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bstract

ackground: An artificial disc prosthesis is thought to restore segmental motion in the lumbar spine. However, it is reported that disc
rosthesis can increase the intervertebral translation (VT). The concept of the mobile-core prosthesis is to mimic the kinematic effects of
he migration of the natural nucleus and therefore core mobility should minimize the VT. This study explored the hypothesis that core
ranslation should influence VT and that a mobile core prosthesis may facilitate physiological motion.

ethods: Vertebral translation (measured with a new method presented here), core translation, range of motion (ROM), and distribution
f flexion-extension were measured on flexion-extension, neutral standing, and lateral bending films in 89 patients (63 mobile-core [M]; 33
xed-core [F]).
esults: At L4-5 levels the VT with M was lower than with F and similar to the VT of untreated levels. At L5-S1 levels the VT with M
as lower than with F but was significantly different compared to untreated levels. At M levels a strong correlation was found between VT

nd core translation; the VT decreases as the core translation increases. At F levels the VT increases as the ROM increases. No significant
ifference was found between the ROM of untreated levels and levels implanted with either M or F. Regarding the mobility distribution
ith M and F we observed a deficit in extension at L5-S1 levels and a similar distribution at L4-5 levels compared to untreated levels.
onclusion: The intervertebral mobility was different between M and F. The M at L4-5 levels succeeded to replicate mobility similar to
4-5 untreated levels. The M at L5-S1 succeeded in ROM, but failed regarding VT and mobility distribution. Nevertheless M minimized
T at L5-S1 levels. The F increased VT at both L4-5 and L5-S1.
linical Relevance: This study validates the concept that the core translation of an artificial lumbar disc prosthesis minimizes the VT.
2009 SAS - The International Society for the Advancement of Spine Surgery. Published by Elsevier Inc. All rights reserved.

eywords: Lumbar segmental motion; Mobile-core prosthesis; Fixed-core prosthesis; Translation measurement method
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The goal of the lumbar disc prosthesis is to restore
hysiological segmental motion at the operative levels,

* Corresponding author: Joël Delécrin, MD, University Hospital –
rthopedic, Orthopedie Hotel Dieu CHU, Nantes 44093, France;
hone: 33 2 40 08 48 60; Fax: 33 2 40 08 49 08.
mE-mail address: joel.delecrin@chu-nantes.fr

935-9810 © 2009 SAS - The International Society for the Advancement of Spin
oi:10.1016/j.esas.2009.09.001
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nd consequently, to prevent posterior facet degradation
nd adjacent segment disease. However, it is reported
hat disc prosthesis placement could provide unnatural
inematics including a decrease of sagittal range of mo-
ion,1,2 a disturbance of flexion-extension distribution,1

nd also an abnormal increase of axial rotation.3,4 Some
uthors5 reported an increase of the intervertebral trans-
ation (VT) during flexion-extension, which consequently

ay increase load on the facet joints and may generate

e Surgery. Published by Elsevier Inc. All rights reserved.
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rthritic progression. This report5 involved different
rosthesis designs providing different amounts of excess
T occurring with sagittal rotation.
There are several total disc replacements that have been

esigned and are in various stages of testing and clinical
se.6,7 Among the different designs is the mobile-core pros-
hesis. The concept of the mobile-core prosthesis is to
imic the kinematic effects of the migration of the natural

ucleus. The mobile-core designs do not constrain the cen-
er of rotation to a fixed point. The locus of points that
efine the different instantaneous centers of rotation can be
heoretically replicated. Therefore, core mobility should
inimize the VT because the natural migration of the nu-

leus minimizes the VT and core mobility replicates the
atural migration of the nucleus.

For the fixed-core designs, meaning ball-and-socket con-
gurations, the center of rotation is fixed and corresponds to

he geometric center of the ball. The amount of VT occur-
ing with rotation in the sagittal plane depends on the radius
f curvature of the ball. In the frontal plane (during lateral-
ending), frontal rotation and axial rotation and axial VT are
oupled as the axial center of rotation is posterior to the disc
pace close to the facet joints.8 With core-translation (al-
owing axial VT), the coupled motion of frontal rotation and
xial rotation should be facilitated

The goal of this study was to assess the concept that
ore translation in a lumbar artificial disc should influ-
nce VT and may facilitate physiological intervertebral
obility replication in both the sagittal and frontal

lanes. Radiologic intervertebral motion characteristics
f levels implanted with mobile-core prosthesis were
ompared to (a) levels treated by fixed-core prosthesis,
b) to adjacent untreated levels, and (c) to normative data
rom literature.9

aterials and methods

Radiologic assessment was performed in 63 patients who
eceived at a single level (L4-5 or L5-S1) a mobile-core
rosthesis (Mobidisc; LDR Médical, Troyes, France) and in
3 patients who received a fixed-core prosthesis (Pro-
isc-L; Synthes Spine, West Chester, Pennsylvania). The
ean duration of follow-up was 30 months for the mobile-

ore prosthesis group and 25 months for the fixed-core
rosthesis group. Both devices feature a core made of poly-
thylene and cobalt-chrome metal endplates.

Sagittal VT, core translation, sagittal and frontal range of
otion (ROM), and distribution of flexion-extension were
easured on flexion-extension, neutral standing, and lateral

ending films. The analysis of X-rays was computer-as-
isted (SpineView software; SurgiView, Paris, France).5

he measure of the translation of the mobile-core was
ossible because of the presence of a metal marker inserted
nside the core. A method of sagittal VT measurement
dapted from the Frobin’s method9 was developed to opti-

ize the accuracy of the measurements. Metal markers (eg, d

http://ijssurgery.coDownloaded from 
he edges of the prosthesis endplates) were used instead of
he bony landmarks. The middles of the vertebral bodies
ere substituted by the middles of the prosthesis endplates

Fig. 1) and the intervertebral translation was assimilated to
he translation between the superior and inferior prosthesis
ndplates. The incidence (orthogonal) was maintained be-
ween flexion-films and extension films, and therefore the
ength of the keels (easy to measure on the sharp teeth)
hould be the same. If not, the sagittal dynamic X-rays were
ot included in the analysis.

In the standard Frobin’s method,9 VT is expressed as a
ercentage of the vertebral endplate per degree of rotation.
n our study, as the sizes of the prosthesis were known,
ixels could be calibrated and VT was able to be expressed
n millimeters. With regard to normative data from litera-
ure,9 which were given in percentage, VT was transformed
o millimeters using the mean value of the endplate length
f vertebrae implanted in our study (33 mm). Normal values
ere obtained from radiographs of 61 symptom-free volun-

eers. All the results of VT were adjusted to 10° of ROM in
rder to be able to compare the amount of VT between each
roup for the same ROM.

Special radiologic incidence was used to try to assess
he axial VT at levels implanted with mobile-core pros-
hesis (Fig. 2) because frontal rotation during lateral
ending includes an axial rotation component, and there-
ore axial VT (achieved by mobile core translation) could
e observed.

To evaluate reproducibility in the VT measurement, 36
exion-extension films were analyzed by 3 different observ-
rs. Interobserver reliability of the VT measurement method
as assessed by calculating the intraclass correlation coef-
cient (ICC).10 To approximate the interobserver precision,

he difference between the measurements of the 3 observers
as determined for each measurement occasion. The stan-
ard deviation of these differences were calculated (N �
6 � 3). Precision was defined as the mean of the absolute

ig. 1. Sagittal vertebral translation measurement method. (A) The well-
ccepted method of Frobin was adapted (B) to total disc arthroplasty. Metal
arkers (the edges of the prosthesis endplates) were used instead of the

ony landmarks. The middle of the vertebral bodies (C1 and C2) were
ubstituted by the middle of the prosthesis endplates. The intervertebral
ranslation (TV) was replaced by the translation between the superior and
nferior prosthesis endplates.
ifferences between measurements.11
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esults

agittal plane

The assessment of the reliability of the VT measurement
ethod developed in this study shows that there was no

ignificant difference between the 3 observers (P � .001)
nd that the level of agreement was rather high as the ICC
as 0.908. The interobserver precision corresponding to the
ean absolute difference between observers was 0.2 mm.
Table 1 reports the VT at different levels with different

onfigurations. At L4-5 levels the VT with a mobile-core
�1.1 mm) was significantly lower than with a fixed-core
�1.74 mm) and similar to the VT of untreated levels (�1.2
m) and normal levels (�1.03 mm). At implanted L5-S1

evels the VT with a mobile-core (�0.79 mm) was still
ignificantly lower than with a fixed core (�1.58 mm) but
as also significantly different than untreated levels (�1.07

ig. 2. Axial translation between mobile-core prosthesis endplates during
ateral bending. (A) Antero-posterior oblique incidence was developed to
btain an equivalence of superior view of the prosthesis endplates (B) in
he right and (C) the left lateral bending. (D) (E) An other example with an
ncrease of contrast to better differentiate the superior endplate from the
nferior endplate to illustrate the axial translation between the two end-
lates.
m) and normal levels (�0.03 mm). The VT at L4-5 levels f

http://ijssurgery.coDownloaded from 
ith mobile-core was significantly higher (in absolute
alue) than VT at L5-S1 levels with mobile core (P � .002).
ith the fixed-core prosthesis, the VT was higher than

ither the normal levels (significantly P � .001) or untreated
evels (not significantly P � .08). Overall, the mobile-core
rosthesis better replicated normal spine VT compared to
he fixed core prosthesis.

The mean core translation was calculated by cumulating
4-5 and L5-S1 implanted levels and 1.12 � 0.8 mm. No

elation was found between the amount of core translation
nd the postoperative implanted segment lordosis (Fig. 3).

At levels implanted with a mobile-core prosthesis no
orrelation was found between VT and ROM nor between
ore translation and ROM. A strong correlation was found
etween VT and core translation; the VT decreases as the
ore translation increases (r � .7619; P � .0001) (Fig. 4).
t levels implanted with a fixed-core prosthesis the VT

ncreases as the ROM increases (P � 0.05) (Fig. 5).
Sagittal ROM and mobility distribution are reported in

igure 6. The ROM at levels implanted with a mobile-core
rosthesis were higher (but not significantly) at both L4-5
nd L5-S1 levels compared to levels implanted with a fixed-
ore prosthesis: 10.3° � 5 and 6.9° � 3.5 at L4-5 levels and
.9° � 3.9 and 6.4° � 3.8 at L5-S1 levels. No significant
ifference was found between the ROM of untreated levels
nd levels implanted with a mobile-core prosthesis. Regard-
ng the mobility distribution at L4-5 and L5-S1 implanted
evels compared to normal levels, we observed a deficit
redominating in extension for both the mobile-core and the
xed-core prosthesis. In opposition, a similar distribution
as observed between L4-5 untreated levels and L4-5 levels

reated with a mobile-core prosthesis (without deficit in
xtension).

rontal plane

The special incidence used to assess axial VT of the
rosthesis endplates is shown in Figure 2. Axial VT seemed
o be obvious in a few cases, but overall the small range of
egmental axial VT prohibited measurements. Furthermore,
he frontal translation of the core was also not measurable in
his plane because of the combined axial rotation which
enerated errors in the location of the metal marker inside
he core. However, some X-rays seemed to show the frontal
isplacement to the metal marker (Fig. 7). The mean frontal
OM were 4.15° � 2.8 at L4-5 and 3.01° � 2.5 at L5-S1

evels implanted with a mobile-core prosthesis. On lateral
ending we observed, in a few cases, where segmental
ilting in the frontal plane at the implanted level was oppo-
ite to the whole of the lumbar spine (Fig. 7). At levels
mplanted with a mobile-core prosthesis no correlation was
ound between sagittal core translation and frontal ROM.

iscussion

This study revealed that intervertebral mobility was dif-

erent between levels implanted with a mobile-core than
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ith a fixed-core prosthesis and validated the concept that
he prosthesis core translation better replicates normal ver-
ebral translation.

The main results of the current study focusing on VT are
ased on an adaptation of the well-accepted Frobin’s method to
otal disc arthroplasty. The adapted method provided a high
ccuracy (0.2 mm of interobserver precision) and a strong
eliability (ICC � 0.908) as the metal landmarks substituted by
ony landmarks are accurate. Other authors reached the same
ccuracy for sagittal translatory motion (0.2 mm) with a very
recise technique: roentgen stereophotogrammetric analy-
is.12,13 Also, Ordway et al. applied this technique to measure
otion following intervertebral disc replacement with an ac-

able 1
ertebral translation at normal levels (data from literature), untreated leve

mplanted levels

evels L2-3 L3-4

ormal �1.07 � 0.46 �1.22 � 0.60
n � 59 n � 58

ntreated �1.15 � 1.12 �1.29 � 1.02
n � 36 n � 41

obile-core

ixed-core

ifference*
between
groups

N versus U N versus U
NS NS

bbreviations: n, number of cases available; N, normal levels; U, untreated
ignificant (P � .05).
* The Wilcoxon test was used to compare U and M and F. The Student’s t

in millimeters for 10° of range of motion. Means � standard deviatio

ig. 3. Relation between core translation (in millimeters) and implanted

egment lordosis (in degrees) with mobile-core prosthesis. t

http://ijssurgery.coDownloaded from 
uracy of 100 micrometers in translation.14 This work, analyz-
ng the VT of a fixed-core prosthesis, revealed an increase
ompared to normal physiology: 2.4 mm for 6.3° of ROM.14

he metal markers implanted for the roentgen stereophoto-
rammetric method could correspond to the sharp metal angu-
ar limits of the endplates and keels of the disc prosthesis. The
rinciple to use the metal limits of prosthesis as markers to

w or above treated levels), mobile-core implanted levels and fixed-core

L5-S1 Difference* between levels

� 0.48 �0.03 � 0.97
9 n � 37
� 1.28 �1.07 � 1.61

9 n � 17
� 0.59 �0.79 � 0.44 ML4L5 versus ML5S1

1 n�35 p � 0.002
� 0.71 �1.61 � 0.45 FL4L5 versus FL5S1

5 n � 18 NS
sus U N versus U

P � .02
sus M N versus M

P � .001
sus F N versus F
01 P � .001

sus M U versus M
P � .001

sus F U versus F
P � .08 P � .001
sus F M versus F
01 P � .001

; M, mobile-core implanted levels; F, fixed-core implanted levels; NS, not

used to compare N to all the other levels. Vertebral translation is expressed
own.

ig. 4. Relation between core translation (in millimeters) and vertebral
ranslation (in millimeters) with mobile-core prosthesis. The vertebral
ls (belo

L4-5

�1.03
n � 4
�1.20
n � 2
�1.10
n � 2
�1.74
n � 1
N ver
NS
N ver
NS
N ver
P � .0
U ver
NS
U ver
NS
M ver
P � .0

levels

est was
ranslation decreases as the core translation increases.
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ncrease the accuracy of the measurements was also validated
n the assessment of ROM of total disc replacement.11,15

The VT (adjusted to 10° of ROM) of L2-3 and L3-4 and
4-5 untreated levels in the present study were similar to
orresponding reference normal levels9 and to untreated
evels as reported in other studies.1 This suggests that un-
reated levels could be used as reference levels to compare
he treated levels within the same population.

At mobile-core implanted L4-5 levels, the VT can be
escribed as “physiologic” because no significant differ-
nces were found in comparison to the VT of untreated
evels and normal levels. At mobile-core implanted L5-S1
evels, VT was significantly different than either untreated
5-S1 levels or normal L5-S1 levels. Thus, at the L5-S1

evel the mobile-core disc implantation failed to restore
hysiologic VT. Finally, mobile-core L4-5 VT was signif-

ig. 5. Relation between vertebral translation (in millimeters) and ROM
in degrees) with fixed-core prosthesis.

ig. 6. Range and distribution of motion at L5-S1, L4-5, and L3-4 levels f
ith a mobile-core prosthesis, and implanted with a fixed-core prosthesis le
ange of motion in flexion and in extension (lightest gray area) are differentiated

http://ijssurgery.coDownloaded from 
cantly higher than the mobile-core L5-S1 VT as in physi-
logy (normal L4-5 VT is higher than normal L5-S1 VT).9

Comparison with the fixed-core prosthesis revealed that,
t both L4-5 and L5-S1 levels, VT with mobile-core pros-
hesis was significantly lower. Furthermore, fixed-core VT
as also higher at both L4-5 and L5-S1 levels compared to

al (data from literature), untreated (adjacent to treated levels), implanted
or untreated levels and implanted levels with a mobile-core prosthesis, the

ig. 7. Two examples of lateral bending assessment with mobile-core
rosthesis showing two different tilting directions at implanted levels
ompared to the tilting direction of the whole lumbar spine. (A) An
perated segment tilting opposite to the whole lumbar spine tilting and
B) in the same direction. Blue arrow indicates the metal marker inside the
ore. Lateral bending films (A) and (B) also illustrate two different frontal
isplacements of the metal marker.
or norm
vels. F
.
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ormal levels (significantly) and untreated levels (signifi-
antly only at the L5-S1 level). Finally, no differences were
bserved between VT at L4-5 land L5-S1 levels implanted
ith a fixed-core prosthesis. Consequently, it can be con-

luded that a fixed-core prosthesis did not replicate physi-
logic VT at any level. Long-term clinical consequences of
he increase VT on facet joints after total disc replacement
s still questionable.6,16 Most of the papers describe an
ncreased of the facet loads after total disc replacement but
ith some contrasting results.6,7 Moumene et al. reported in

n experimental work that a mobile-core prosthesis reduced
acet loading compared with a fixed-core design.17

This study showed that the majority of the core was effec-
ively mobile. A mean amount of motion equal to 1.12 � 0.8
m was observed for a design that allows 2.5 mm multidirec-

ional translation between flat surfaces of the inferior part of
he core and the superior part of the inferior prosthesis end-
late. Translation is limited because of the presence of stops at
he level of the inferior prosthesis endplate. The translation of
he core did not appear to be affected by the postoperative
reated segment lordosis. The strong correlation found between
T and core translation was that the VT decreases as the core

ranslation increases. This demonstrated that the core mobility
inimizes the intervertebral mobility. Also, this study con-
rmed that core mobility allowed a moving center of rotation
uring flexion-extension intervertebral motion, as expected.
urthermore, the absence of relation between VT and sagittal
OM indirectly confirmed that the axis of rotation moved
uring the flexion-extension intervertebral displacement. The
T increased proportionally to the ROM with a fixed-core
rosthesis, which is logical because the center of rotation is
xed.

The reported amount of ROM at treated levels after total
isc replacement is indeed variable among the literature.6 Nev-
rtheless, in the current study no statistical difference was
bserved between treated levels (either with a mobile-core or a
xed-core prosthesis) and untreated levels which could be
stablished as a reference. However, if the reference is the
opulation called normal composed of healthy symptom free
olunteers results exhibited a decrease in ROM.9 Again, adja-
ent untreated levels in the same population seem to be a better
dapted reference as this population generally still continue to
eel some low-back pain after surgery and still fair well to
erform maximum flexion and extension during the dynamic
lm procedure. Also, regarding the mobility distribution, in-

erpretation depends on the reference population. At L4-5 and
5-S1 implanted levels, compared to normal distribution, we
bserved a deficit predominating in extension for both the
obile-core and the fixed-core prostheses. This deficit in ex-

ension with respect to normal distribution appeared stronger at
he L5-S1 level. Some authors found an opposite deficit in
exion with the same type of fixed-core prosthesis at the L4-5

evel and a deficit in extension as well as in flexion at the
5-S1 level.1 The design appears to be not the only parameter
hich systematically influences the domain of deficit in mo-
ion distribution. d

http://ijssurgery.coDownloaded from 
In contrast, in the current study a similar distribution was
bserved between L4-5 untreated levels and L4-5 levels
reated with the mobile-core prosthesis. With regard to ref-
rence population comparison with other works of our un-
reated levels, motion distribution revealed similar distribu-
ion at adjacent levels L3-4 and L2-3.1 At all levels qualified
s untreated from L2 to S1 the disc were nonpathologic,
hich supports the principle to choose untreated levels as

eference levels.
Axial VT seemed to be obvious on some special radio-

ogic incidences (Fig. 2) but it happened in few cases and
he small range of segmental axial VT prohibited measure-
ents. Furthermore, the frontal translation of the core was

lso not measurable in this plane because of the combined
xial rotation which generated errors in the location of the
etal marker inside the core. However, some X-rays

eemed to show the frontal displacement of the metal
arker (Fig. 7). Lateral bending films were only available

or the mobile-core prosthesis. The mean frontal ROM were
.2° � 2.8 at L4-5 and 3.0° � 2.5 at the L5-S1 levels
mplanted with the mobile-core prosthesis. On lateral bend-
ng, segmental paradoxical frontal motion was observed in
ew cases: the segmental frontal tilting at the implanted
evel was opposite to the whole tilting of the lumbar spine
Fig. 7). Finally, no correlation was found between frontal
OM and sagittal core translation.

Cadaveric and clinical studies showed that the lateral
ending is a complex motion accompanied by axial rotation
oupled to axial translation and sagittal flexion.4,8,18 The
oncept of the mobile-core postulates that the possibility of
ultidirectional translation for the core should facilitate the

ateral bending because axial VT is permitted.
Our study confirmed the possibility of axial VT between

he two prosthesis endplates but failed to quantify it because
f the coupling 3D motions. The quantification of the core
ranslation in the frontal plan was also not possible because
f the coupling 3D motions providing errors in image anal-
sis. In theory, frontal ROM and axial VT should be related:
hen frontal ROM increases axial VT should increase. As

xial core translation was not measurable, a relation was
ought between frontal ROM and sagittal core translation
ith the hypothesis that more mobility of the core in the

agittal plane could be related to more mobility in the
rontal plane. No relation was found.

Few papers deal with frontal ROM restoration after total
isc replacement.14,19 Compared to normal physiology
mean frontal ROM: 8.3°)20, mainly decreased frontal ROM
as observed after total disc replacement.14,19 Comparing
ith other studies, frontal ROM of the mobile-core pros-

hesis of the present study (4.2° at L4-5 levels and 3° at
5-S1 levels) were slightly higher than the amount reported
y Ordway et al.14 with a fixed-core prosthesis (between 3°
nd 4° at L4-5 levels and around 1° at L5-S1 levels) and
lightly lower than those reported by Lemaire et al.19 with a

ifferent type of mobile-core prosthesis design (mean 5.4°).
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onclusion

This in vivo study revealed that intervertebral mobility was
ifferent between levels implanted with a mobile-core prosthe-
is than with a fixed-core prosthesis. This study proposes to
hoose the healthy adjacent untreated levels within the same
perated population as the reference lumbar segments. The
obile-core prosthesis at L4-5 levels succeeded to replicate
obility similar to L4-5 untreated levels including VT, sagittal
OM, and mobility distribution but failed at L5-S1 levels

egarding VT and mobility distribution. These conclusions
uggest that the L5-S1 level could need a specific disc arthro-
lasty design. Nevertheless, core mobility minimized VT even
t L5-S1 levels. The fixed-core prosthesis increased VT at both
4-5 and L5-S1 levels. The long-term consequences of the
iffering kinematics (including the increase of VT) on clini-
ally important outcomes such as low-back pain and facet
rthritis have yet to be determined.

xtended references

obility of lumbar segments instrumented with a ProDisc II prosthe-
is – A two-year follow-up study.

eivseth G, Braaten S, Frobin W, Brinckmann P.

TUDY DESIGN: Longitudinal prospective study on a
ample of 41 consecutive disc prosthesis patients, covering

postoperative time period of at least 2 years. OBJEC-
IVES: To document the rotational and translational range
f segmental motion of patients instrumented with ProDisc
I prostheses in the lumbar spine and to compare motion
etween instrumented and untreated adjacent segments with
espect to a normative database. To discuss potential causes
f the low range of rotational motion observed after instru-
entation with a Prodisc II prosthesis. SUMMARY OF
ACKGROUND DATA: Disc replacement is intended to

estore physiologic motion and height of the affected levels.
ublished reports show, however, that the goal of restoring
otion at the operated segment is missed in the majority of

ases. The cause of this failure is unresolved. METHODS:
otational and translational segmental motion in the sagittal
lane, disc height, and posteroanterior displacement were
easured from lateral radiographic views taken standing

before surgery) and in flexion and extension (1 year and 2
ears after surgery) by Distortion Compensated Roentgen
nalysis (DCRA). The protocol permits to take measure-
ents from all segments imaged on the radiographic views

nd compensates for variations in stature, magnification,
nd posture. Data from instrumented and untreated seg-
ents can be compared and related to a previously deter-
ined normative database. RESULTS: The rotational range

f motion of segments instrumented with a ProDisc II pros-
hesis was low, especially at L4-L5 and L5-S1. In the
ajority of cases, it amounted to less than 45% of the

ormal range. Virtually no improvement occurred between
and 2 years after surgery. Malalignment of the axis of
otation of the prosthesis with respect to the anatomic axis, R

http://ijssurgery.coDownloaded from 
ersisting clinical symptoms, or the significant increase of
ntervertebral space documented after instrumentation are
nlikely to cause the low range of motion. As the range of
otational motion of the untreated segments was low with
espect to normal as well, it is conjectured that tissue adap-
ation during the preoperative symptomatic time period
ight have caused the postoperative motion deficit. This

onjecture complies with fragmentary previous observa-
ions of a low postoperative segmental range of motion from
ntreated segments of fusion patients. CONCLUSIONS:
isc replacement in the lumbar spine by a ProDisc II im-
lant fails to restore normal segmental rotational motion in
he sagittal plane, specifically at levels L4-L5 and L5-S1. As
egmental motion of the untreated segments was lower than
ormal as well, though not quite as conspicuous as that of
nstrumented segments, adaptation of soft tissue taken place
uring the preoperative symptomatic time period is conjec-
ured to cause the observed motion deficit. Postoperative
hysical therapy might be considered if restoration of a
ormal range of rotational motion is desired.

otal disc arthroplasty: consequences for sagittal balance and lumbar
pine movement.

ournier C, Aunoble S, Le Huec JC, Lemaire JP, Tropiano P, Lafage V,
kalli W.

his in vivo biomechanical study was undertaken to analyze
he consequences for sagittal balance and lumbar spine
ovement in three different lumbar disc prostheses. A total

f 105 patients underwent total disc replacement in three
ifferent centers. The Maverick prosthesis was used in 46
atients, the SB Charité device was used in 49 patients and
he Prodisc device was utilized in 10 patients. The analysis
as computer assisted, using Spineview and Matlab soft-
ares. The intra and inter-observer reliability and measure-
ent uncertainty was performed. The analysis of lateral
-ray films in flexion-extension allowed to measure the
rosthesis positioning, the range of motion (ROM), the
ocalization of the mean center of rotation (MCR), the
ertebral translation and the disc height, for each prosthesis
evice. The sagittal balance was analyzed on a full spine
lm. The parameters studied were described by Duval-
eaupère. The results were compared to the data found in

iterature, and compared to 18 asymptomatic volunteers,
nd 61 asymptomatic subjects, concerning the sagittal bal-
nce. The prostheses allowed an improvement of the ROM
f less than 2 degrees. The ROM of L5-S1 prostheses
anged from 11.6 to 15.6% of the total lumbar motion
uring flexion-extension. At L4-L5 level, the ROM de-
reased when there was an arthrodesis associated at the
5-S1 level. There was no difference of ROM between the

hree prostheses devices. The MCR was linked to the ROM,
ut did not depend on the prosthesis offcentering. The disc
eight improved for any prosthesis, and decreased in flexion
r in extension, when the prosthesis was offcentered. An
ncrease of translation indicated a minor increase of the

OM at L4-L5 level after Maverick or SB Charité implan-
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ation. The L5-S1 arthrodesis was linked with an increase of
he pelvic tilt. The lumbar lordosis curvature increased
etween L4 and S1, even more when a prosthesis was
laced at the L3-L4 level. Total disc arthroplasty is useful in
he surgical management of discogenic spinal pathology.
he three prostheses studied allowed to retorate the disc
eight, the ROM, without disrupting the sagittal balance,
ut induced modification of the lumbar curvature.

recision measurement of disc height, vertebral height and sagittal
lane displacement from lateral radiographic views of the lumbar
pine.

robin W, Brinckmann P, Biggemann M, et al.

BJECTIVE.: To compile a database of disc height, vertebral
eight and sagittal plane displacement from lateral radio-
raphic views of the lumbar spine, valid for male and female
ubjects in the age range 16–57 years. The protocols used to
easure these parameters compensate for distortion in central

rojection, off-centre position, axial rotation and lateral tilt of
he spine as well as for variation in radiographic magnification
nd stature. STUDY DESIGN.: The study comprised design-
ng and testing of measurement protocols, together with sub-
equent data collection from archive radiographs. BACK-
ROUND.: Attempts to quantify primary mechanical damage

o lumbar vertebrae and discs have been limited due to impre-
ision when measuring disc height, vertebral height and sag-
ttal plane displacement. Age-related, normative values for
hese parameters were not previously available. Consequently,
mportant issues like the effectiveness of past and present
uidelines for safe manual handling with respect to prevention
f overload injuries could not be resolved and judgement on
athological alterations in the morphology of the individual
umbar spine could only be performed in a qualitative, subjec-
ive manner. METHODS.: Based on the analysis of vertebral
ontours in the lateral radiographic image of the lumbar spine,
ew protocols for measuring disc height, vertebral height and
agittal plane displacement were developed. The measured
ata are virtually independent of distortion, axial rotation and
ateral tilt. Furthermore, description of height and displacement
sing dimensionless parameters guarantees independence of
adiographic magnification and stature. Subjective influence in
he measurement procedure was minimized by automatic com-
utation of contour-landmarks and derived parameters. Mea-
urement errors were assessed from sets of radiographs of
pine specimens and serial flexion-extension radiographs; in-
erobserver and intraobserver errors were assessed from re-
eated measurements of lateral views. For compilation of a
atabase, measurements were performed of a set of 892 lateral
iews of the lumbar spine of male and female subjects between
6 and 57 years of age. Data from pathologically deformed
ertebrae or discs, or from motion segments exhibiting spon-
ylolisthesis or retrolisthesis were excluded by normal radio-
ogical inspection; data from spines showing normal, age-
elated degenerative changes were included. RESULTS.: The
ew protocols allow height and displacement of lumbar ver-

ebrae as well as height of lumbar discs to be measured for all o

http://ijssurgery.coDownloaded from 
otion segments on a lateral view, rather than just those
ertebrae or discs close to the central beam, to facilitate rec-
gnition of localized abnormalities. Since the results are inde-
endent of exposure geometry, retrospective investigations are
easible. The relative measurement error in vertebral height
mounts to 2.2%; for a vertebra of 30 mm height this corre-
ponds to an error of approximately 0.7 mm. The error in
agittal plane displacement amounts to 0.015 (measured in
nits of mean vertebral depth); for a vertebra of 35 mm depth
his corresponds to an error of 0.5 mm. The relative error in
isc height amounts to 4.15%; for a disc of 10 mm height this
orresponds to an error of approximately 0.5 mm. For both
enders, the database contains age-dependent, normative val-
es of disc height, vertebral height and sagittal plane displace-
ent. In addition, the database describes intersegmental shape

orrelation, i.e. the relation between height of neighbouring
iscs and between height as well as displacement of neigh-
ouring vertebrae. On average, height of lumbar vertebrae is
arger in females than in males; height of lumbar discs is larger
n males than in females and shows a minute dependence on
ge in males; in both genders, sagittal plane displacement
ncreases, but only by a small amount, with age. CONCLU-
IONS.: The new measurement protocols for disc height, ver-

ebral height and sagittal plane displacement, together with the
atabase of normative age-related values, permit quantitative
ssessment of the prevalence of pathological morphological
hanges in the human lumbar spine. The new method and the
atabase will serve to explore the effect of potentially detri-
ental influences such as high spinal loading and to provide

uantitative documentation of existing injury to vertebrae and
iscs in individual cases.

easurement of total disc replacement radiographic range of motion:
comparison of two techniques.

im MR, Girardi FP, Zhang K, Huang RC, Peterson MG, Cammisa FP.

BJECTIVE: Current methods used to measure total disc
eplacement (TDR) radiographic range of motion (ROM) have
ot been previously evaluated. Sagittal ROM is measured by
etermining the change in the Cobb angle of the prosthesis
rom the flexion to the extension radiographs. Either the me-
allic endplates or the keels of the TDR prosthesis can be used
s radiographic landmarks in measuring ROM. We hypothe-
ized that use of the prosthesis keels as radiographic land-
arks, when compared with the use of prosthesis endplates,
ight lead to more precise measurements of TDR sagittal
OM. METHODS: Two observers (a fifth-year orthopedics

esident and an attending orthopedic spine surgeon) measured
he ROM of 51 Prodisc II TDRs on standard flexion and
xtension lumbar spine radiograph sets. Repeated measure-
ents were made on two occasions using either the keels or the

ndplates as landmarks. Precision was defined as the mean of
he absolute differences between measurements. RESULTS:
or observer A, the mean absolute difference between two
easurements was 1.4 degrees with the keel method compared
ith 3.0 degrees with the endplate method (P � 0.001). For

bserver B, the mean absolute difference between two mea-
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urements was 1.8 degrees with the keel method and 3.3
egrees with the endplate method (P � 0.001). When the
nterobserver differences were examined, the mean absolute
ifference was 1.8 degrees with the keel method and 3.3
egrees with the endplate method (P � 0.001). CONCLU-
IONS: Our results show that the use of TDR prosthesis keels
s radiographic landmarks, when compared with the use of
rosthesis endplates, yields greater precision in ROM measure-
ent. For TDR prostheses with a keel, we recommend using

he keel to measure ROM.

eliability of motion measurements after total disc replacement: the
pike and the fin method.

akir B, Richter M, Puhl W, Schmidt R.

s motion preservation is one of the main postulated advan-
ages after total disc replacement (TDR) of the lumbar spine,
he quantification of the mobility after TDR seems of special
linical interest. Yet, the best method to assess range of motion
ROM) after TDR remains unclear. The aim of the study was
he calculation of 95%-confidence intervals (95%-C.I.) for the
easurement error accompanying: (1) different methods (2)

ifferent observers and (3) different levels of training for ra-
iographic motion analysis after TDR. In 12 patients the level
4-L5 and in another 12 patients level L5-S1 were measured
ith the Cobb and the superimposition method on flexion-

xtension X-rays after monosegmental TDR. Both methods
ere adopted as the landmarks used the spikes of the prosthesis

nstead the endplates (spike method) and the fin of the pros-
hesis instead the whole vertebral body (fin method). Measure-
ents were performed by two experienced (O-I and O-III) and

ne inexperienced observer (O-II). The adopted spike and fin
ethod showed a better reliability compared to the reported

esults of the original Cobb and superimposition method. The
ethod used was not clinically relevant for the intraobserver

eliability in the experienced observer (95%-C.I.: �/�2.0 de-
rees for the fin and �/�2.1 for the spike method) and for the
nterobserver reliability for two experienced observers (95%-
.I.: �2.8 degrees/�2.8 degrees for the fin and �2.9 degrees/
3.1 degrees for the spike method). The intraobserver reliabil-

ty for the inexperienced observer was inferior for both
ethods compared to the experienced observer but no clini-

ally relevant differences could be observed in interobserver
eliability measures. The spike and fin method are reliable
ethods for study protocols dealing with angular motion after
DR as clinically valid conclusions can be drawn with an
ccuracy of about �/�2 degrees for the same observer and
ith an accuracy of about �/�3 degrees for a different ob-

erver.
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