 
crosshead (Instron; Norwood, MA) was applied at the end 
of the screw to impose either an extension or fl exion moment 
depending on whether it was coupled to either the posterior 
or anterior end, respectively ( Figure 1 ). Vertical displacements 
of 1.5 mm were applied at 0.5 mm/sec for 10 cycles, corre-
sponding to moments of 0.18 Nm in extension and 0.025 Nm 
in fl exion. Each test was repeated three times at one-minute 
intervals. Such low moments were applied to enable a com-
parison between the theoretically-expected pressure and the 
experimental pressure measured by the probe and permitted 
evaluation of the transducer’s resolution. Conservative testing 
was also selected to preserve the integrity of the probe. Ink 
marks were placed on the lateral side of the facet pillar edges, 
laminae, vertebral bodies, probe, and screw ( Figure 1A ). A 
charged-coupled device camera with resolution of 704 by 400 
pixels (Phantomv4.3, Vision Research; Wayne, NJ) tracked 
the marks during loading at 60 Hz; the vertical force and dis-
placement of the crosshead (resolution of 0.02 mm)  20   and the 
probe output were monitored. 

 The crosshead data and surrogate kinematics were used 
to calculate the theoretical pressures applied to the probe to 
compare to the corresponding experimentally measured pres-
sures. The mark positions were tracked using the ProAnalyst 
software (Xcitex Inc.; Cambridge, MA) to identify the in-
stantaneous axis of rotation (IAR) of C4 relative to C5 in 
the sagittal plane (point Q in  Figure 1 ). The applied  moment 
(M) was calculated by multiplying the applied  force (F) by the 
corresponding moment arm (e), which is the distance between 
point Q and the point on the moment arm where the verti-
cal displacement was applied ( Figure 1B ). Since the applied 
force and applied moment were resisted by the surrogate as 
whole, a portion of the reaction moment opposing motion 
was generated by the rubber cement disc analog because of 
its intrinsic rotational stiffness. Therefore, the contribution 
of the synthetic disc was measured and incorporated into the 
calculation of the reaction force at the facet joint, from the 
overall force (F) measured by the load cell. The reaction force 
(F R ) at the contact between the probe and the articular facet 
surface (point P) was calculated using the applied moment, 
the sagittal and overall angles of rotation ( φ ,  ψ ,  ω , respec-
tively) of the C4 facet surface, the rotational stiffness of the 
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rubber cement disc (T 0 ), and the sagittal coordinates of point 
P (a, b) in the X-Y plane with origin at point Q ( Figure 1B ), 
according to equation  {1}. 

 (1)

 The theoretical pressure (Pt) was estimated by dividing 
the reaction force (F R ) by the average sensing membrane area 
(3.84 mm 2 ) according to equation {2}, and the difference be-
tween the estimated initial and maximum pressures was taken 
as the increase in theoretical pressure. 

 (2)

 The mean theoretical and experimental pressure increases 
were compared using a Student  t  test, with signifi cance at  P  
less than 0.05. 

  Facet Joint Contact Pressure Locations Detected by 
Pressure Paper During Extension 
 The contact region of both the articular surfaces and the 
probe location were measured and compared to provide con-
text for the shape and magnitude of the pressure signals de-
tected by the probe. Pressure-sensitive and tracing paper were 
each used separately to evaluate the location of facet articular 
contact and the probe tip, respectively, during extension ap-
plied to the surrogate and to cadaveric (n  =  1 C2/C3; n  =  2 
C4/C5) spinal motion segments. A similar moment arm as 
described earlier was used to load the cadaveric spinal motion 
segments, with a 3.2 mm-diameter screw through the upper 
vertebral body in the midsagittal plane. 

 For each case, permanent-ink black dots (0.41 mm diam-
eter) were made along the exposed lateral bony edge of the 
facet joint, on the surrogate and each cadaveric specimen, to 
serve as anatomic reference marks. The surrogate and each 
cadaveric specimen were each positioned in the Instron and 
pressure-sensitive Fuji paper (Pressurex Zero, 7.2–28 psi; 
Sensor Products Inc.; Madison, NJ) was inserted in the joint 
space from the lateral side to measure the magnitude and lo-
cation of the contact pressure developed between the articular 
surfaces during extension. Capsule transection was required 
before inserting pressure-paper in the facet joint of the cadav-
eric motion segments. The vertical displacement of the Instron 

crosshead applied to the extremity of a screw was converted 
to an extension moment of 0.19 Nm for the surrogate and 
from 0.8 to 1.6 Nm for the cadaveric motion segment speci-
mens, matching moments applied to cervical motion segments 
reported in the literature.  21   –   24   The moment was applied and 
the point of a Kirschner-wire was used to trace the lateral and 
dorsal facet borders and anatomic reference marks on the Fuji 
paper while it was still in the joint. The specimen was unload-
ed and the Fuji paper was carefully removed from the joint 
space and replaced with a piece of white tracing paper of simi-
lar size. Under the same extension moment, the joint contour 
and, reference marks were again marked on the tracing paper 
and the probe position was marked by introducing a rigid rod 
with an inked tip through the hole in the upper lateral mass 
that previously housed the pressure probe. For analysis, the 
color density on the Fuji paper was quantifi ed using known 
calibrated applied pressure magnitudes as per manufacturer 
instructions. The region(s) of articular contact and probe lo-
cation were compared for each of the surrogate and cadaveric 
specimens by matching the pressure-sensitive and tracing pa-
pers using their outer edges and reference markings.  

  Effect of Probe Orientation on Pressure Magnitude 
with Cadaveric Articular Facets 
 The dependence of the tip-mounted probe signal on its ori-
entation relative to the articular surface was assessed using a 
combined set-up with isolated cadaveric facets and fabricated 
probe housing fi xtures. A series of polyethylene rods (19.3 
mm long, 15.8 mm diameter) were fabricated with a 2.78 mm 
diameter hole oriented at 0 ° , 5 ° , 15 ° , 30 ° , and 45 °  from the 
vertical axis. The probe was secured in the hole in the rod by a 
lateral securing screw. Each rod was affi xed to the base of the 
Instron frame and a cadaveric C5 superior facet (65 year-old 
male) was affi xed to the crosshead with the cartilaginous ar-
ticular surface oriented horizontally. The facet contacted the 
tip of the pressure transducer and then displaced vertically 
downward at 0.05 mm/sec to 0.08 mm for 20 cycles, with 
continual pressure data acquisition. Three trials were per-
formed for each angle of the probe using each of the right and 
left facets, separately. The increase in pressure was calculated 
as described earlier in equation {2}, taking into account the 
orientation of the reactive force FR, for the fi rst cycle of each 
trial. Mean experimental pressure increases were compared 
between angular orientations using paired  t  tests.   

  Figure 1.    Photograph ( A ) and free-body diagram ( B ) of 
the C4/C5 cervical spinal unit surrogate in the confi gura-
tion for applied extension.  
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probed by the pressure transducer was located toward the 
center of the joint ( Figure 3A ). However, in the surrogate 
specimen the probe tip was more lateral and partially over-
lapped with the area of articular contact ( Figure 3B ).  

 In the orientation study, pressure was detected only when 
the probe was oriented largely perpendicular to the applied 
compression, at the smallest angular orientations (0 ° , 5 ° ) ( Fig-
ure 4 ). When the probe was oriented at an angle of 15 °  or 
more off the vertical axis, no pressure was detected (data not 
shown). The measured pressure ranged between 1.7 and 5.2 
psi and between 9.0 and 14.2 psi for the left and right facet, 
respectively. For the tests on the right facet, the 0 °  orientation 
pressure values were smaller than the values at the 5 °  orienta-
tion, but this difference was not signifi cant ( P   =  0.06). For the 
tests on the left facet, the 0 °  orientation pressure values were 
also smaller than at the 5 °  orientation, and were signifi cantly 
different ( P   =  0.05).   

  DISCUSSION 
 Despite limitations related to the particular transducer used 
in this work, the results of these studies suggest that the probe 
technique may have some utility in measuring facet joint pres-
sures during relevant test paradigms. However, several limita-
tions have been identifi ed that merit consideration for future 
use of this sort of approach. In the surrogate study, the pres-
sure profi les monitored by the probe during bending did not 
match the theoretical values in magnitude, but did reveal a 
similarity in the shape of the pressure response ( Figure 2  and 
 Figure 3B ;  Table 1 ). The smaller maximum values and the 
delay in the onset of the measured pressure increases may re-
sult from the probe position in the joint, the local mechanical 
environment ( Figure 2  and  Figure 3 ), and/or the probe design. 
Furthermore, the delay in the detection of joint contact pres-
sure in the surrogate may be explained, in part, by the fact 
that the probe tip becomes engaged only after some initial 
joint motion has occurred. Because this probe is designed to 
measure pressure in fl uids, it does not actually measure pres-
sure changes until the sensing membrane is deformed, as oc-
curs when contact is made with the opposing articular carti-
lage surface. The difference in magnitude may be linked to 
an incomplete engagement of the sensing membrane with the 
articular surface. In addition, part of the discrepancy could 

  RESULTS 
 Changes in pressure were detected by the probe when a 
moment was applied in extension but not in fl exion. Although 
the experimental and theoretical pressure profi les exhib-
ited similar shapes, they differed in magnitude and timing 
( Figure 2 ). The pressure profi les increased similarly in all 
extension trials, but the maximum experimental pressure in-
crease was more than two times smaller than that theoretical-
ly predicted on average ( Figure 2 ;  Table 1 ), and this difference 
was signifi cant ( P  < 0.01). The experimental pressure increase 
was delayed by 1.5 to 2 seconds (corresponding to 0.05–0.08 
Nm of extension) compared to the immediate increase in 
theoretical pressure for extension ( Figure 2 ). In fl exion, both 
the experimental and theoretical pressures were unchanged 
owing to a lack of contact due to the joint’s opening. Video 
analysis confi rmed that the transducer did not move relative 
to the surrogate during all of the tests.   

 Comparison of the probe tip location and region(s) of ar-
ticular joint contact detected by the papers indicated a general 
mismatch between the probed and contacting areas for both 
the surrogate and cadaveric segments. The articular surfaces 
mainly contacted along the most posterior and lateral regions 
of the facet ( Figure 3 ). For the cadaveric specimens, the area 

  Figure 2.    Theoretical (solid) and experi-
mental  ( )pressure increase relative to 
baseline readings during the loading 
portion of an extension moment cycle 
applied to the surrogate motion seg-
ment.  

 TABLE 1.    Average ( ± SD) Surrogate Facet 
Pressure Increase During Maximal 
Extension for Three Trials   (PSI)

 Extension 

Theoretical 0.960

0.959

1.056

0.992 ( ± 0.056)

Experimental 0.487

0.292

0.292

0.357 ( ± 0.113)
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surrogate and cadaveric specimens were anatomically simi-
lar and exhibited similar rotation responses (1 ° –3 ° ) in exten-
sion, the spatial contact data were considered comparable 
for this fi rst-pass analysis. These data also further support 
the fact that the capsular ligament does not play a role in the 
mechanical behavior of the facet joint in extension owing to 
its fi bers being relaxed, since the two responses were similar. 
This collection of results ( i.e. , cadaveric, surrogate, and fi nite 
element modeling) supports agreement in the identifi cation of 
a consistent region of articular contact in the cervical facet 
joint under extension. Defi ning the anatomic region of con-
tact is crucial in informing where to position insertion of a 
tip-mounted pressure transducer particularly when using the 
capsule-sparing technique that is blind to joint anatomy. 

 The cervical facet joint is surrounded by soft tissue, in-
cluding fascia, ligaments, and muscle fi bers, which make 
dissection and identifi cation of its orientation cumbersome. 
The fi ndings from the pressure and tracing papers ( Figure 3 ) 
illustrate that the intact capsule does obstruct the direct visu-
alization of the articular surface orientations, preventing any 
direct validation that the probe is in contact with the articular 

also be related to the resolution of the transducer. This hy-
pothesis was supported by the fi nding that there was only a 
partial overlap detected between the location of the probe tip 
on the articular cartilage and the region of articular contact 
during extension using the Fuji paper ( Figure 3B ). 

 The local mechanical environment at the point(s) of con-
tact in the joint can also infl uence the probe’s output. For ex-
ample, the difference in the experimental pressures measured 
in the surrogate trials may refl ect a settling of the probe tip in 
the material covering the articular surface. Compliance of this 
material under sequential testing could have caused the 40% 
decrease in maximum pressure detected in the second and 
third trials with the surrogate ( Figure 2 ,  Table 1 ). This dis-
crepancy could also be partially attributed to the probe’s an-
gular orientation relative to the contacting surface and infl u-
ences of that contact orientation on probe outputs ( Figure 4 ). 

 The extension moment applied to the surrogate was small 
in comparison to the range of moments applied to the ca-
daveric motion segments. The discrepancy between the ex-
perimental and theoretical pressures obtained at those small 
moments in the surrogate testing ( Figure 2 ) could likely be 
much larger for greater moments applied to the surrogate. 
However, in those cases the divergence could also be affected 
by response of the materials, which were used to constitute 
the surrogate. Therefore, the comparison between the theo-
retical and experimental pressures developed during sagittal 
bending in the surrogate tests may be considered more mean-
ingful at small moments. Also, the application of these small 
sagittal moments permitted the evaluation of the repeatability 
and resolution (0.3 psi) of the pressure transducer ( Figure 2 ). 

 The mapping of joint surfaces from the Fuji paper study 
( Figure 3A ) is the fi rst to investigate the contact pressure de-
veloped in the cervical facet joint during extension in an ex-
perimental set-up using human models. In this study, articular 
contact was found to be concentrated along the posterolateral 
edges of the facet, which is consistent with fi ndings predicted 
using fi nite element modeling of the cervical spine facet joint 
in extension  25   and reported for the lumbar spine.  26   This same 
region of articular contact was also monitored for the sur-
rogate motion segment in extension ( Figure 3B ). Since the 

  Figure 3.    Superimposed contact regions of the probe 
tip mark (black) superimposed on the pressure-sensi-
tive Fuji paper showing joint contact for each of the C4/
C5 cadaveric specimen ( A ) and the surrogate ( B ) after 
applied extension. The contours tracing the lateral joint 
line and reference marks are indicated. Also evident 
are the location of the probe tip (darker imprint) and 
the contact regions made by the articular surface con-
tacts (lighter gray areas within joint).  

 Figure 4.    Average ( ± SD) pressure increase from initial contact with 
cadaveric articular facet joint surfaces for two orientations (angle  α ) of 
the probe relative to the contact surface.  
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8%.  10   ,   11   ,   29   Therefore, a tip-mounted pressure transducer of-
fers the possibility for a less invasive and relatively similarly 
accurate approach to measure facet contact pressure as do 
pressure fi lms. There is a drawback with using the pressure 
transducer that was employed in this investigation since it is 
designed for making measurements in fl uids, which makes the 
output signal highly dependent on the probe position and ori-
entation relative to the articular surface of the facet joint. 

 Further studies are needed to evaluate and design mini-
mally-invasive orientation independent pressure transducers. 
Such studies will enable the enhancement and application of 
this technique in more complicated cadaveric systems where 
capsular disruption would generate hypermobility or instabil-
ity of the probed joint, particularly when larger or dynamic 
loading conditions are applied. Unlike pressure-sensitive fi lm 
that provides spatial maps of the pressure in the joint,  11   ,   26   a 
capsule-sparing technique for joint contact pressure provides 
measurements only at one position, but this can be managed 
if the probe is positioned where the facet joint contact occurs 
or in specifi c regions of interest for particular applications. 

 The use of this probe technique is repeatable and can 
offer an easy-to-use, effi cient, and adaptable approach to 
measure temporal pressure profi les in joints without altering 
their anatomy. However, future studies using this probe tech-
nique should more fully evaluate this. A recent pilot study 
using cadaveric motion segments documented that the exten-
sion rotation was not signifi cantly altered by the probe in-
sert and/or capsule transection.  30   Future investigations using 
this probe technique can provide  in vitro  facet joint contact 
pressure values that are needed to validate and augment fi nite 
element modeling.  31   ,   32   Nonetheless, the fi ndings from these 
studies identify several factors that infl uence or limit the per-
formance of pressure measurement in the spinal facet joints. 
Despite its limitations, a tip-mounted probe does provide con-
tinuous, temporal monitoring of the local pressure that can be 
used without altering the joint’s overall mechanical response. 
Through material improvement and the use of imaging tech-
niques, the factors infl uencing an objective measurement of 
the contact pressure in the cervical facet can be appropriately 
controlled.   

cartilage when inserted in the intact joint. This limitation may 
prevent the insertion of probes with optimally oriented posi-
tions with regard to placement and orientation with respect 
to the articular surface. However, this issue can be readily 
circumvented using imaging techniques such as fl uoroscopy. 
This optical method could identify the best location to insert 
the probe  via  the posterior approach in the rostral pillar and 
also to clarify the thickness of the facet pillar through which 
the hole must be drilled. Imaging can also provide informa-
tion about the general orientation of the joint articulations. 
Knowing this specifi c anatomy is imperative for using this 
type of probe, since it must be inserted perpendicular to the 
articular surface in order to optimize the measured pressure 
signal. As demonstrated by the pressure data from the orien-
tation study, this tip-mounted probe is sensitive to its orienta-
tion relative to the articular surface ( Figure 4 ). The probe only 
measured pressure variations in the most vertical orientations 
when compressed against articular surfaces. 

 In addition to joint anatomy, the design of the probe and 
the condition of the cartilage layer can infl uence the pressure 
signal. These factors may explain the discrepancy between 
the pressure magnitudes measured when compressing the 
left and right facets in the orientation study ( Figure 4 ). The 
sensing membrane in this type of probe is not located at the 
very tip of the metallic shaft, but is recessed by 0.25 mm from 
the end. Therefore, the end of the probe must fi rst penetrate 
the cartilage layer of the opposite articular surface in order 
for there to be contact between the cartilage and the sensing 
membrane. When the probe is 5 °  off of perpendicular it can 
penetrate the cartilage layer deeper under compression than 
when it is completely perpendicular to the articular surface 
and increase the likelihood for contact with the sensing mem-
brane. However, this design with a recess protects the sensing 
membrane and can reduce, or even prevent, contact with the 
opposite surface if the cartilage layer on the opposing sur-
face is too thin. For that case, the metallic end of the probe 
would actually go through the thin cartilage layer and sit on 
the subchondral bone, but the thin cartilage layer would be 
insuffi cient to engage the sensing membrane. The dependence 
of the probe’s signal on its orientation relative to the articular 
surface and the reduction of contact caused by the protective 
recess suggest that this particular probe may not be the most 
appropriate for this application. The results also indicate that 
this type of contact measurement should be employed with 
care in facet joints with deteriorated cartilage layers. Imaging 
would also help to select specimens that present nondegener-
ated articular surfaces. 

 The tip-mounted pressure transducer used in this investiga-
tion has an accuracy ( ± 0.1%) and a repeatability ( ± 0.5%)  16   ,   18   
similar to other miniature transducers employed to measure 
intervertebral disc pressure in cadaveric specimens.  19   The 
accuracy of pressure-sensitive paper fi lms depends on the 
load applied; Fuji paper is  ± 15% inaccurate since it over- and 
underestimates low and high contact pressures by 41% and 
5%, respectively.  27   In contrast, the more-expensive and larger 
TekScan  fi lms (TekScan; South Boston, MA) overestimate 
pressure by up to 4%  27   ,   28   and have a repeatability error of 

  ➢  Key Points    

         Current methods using pressure-sensitive papers to 
measure contact pressure in the spinal facet joint 
require capsulotomy that alters the joints mechanics.  

          A capsule-sparing technique for facet pressure mea-
surement with a tip-mounted probe was evaluated in 
cadaveric specimens.  

          Probe position and orientation relative to the articu-
lar surface, and probe design infl uence the pressure 
measurements.  

          Articular surface contact occurs mainly in the pos-
terolateral region of the facet in a cervical spinal 
motion segment under extension.    
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