TECHNIQUE ASSESSMENT

Immediate Stiffness of the C5-Cé Segment after Discectomy
with the Cloward Technique: An in Vitro Biomechanical Study
on a Human Cadaveric Model

Andrzej Maciejczak, M.D., Michal Ciach, M.Eng.,
Maciej Radek, Jr., M.D., Andrzej Radek, M.D., Ph.D.,
Jan Awrejcewicz, Ph.D.

Department of Neurosurgery (AM, MR, AR), Military Medical University, £édz, and
Division of Automatics and Biomechanics (MC, JA), Technical University of £6d7,
Lédz, Poland

OBJECTIVE: To determine whether the Cloward technique of cervical discectomy and fusion increases immediate
postoperative stiffness of single cervical motion segment after application of interbody dowel bone graft.

METHODS: We measured and compared the stiffness of single-motion segments in cadaveric cervical spines before
and immediately after interbody fusion with the Cloward technique. Changes in range of motion and stiffness of
the C5-C6 segment were measured in a bending flexibility test (flexion, extension, lateral bending and axial
rotation) before and after a Cloward procedure in 11 fresh-frozen human cadaveric specimens from the 4th
through the 7th vertebrae.

RESULTS: The Cloward procedure produced a statistically significant increase in sfiffness of the operated segment
in flexion and lateral bending when compared with the intact spine. The less stiff the segment before the
operation, the greater the increase in its postoperative flexural stiffness (statistically significant). The Cloward
procedure produced nonuniform changes in rotational and extensional stiffness that increased in some specimens
and decreased in others. _

CONCLUSION: Our data demonstrate that Cloward interbody fusion increases immediate postoperative stiffness of
an operated segment only in flexion and lateral bending in cadaveric specimens in an in vitro environment, Thus,
Cloward fusion seems a relatively ineffective method for increasing the stiffness of a construct, This may add to
dfscussion on the use of spinal instrumentation and postoperative management of patients after cervical
dlscectomy, which varies from bracing in hard colfars through immobilization in soft collars to no external

_ orthosis, {Neurosurgery 49:1399-1408, 2001) g
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1 193¢, Mixter and Barr (28) correlated protrusion of the  are currently in use in surgical practice. The Smith-Robinson
Umbar intervertebra] disc with symptoms and signs of and the Cloward techniques, which were developed in late
. ;r‘:“’e root cpmpression. Shortly thereafter, damage to the 19505 and modified during the last four decades, are the most
'hnpol_frtebl'al discs of the cervical spine was recognized as an popular and widely used methods for cervical discectomny.
(.’mjatl?t Cause of radxc‘ular symptoms and signs in the upper  Both have stood the test of tune,.although the Cloward pro-
Yica) dis)es. Smce' that time, the surgical management of cer-  cedure recently has fallen into dlsfavgr among some neuro-
L tofhpmf’rus‘lons has undergone evolution from the pos-  surgeons as a result of other alternatives available and the
EW . 2; anterior approacl} {4, 16,19, 24, 27, 37, 41). During  requirements for specific too{s. ‘ '
Poputay. it Years, the anterior approach has become very Many surgeons think that 1mmgdlate postoperative stabil-
-Mated '8 now the standard in spinal surgery and is ity after the Cloward or the Smith-Robinson procedure is
Tehn with significant clinical success. Three common  sufficient to allow patients to recover without any bracing.
9 ‘Ques of cervical interbody fusion described by Cloward Ralph Cloward, whose early patients wore cervical collars,
" "ayley and Badgley (2), and Smith and Robinson (40) later abandoned that practice (12). He thought that normal
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attitude head flexion without bracing was beneficial, because
lexion compressed the anterior surface of the construct and
enhanced vigorous vascularization and fusion. The majority
Isurgeons instruct their patients to wear hard collars for at
least 3 months during the postoperative period. Conversely,
some surgeons willingly add anterjor plating to interbody
“fusion in normal cervical discectomies (5, 6). We routinely
place pafients in hard cellars for 8 weeks after cervical disc-
ectomy. On the other hand, we have noted successful clinical
and radiological fusion in numerous patients who did not
wear their collars, against surgeons’ advice.

It is thought that the interbody graft of the Smith-Robinson
technique i more rigid in side-to-side strain than the dowel or
Cloward type of graft (39). In addition, the Smith-Robinson
type of graft is thought to have greater distraction capabilities
than the dowel graft {33). Much remains unknown so far
regarding immediate postoperative stability after cervical
discectomy and interbody fusion. The purpose of this study
was to analyze the immediate stability of a single cervical
segment after anterior interbody fusion with a dowel-shaped
bone graft.

MATERIALS AND METHODS

Eleven cervical spine specimens from the 4th through 7th
vertebrae were obtained from fresh human cadavers. All but
two of the specimens were from men. The average age at the
time of death was 59 years (range, 40-76 yr). The specimens
were carefully dissected off surrounding muscle tissue, with
care taken to preserve the integrity of the ligaments and
intervertebral discs, and x-rays were then obtained of the
specimens to exclude preexisting tumors or traumatic de-
struction. Information regarding osteophyte development
and degenerative disease also was gathered from these x-rays.
The C4-C5 and C6-C7 segments e4ch were fixed with a pair
of screws inserted vertically into vertebral bodies through the
endplates so the C5-C6 segment was the only mobile seg-
ment. Next, x-rays were obtained of the specimens again to
rule out conflict of the screws with the C5-Cé disc. The
specimens were then deep frozen and stored at —20°C until
the test. Before they were tested, the specimens were thawed
to room temperature for at least 17 hours (Fig. 1).

Loading specimens

A special loading frame for testing specimens was designed
and built in the laboratory of the Division of Automatics and
Biomechanics, Technical University of Ld#. The lower end of
each specimen was fixed in a loading frame, and the top end
was allowed unconstrained motions. Rigid fixation of the
lower end of each specimen was achieved by means of a
special clamp with four bolts screwed into the vertebral body
of the C7 vertebra (Fig. 2). Four pure bending moments of
flexion, extension, right or left lateral bending, and right or
left axial torgque were applied to the upper free end of a
specimen by use of pulleys. Each moment was generated by
applying forces to the pulleys by means of 0.125-kg weights in
equal increments to a maximum value of 1 kg for flexion,
extension, and lateral bending and 2 kg for axial rotation. This

IFIGURE 1. X-ray of a
'C4-C7 specimen prepared
for biomechanical testing of
the C5-C6 segment (anterg
posterior view}, Two pairs
of screws fix the C4-C5 ang
C6-C7 segments, and the
C5-C6 segment remains
mabile.

FIGURE 2. Photograph of
a C4-C7 specimen
mounted on the loading
frame. The caudal end of
the specimen is fixed with
four bolts, and the top end
remains free to allow
unconstrained motions.
Moments were applied to
the upper free end of the
specimen by means of a
pulley attached to the
upper clamp. The tensom

. eter spanned over the
C5-Cb disc is attached with tiny screws to anterior sur-
face of the C5 and C6 vertebral bodies.

resulted in incremental loading with bending moment/torque
to a maximum value of approximately 1.2 to 1.3 Nm.

The moments were applied in three load-unload cycles to
precondition the specimen with 30 seconds of creep allowed
at each load step o reduce variations caused by viscoelasticty
of the spinal ligaments.

Measurements of displacement

The motions of the C5 vertebra were calculated relativedg
the C6 and separately for flexion, extension, lateral ber.lu;_;2
and axial rotation. For flexion, extension, and lateral bend
ing, displacements were measured by use of a tensometex

calculated in millimeters. The tensometer was spanned 0}

the C5-C6 interspace and secured to adjacent vertebral‘_b:%,,
of the C5-C6 segment with small screws (Fig. 2). AxialX
tion was measured with a micrometer and calculated It
grees. The tip of the piston of the micrometer was pos g
against the superior facet of the C4 vertebra. The sequ! 5
loading was flexion followed by extension, lateral bf o
and axial rotation. Each spine was first tested intact fO}E“’ﬁ
a control for subsequent postoperative configuration.
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Stiffness of C5-C6 Segment after Discectomy

The stability was assessed by measuring changes in range
of motion and then depicted as stiffness, which is the ratio of
maximum load applied (in Nm) to displacement (in mm or
degrees) produced by this load. Thus, the stiffness was ex-
pressed in Nm/mm or Nm/degrees for each specimen. To
provide a quantitative comparison between the intact and the
operated segment, the after parameter was calculated. For
each operated segment, stiffness was expressed in relative
terms with respect to the stiffness of the same segment before
the operation. Therefore, each specimen served as its own
control. Relative stiffmess thus was defined in the following
mannet:

Relative stiffness (%} = (stiffnessoperated — stiffnessyaqt X 100

A zero value means that the operated segment was as
stable as before the operation. A negative value (<Q) means
that the operated segment was less stable than before the
aperation, and a positive value (>0) indicates that operated
segment was more stable as compared with preoperative
status.

Surgical technique

A 125 mm drill bit (Aesculap Instruments Corp., South San
Francisco, CA) was used to drill the hole within the C5-C6
interspace. When necessary, anterior osteophytes and bony
bridges were removed to enable drilling. Integrity of the
posterior longitudinal ligament always was explored, and it
was cut and excised with rongeurs when found intact under-
neath the hole. The 13.5-mm dowel bone graft harvested from
the iliac crest of the same cadaver as the spine specimen was
tapped in place, and care was taken to countersink the graft in
relation to the anterior cortical edges of the intervertebral
aperture. When the operation was completed, the tensometer
was fixed again and the specimen underwent the same se-
quence of loading.

RESULTS

. _Results from 11 fresh cadaveric specimens before and after
d'-*-edomy and fusion with the Cloward technique are pre-
Sented herein as relative changes in stiffriess.

Flexion

(FiAu but m_’o operated specimens increased their stiffness
(Ta;g!;fg). The increase in stiffness varied from 3.5% up to 195%
b ffne 1). Two specimens (Specimens 6 and 13) decreased their
os 55 postoperatively by 3.4% and 49%. A close look into
Wi ¢ Specimens revealed: 1) advanced degenerative changes
vy S:SVere osteophyte formations, particularly at the C5-C6
¥ ﬁ\'fe' sﬁf?::::ec‘ on plain x-rays, and 2} significant preoper-
Cal 5?:3 tV_VO specimens were excluded initially from statisti-
i eSSY:S becausg of their abnormally high preoperative
i 5een.1 t decrease in' gﬁffness in those two specimens did
Bty oy 'Iéaffect stability negatively at operated segments.
ébnorman“ esl specimens with reduction of stiffness from
Y high values preoperatively to values still high

1401

Reistive stitfness (%)

FIGURE 3. Flexion loading showing the ratio of increase in
stiffness postoperatively (relative stiffness). Increases ranged
from 3.5 to 195% of preoperative valve, The ratio of
increase seemed larger in specimens that were less stiff
before operation. Stiffer specimens demonstrated a smaller
ratio of increase postoperatively. Specimens 6 and 13
decreased their stiffness postoperatively. Those two speci-
mens were extremely stiff before the operation, and
advanced degenerative changes were observed on plain
x-rays.

TABLE 1. Flexion Loading Test*

il - A
(Nm/mm) {Nm/mm)
1 1.05 1.26 20.00
4 0.53 0.98 84.91
5 0.84 0.87 3.57
6 2.1 1.06 -49.76
7 0.72 1.35 87.50
8 0.89 1.29 44,94
9 1.02 1.57 53.92
10 0.79 1.24 56.96
11 1.41 2.58 82.98
12 0.69 2.03 194.20
13 1.18 1.14 -3.39

3 Stiffness of the C5-C6 segment before and after the Cloward
procedure. Changes in stiffaess showed as the percentage increase in
preoperative stiffness of the intact specimen. (The intact specimen
served as a comparison for the postoperative construct) Negative
values represent decrease in stifiness of the C5-C6 segment after the
operation,

postoperatively. When expressed in absolute values, their
postoperative stiffness far exceeded the stiffness of normal
intact specimens and still seemed high as compared with
postoperative stiffness of the remaining specimens (Table 1).
Therefore, the postoperative biomechanical situation was sim-
ilar in a group of “normal” and excluded specimens, although
the latter decreased and the former increased their stiffness.
As demonstrated in our study, very stiff segments may dem-
onstrate decreased postoperative stiffness after the Cloward
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procedure, although this does not necessarily indicate desta-
bilization in clinical terms. We think that in such stiff speci-
mens, comparative analysis of relative changes in stiffness
may seem misleading. Unless absolute values are taken into
consideration, relative decrease in stiffness may be wrongly
interpreted as relevant to spinal stability.

Statistical analysis of results in a group of nine specimens
demonstrated a significant increase in postoperative stiffness
(paired Student’s t test and signed-rank test; P < 0.05). An-
other noticeable fact is that the less stiff the segment before
operation, the greater the relative increase in postoperative
stifiness. This seemed statistically significant (P < 0.05) only
for flexion (Fig. 4).

After critical review by an independent reviewer, we in-
cluded two rejected specimens in the statistical analysis, con-
curring with the opinion that in clinical settings, many pa-
tients will have such highly stiff spines. Results from repeated
analyses confirmed that the Cloward procedure significantly
(P < 0.05) stiffens an operated segment under lateral bending
but has no such an effect under extension and axial rotation.
For flexion, repeated analysis did not confirm statistical sig-
nificance of a stiffening effect of the Cloward procedure.

Laterai bending

All specimens but one demonstrated increased stiffness
postoperatively (Fig. 5; Table 2). Specimen 13 (one of two that
were exiremely stiff preoperatively) did not demonstrate any
change in stiffness. The increase in stiffness varied from 25%
up to 250% of preoperative value. Similar to the flexion test
result, this increase was statistically significant for both the
group of 9 and all 11 specimens (paired Student's ¢ test,
signed-rank test; P < 0.05). The hypothesis that the less stiff
the segment before the operation, the greater the increase in
stiffness postoperatively was not proved by statistical analysis
for lateral bending.

Extension

Cloward discectomy and fusion resulted in increased stiff-
ness of the operated segment in four specimens, decreased

Increase in
stiffness
pastoperatively

15

1
0.5 \o
g ¥ * -
\
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-1 »
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Precperative stiffness

FIGURE 4. Correlation between preoperative flexural stiff:
ness and the ratio of its increase postoperatively. The more
stiff the segment before the operation, the greater the
increase in its stiffness after the Cloward procedure. This
proved statistically significant (P < 0.05).

Refafive stiffness

specimen

FIGURE 5. Lateral bending loading test showing the perceij
age increase in stiffness postoperatively. The increase rated;
from 0 to 252% of preoperative value. Specimen 13 did ol
change its stiffness postoperatively. The ratio of increas 3
seemed larger in specimens that were less stiff before the
operation. Specimens with greater preoperative stiffness™
demonstrated a smaller ratio of increase in their stiffness’
postoperatively, However, this was not proved statisticall
significant.

TABLE 2. lateral Bending Loading Test?

' (Nm/mm) {Nm/mm) e
1 0.81 1.27
4 0..84 1.48
5 0.56 1.97
6 1.98 2.64
7 0.71 12
8 0.76 1.82
9 0'.81 1.66
10 0.66 0.77
1 -1.24 1.55
12 1.41 2,32 }
13 4.71 4.71 it

* Stiffness of the C5-C6 segment before and after the
procedure. Changes in stiffness showed as the percentage increa
preoperative stiffness of the intact specimen. (The intact specl
served as a comparison for the posteperative construct.) Negd!
values represent decrease in stiffness of the C5-Cé segment aftefs

operation. .
stiffness in five, and no change in two (Fig. 6; Table 3)1
was no trend in changes of postoperative stiffness for

sion, regardless of whether two highly degenerated:§
mens were included in the analyzed group.

Axial rotation

Results were similar to those obtained for extensions
specimens demonstrated an increase, one demonstratéq
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relativg stifness
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FIGURE 6. Extension loading test showing the increase in
stiffness postoperatively, which rated from 34 to 58% of pre-
operative value. Two specimens demonstrated no change in
stiffness postoperatively. Five specimens demonstrated
decreased stiffness postoperatively (from 16% to 55% of
preoperative value).

TABLE 3. Extension Loading”

specimen Prgolperative Post(.)perétivé. Ch?nge in
No. tiffness Stiffness St‘lfanSS
{Nm/mm}) (Nm/mm) (in %)
1 - 0.87 1.17 34.48
4 0.98 0.82 —-16.33
5 0.89 1.41 58.43
6 2n 20t 0.00
7 2.03 1.55 —23.65
8 1.15 1 —13.04
9 1.85 0.83 ~55.14
10 1.03 0.74 —28.16
11 2.07 2.82 36.23
12 1.3 1.91 46.92
13 1 o 0.00

. Stiffness of the C5-C6 segment before and aiter the Cloward
Pracedure. Four specimens increased in stiffness postoperatively be-

tween 34% and 58% of their preoperative value. Two specimens did
not ck

Ress Postoperatively (from 16% to 55% of their precperative value).

thange, ang the remaining five demonstrated a decrease in

\Operative stiffness (Fig. 7; Table 4). Again there was no
I changes in postoperative stiffness.

DisCussION

fl*sl;i‘fh discussion devoted to the biomechanics of interbody
Majog €an be found in the past and current literature. 'Fhe
aﬂhra;y of reports deal with lumbar rather than cervical
“-eSis. Even when devoted o cervical interbedy fusion,
b orts fOFlJ:S on the biomechanics of interbody fgsion in
2 iti()neﬂOf clinical and radiographic proof of stability. In
p"’spect: 0y analyze the effects of fusion from a long-term
Ve when bony remodeling and healing is completed

th%e rep

ange stiffness postoperatively. Five specimens decreased in stiff-

relative stithess

-50.90

specimen

+100.00 &

FIGURE 7. Axial rotation loading test. The increase in stiff.
ness postoperatively rated from 3 to 190% of preoperative
value. One specimen demonstrated no change in stiffness
postoperatively. Five specimens demonstrated decreased stiff-
ness postoperatively (from 21% to 77% of preoperative
value).

TABLE 4. Torsion Loading Test®

Preoperative

Postoperative

Sper::lior?en Stiffness Stiffness Sﬁ?fzgfse (LZ)
(Nm/degree) (Nm/degree)
1 0.87 0.63 —27.59
4 0.28 0.29 0.00
5 0.87 0.63 —27.59
6 1.9 0.44 —76.84
7 0.33 0.34 3.03
8 0.18 0.32 77.78
9 0.55 0.48 —12.73
10 0.31 0.32 3.23
11 037 0.46 24.32
12 0.47 1.36 189.36
13 0.28 .22 ~21.43

? Stiffness of the C5-Cb segment before and after the Cloward
procedure. Five specimens increased their stiffness postoperatively {the
ratio of increase was hetween 3% and 190% of preoperative stiffness).
One specimen did not change stiffness postapératively. Five specimens
decreased in stiffness postoperatively (from 21% to 77% of preoper-
ative value),

(8, 17, 29, 30, 42). Little is known regarding immediate post-
operative biomechanical envirenment at the fusion site from
either a clinical or an experimental point of view.

In vitro biomechanical studies on immediate stability of a
cervical spine after discectomy and graft insertion are poorly
represented in the literature. We found only one study that
addressed this problem in biomechanical testing in vitro on a
cadaveric human spine model (38). ‘However, this st'udy,
which was reported in 1989 by Schulte et al. (38), refers to the
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Robinson-Smith technique, The few remaining studies on this
issue are based on mathematical evaluation, which uses finite
element models (FEMSs) of the cervical spine for investigation
(23, 25, 32, 36). To our knowledge, no in vitro biomechanical
studies on immediate stiffness of the human cervical spine
after the Cloward procedure have been published to date.
Therefore, we attemnpted to determine the immediate effect of
a Cloward bone graft on the stability of the cervical motion
segment in an vitro biomechanical experiment. «

The only study that may serve as direct comparison and
reference is that by Schulte et al. (38). They described imme-
diate biomechanical stability of the C5-C6 segment after disc-
ectomy and grafting with the Rebinson-Smith technique. In
their study, the specimen was tested in the intact state, after
discectomy, after insertion of tricortical bone graft, and then
after application of an anterior metal plate at the discecto-
mized segment. Insertion of the Robinson-Smith graft re-
sulted in a significant increase of stiffness in all loading
modes, particularly in extension (decrease in motion of 45% as
compared with the intact state). Similar reduction of motion
after insertion of bone graft was observed in lateral bending
(38%) and axial rotation {39%). Smaller reductions in motion
were noted for flexion (16%). Data from this study may sug-
gest that the Robinson-Smith technique stiffens the cervical
motion segment more effectively than the Cloward technique.
Schulte et al. (38) obtained reduction in motion in all four
critical motions, whereas in the present study, reduction was
observed only in flexion and lateral bending, Thus, the horse-
shoe bone graft interposed between intact endplates seems
more effective in stiffening a discectomized segment than a
cylindrical Cloward graft tapped between spongy bone of
adjacent vertebrae. When comparing results of both studies,
one should keep in mind some differences between their
methodologies. In contrast to Schulte et al. (38), we: 1} cut the
posterior longitudinal ligament, because this often becomes
necessary in intraoperative sifuations in patients with poste-
rior disc prolapse or osteophytes deeply invading vertebral
canal, 2} loaded the specimen to a more maximum moment
(1.2 Nm as compared with 0.45 Nm), and 3) used C4-C7
specimens compared with C2-T1 specimens.

We are not aware of any other in vitro studies that could
serve as comparison and verification of the werk of Schulte et
al. (38) as well as of the present study. There are reports in the
literature on FEM studies that address changes in stiffness
after cervical discectomy and fusion (23, 25, 32, 36). These
studies could serve for reference and comparison to in vitro
investigations, although these are rather mathematical simu-
lations that still require validation by experimental tests (22,
36). All FEM studies on stiffness after anterior cervical fusion
that we found in the literature refer only to the Robinson-
Smith technique (23, 25, 32, 36). Of these studies, one ad-
dresses the immediate postoperative stiffness (32), whereas
three studies address stiffness at fused (healed) segments (23,
25).

In the first of the above-mentioned studies, Natarajarn et al.
{32) developed a mathematical model of intact and discecto-
ized C5-Cé segments with loose- and tight-fitting grafis to
investigate the biomechanical effect of the Robinson-Smith

Maonrncnraary \/nl 4Q
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procedure. The loose-fitting graft model simulated the immg
diate postoperative situation, and the tight-fitting graft mod
simulated healed fusion. The model representing the imm
diate postoperative period predicted increased stiffness
only flexion and lateral bending and decreased stiffness unde;
extensional and torsional moments. Predictions calculated b
these anthors somewhat contrast results obtained in vitro by
Schulte et al. (38) (reduction in all four critical motions
Resulis of the present in vitro study are simjlar to the math;
ematical predictions of Natarajan et al. (32), in that we al%
obtained significant reduction of motion in only flexion
lateral bending. Another mathematical simulation of the b
mechanical effect of the Robinson-Smith technique was p’
formed by Maiman et al. (25). These authors predicted in;
creased stiffness in all four motions at the operated segm o
Data from their study are consistent with those obtained. i
vitro by Schulte et al. (38), although it should be rememb
that Maiman et al. {25) analyzed the stiffness of the heal,
segment. They used an anatomically accurate, experimentall
vahdated two-motion segment FEM (C4-C5-Cé6) of the hi#
man cervical spine. These authors proved an increase of sti
ness for both the C5-C6 and the C4-C6 segments after nd}
only the Robinson-Smith but also the Bailey-Badgley techd
niques. Although their work was focused on internal
sponses (stresses) of motion segments adjacent to the fu
level, the evaluation of stiffness at the fused segment w
component of their investigation. A similar evaluation
performed by Kumaresan et al. (23) on a validated
dimensional, anatomically accurate FEM of the human cer
cal spine. We investigated stiffness of different types of mter
body fusion materials (titanium core, titanium cage, tricortica
iliac crest, tantalum core, and tantalum cage) after Smit
Robinson and Bailey-Badgley procedures. Predictions
the Kumaresan et al. (23} study also confirmed an increase
external response under all modes of loading after b
Robinson-Smith and Bailey-Badgley techniques.
Comparison of in vitre results with predictions of mathi
matical simulation should be made with caution
mathematical models have inherent limitations (36). For ¢X:
ample, the material properties of various spinal struci
used in mathematical models are cbtained from the litera
although it should be remembered that they vary from ir
vidual to individual. Limitations of mathematical mod;
were quantified in a study by Pitzen et al. (36), who ver
their FEM of C5-C6 anterior cervical fusion and plating wi
a biomechanical in vitro study on a human cadaveric m
The predictions of their FEM were always within one
dard deviation of the results of the in vitro study (36). Thus3
results of mathematical models should be interpreted aS 4
trend, and the limitations of these models should be kept !
mind (36).
Additional references to the present study are the results.0d
in vitro investigations on the biomechanical effects of artificia
interbody implants (21, 36, 44, 45). In view of the rapid-¢
velopment and increasing use of cervical interbody implantSies
referred to as cages, results of such a comparison would be
great importance for clinicians, providing them with e
ment recommendations {3, 26). They were designed to oVBf ;
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come the drawbacks of standard interbody fusion with a
stand-alone bone graft. In 1988, Bagby (1) reported the use of
a stainless steel basket for spinal fusion. He developed smooth
stainless steel cylinders with multiple holes drilled through
their walls, describing them as baskets. The use of these
implants was based on the experience of DeBowes et al. {15)
in horse cervical spine fusion for wobblers syndrome. Inter-
body implants for cervical spine were developed and intro-
duced recently in clinical practice. These i.nternai fixation
devices were designed primarily to bear loading duting graft

incorporation. They also were designed as spacers to restore -

and maintain the physiological disc space and as stabilizing
devices to limit intervertebral motions and allow bony in-
growth at the same time. The majority of these devices are
designed to match the interspace as does the Robinson-Smith
bone graft. The design of others, like BAK/C cage (Spine-
Tech, Inc., Minneapolis, M), follows the idea of the Cloward
dowel-shaped bone graft. A profusion of such implants is
now commercially available and used in surgical practice.
Many underwent in vitro biomechanical evaluation in either
individual or comparative studies (21, 44, 45). We are not
aware of any in vitro studies comparing biomechanical per-
formance of artificial cervical interbody implants to tradi-
tionat interbody bone grafts. Data from in vitro studies on
biomechanical effect of cervical cages seem to prove their
excellent performance as stabilizing devices. Recent clinical
trials and reviews also confirm their excellent biomechanical
features in ratio of successful fusion and maintenance of disc
height (3, 26). In vitro biomechanical investigations have dem-
onstrated that regardless of their design, cervical cages in-
crease immediate stiffness in all four critical motions {21). Itis
interesting that cages shaped like the Robinson-Smith bone
graft (flat and horseshoe shaped) are characterized by better
invitro biomechanical performance than those shaped like the
Cloward graft (cylindrical and dowel shaped) (21). The
former increased immediate stiffness more than the latter, as
Wwas demonstrated in studies by Kettler et al. (21) and Wilke et
al. (44), although these differences did not seem statistically
Significant. : '
 These findings might add to the discussion on comparison
of immediate postoperative stiffness after Robinson-Smith
nd Cloward procedures with the use of bone graft. On the
8515 of data from the above-mentioned studies on the stabi-
- g effect of various types of cervical cages, one might
conclude that the Robinson-Smith technique is more effective
. 2N the Cloward method in stabilizing the spine immediately
o er an operation, This could be in agreement with a parallel
*OMparison between the present study and the in vitro study
Schulte et 4], (38).
- ¢ important question arises regarding stiffness of the
"egrafted segment in the early and later postoperative
t°d bﬁ?re complete healing of fusion occurs. Immediate
liatioﬁe;ahve stiffness describes the initial biomechanical sit-
Posign. 2 fusion site, and as such it is important in the early
& Pn;rahvg period to ensure stability and prevent bone
Mien Gration, This immediate stability at the grafted seg-
the by, anges with time along with increasing subsidence of
© graft, bony resorption, osteogenesis, and remodel-

1405

ing, which last as long as healing continues to complete
fusion. Stiffness is influenced first by the subsidence of bone
graft into adjacent vertebral bodies and second by processes
of resorption and osteogenesis. Within the first days after
surgery, the segment undergoes transient destabilization be-
cause of subsidence of the graft into adjacent vertebral bodies.
Decreasing distraction height might destabilize the construct
with a cylindrical-shaped bone graft but might also have a
stabilizing effect by improving the fit at the graft-adjacent

“bodies’ interface. Inmediate stiffness decreases until the graft

achieves such a degree of subsidence that the better fit at the
graft-adjacent bodies’ interface starts to stiffen the segment.
Whether this loss in stability exceeds the increase of stiff-
ness gained immediately after graft insertion is an important
question. Another question is whether the loss of stiffness that
results from small subsidence can be reversed completely by
continued larger subsidence. We are not aware of any studies
investigating the effect of subsidence of Cloward bone graft
on stiffness of the operated segment, :
- The present study demonstrated that Cloward interbody
bone grafting resulted in a statistically significant increase of
immediate segmental stiffness in flexion and lateral bending
in an in vitro condition. In addition, statistical analysis proved
that the less the initial flexural stiffness, the greater its increase
after insertion of the dowel bone graft. The extensional stiff-
ness and rotational stiffness were not uniformly affected by
the Cloward procedure. This study confirms that tapping the
dowel bone graft results in increased segmental stiffness in
only two of four critical motions (flexion and latera] bending).
How long the reduction of intersegmental motion lasts be-
yond the initial values is unknown. It might be that with
resorption and remodeling of a graft and bone of adjacent
vertebral bodies, the initially increased stiffness may gradu-
ally reduce until fusion occurs. It may also be that with
increasing subsidence of a Cloward bone graft, the segmental
stiffness increases again because of a better fit between the
graft and the adjacent vertebral bodies. This study lacks the
closer lock into the biomechanical environment at the grafted
segment that could be obtained with assessment of changes in
the neutral zone. Although changes in total range of motion
are indicators of stability, the neutral zone was proved to be
the more sensitive and indicative in assessment of instability
(34, 35). Another shortcoming of the study is the relatively
short series of specimens and its limitation to cases with slight
to moderate degeneration. The issue that deserves separate
investigation is the biomechanical behavior of highly degen-
erated segments immediately after discectomy and interbody
grafting. Two specimens with advanced degenerative changes
and osteophyte formations decreased their stiffness after the
Cloward procedure. Such specimens cannot be included in
the analysis, because extremely advanced degenerative
changes rendered them even stiffer than were the remaining
specimens after the graft was tapped. The same approach was
presented by Schulte et al. {38) in their similar study. They
also excluded highly degenerated specimens from analysis.
Although in our study, highly degenerated segments de-
creased their postoperative stiffness, the absolute values of
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their postoperative stiffness were still high and comparable to
the postoperative values of the remaining specimens.

This study demonstrated that the Cloward construct is not
very effective mechanically, but no one should disregard its
clinical merit. We think that in some cases of one-leve] fusion,
it remains a valuable surgical technique to achieve good clin-
ical outcome. This technique has obvious advantages that
mitigate its biomechanical drawbacks. Compared with the
Robinson-Smith technique, it increases the space available
while the surgeon is performing the disc debridement and
visualizing the joints of Luschka and neural foramina. This
technique allows the surgeon to perform especially severe
osteophyte removal. For that reason, we prefer the Cloward
technigue in cases of advanced osteophyte formations, in
which removal of osteophytes is more feasible and effective.
In a soft disc, we prefer the Robinson-Smith technique. Clin-
ical practice proves that in the majority of cases, segmental
stiffness after the Cloward procedure seems to be sufficient to
achieve solid bony union, especially in one-level fusions. Clin-
ical outcomes of anterior cervical decompression and fusion
are very good (12, 18, 20, 24, 31). This includes the Cloward
procedure. Cloward (12) reported a 97% fusion rate with a
good clinical result (relief of preoperative symptoms} in 94%
of operated patients. In a recent report, Lofgren et al. (24)
demonstrated an 86% fusion rate after the one-level Cloward
procedure, with considerable clinical improvement in 61% of
patients regardless of preoperative symptoms (radiculopathy
and myelopathy).

Two facts are worthy of note: 1) good clinical results after

-interbody fusion do not necessarily correlate with preservation
of height of the disc space, and 2) narrowing of the fused seg-
ment during the first postoperative months does not necessarily
have a negative influence on good clinical results achieved im-
mediately after surgery. Even the quality of fusion measured as
segmental stability sometimes has nothing to do with good
clinical results. The long-term analysis of interbody fusion after
the Cloward procedure revealed that clinical results were not
influenced by whether the surgically treated segment was mo-
bile, regardless of pain in either the neck or the arm (24). Even
considerable mobility as observed on dynamic x-rays may be
consistent with good clinical results (24), although other studies
demonstrated a clear association between bony union and a
better clinical outcome (7, 43). In a study by Cauthen et al. {7},
80% of patients without segmental mobility had a satisfactory
outcome as compared with 68% in the nonunion group. White et
al. (43) demonstrated 73% excellent or good results in'the group
with union as compared with 53% in the group with nonunion,
Conversely, clinical outcome with cervical cages seems to exceed

that obtained with traditional bone graft in symptom relief and

absence of subsidence (nearly 100% of patients had no recurrent
symptoms and ne subsidence} (3, 26). In this context, cervical
cages seem an equal or even better alternative for traditional
bore graft fusion including the Cloward technique. Interbody
instrumentation of the cervical spine with cages has become a
clinically established and increasingly popular procedure, but
nonetheless, the long-term outcome associated with interbody
fusion cages is still unknown. In cases of multilevel fusion, the
Cloward procedure does not seem to be a reliable technique. The

fusion rate was found to be inversely proportional to the numbzzzms:
of levels fused. Connolly et al. (14) demonstrated a pseudos glE
throsis rate of 15% for one- or two-level fusion and 46% fq
three-level fusion with the Cloward graft. Similar outcomes hay
been obtained with the Robinson-Smith technique. White et 3 [
(43) reported an 80% fusion rate for one-level fusion and a 66
fusion rate for multilevel fusion, With such results, compleme
tary stabilization with anterior plates seems justified. As de;
onstrated by Caspar et al. {6), adding a cervical plate to two-'g
even one-level fusion does not constitute overtreatment; it su;
plements the internal stabilization initially provided by the bop
graft and yields a lower reoperation rate. In our experiengd
anteriot plating with Cloward fusion is technically more
manding than with Robinson-Smith fusion. This is because d
ling the interspace sometimes leaves too liftle space in the adJ
cent vertebral bodies to accommodate screws. Therefore, wha
we plan stabilization with an anterior plate, we prefer to’
Robinson-Smith fusion. Another disadvantage of the Clow:
technique is the extra blood loss from exposure of the cancelloy
bone of the vertebral bodies with resulting impaired visualiza?
tion, difficulties with application of screws if stabilization Wlth
cervical plate is required, and the extensive exposure of the‘Lha
crest needed to collect the bicortical graft. B8’

Our recommendation is that for one-level fusion, the :
ward procedure may be used without support of stabxhzah i
One should realize, however, that this technique increa
immediate postoperative stiffness only in two critical
tions, and it is not known whether the increase gained
stiffness is lost during the further postoperative perio
would advise use of the Cloward technigue in patients wif
advanced degenerative changes and severe bony spurs. Oné
level fusion with artificial dowel-shaped cages seems to bej
good alternative to Cloward bone graft, especially 1rnplan
such as the BAK/C, which have demonstrated biomechanica
performance in in vitro studies. It should be remember
however, that Cloward-like cervical cages subside more th
horseshoe-shaped cages with their resultant decrease
gained increase in stiffness, loss of gained disc height, i
kyphotic angulation at the affected segment (21). Beca
this, horseshoe -shaped cages probably would be better al
natives than cylindrical cages, because the former are chat
terized by a minor degree of subsidence into adjacent ve
bral bodies. Two- and three-level fusion with the Clowi
technique may require plate stabilization because the fus
ratio may be unacceptable. Anterior plating with Clow
fusion is difficult, however, or not feasible because of pr
lems accommodating serews in adjacent vertebral bodies:
such cases, we advise consideration of the Robmson-Sml
technique. Analysis of the clinical and biomechanical of ‘
of multilevel cervical cage fusion requires experimental sti
ies and clinical trials.

A

CONCLUSION

This experimental study evaluated the immediate stiffn
of C5-C6 motion segment after the Cloward procedure by
of an in vitro human cadaveric model in which four majg
planes of loading flexion, extension, lateral bending, and X2
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rotation were reproduced. The Cloward procedure increases
immediate postoperative stiffness in only two of four critical
motions. Therefore, it is a relatively ineffective method for
increasing the immediate postoperative stiffness of a discec-
tomized cervical motion segment.
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COMMENTS

Maciejczak et al. have provided an interesting biomechani-
cal analysis of the stiffness of a single motion segment of the
cervical spine after fusion by use of the Cloward technique.
Although this experiment would have been particularly in-
teresting had the Smith-Robinson technique been compared
directly with the Cloward technique, comparison with the
study by Schulte et al. (1), which -did analyze the Smith-
Robinson technique, provides. interesting information.
Whereas the Cloward technique as used by the authors dem-
onstrated stiffness only in flexion extension, the Smith-
Robinson technique, as used by Schulte et al., increased stiff-
ness in all four motion directions. This is probably one of the
reasons why the Smith-Robinson technique has widely re-
placed Cloward technique for anterior cervical fusion.

Richard G. Fessler
Chicago, Hlinois

1. Schulte K, Clark CR, Goel VK: Kinematics of the cervical spine
following discectomy and stabilization. $pine 14:1116-1121, 1989,

The authors have performed a valuable service in revisiting
the Cloward technique, One of the earliest means of providing
interbody fusion in the cervical spine, it has stood the test of
time. It has fallen into disfavor recently in a number of circles,
simply because of other alternatives available and the require-
ment for specific tools. In addition, some have thought that
the ability to remove osteophytes laterally is impaired by the
focus of this technique on the ceniral aspect of the disc.

As the authors have demonstrated, the Cloward procedure
seems to stiffen the cervical spine in two directions, even
when a simple bone graft is used without plating. This is in no
part caused by distraction provided before graft placement.
The Cloward procedure is somewhat less effective in stiffen-
ing the spine than other types of fusion, such as the Smith-
Robinson technique, particularly when plating is used. The

‘body cages is of even more concern than plates. The latter ¢;

" the segment would be further weakened by the need to inc

question becomes, however, how much is enough? C
the data from this article as well as from others suggest
we may be stiffening the spine more than necessary to’ p;
mote bone healing. That is undesirable, as we have poinge
out (1, 2)..Overstiffening beyond what is necessary may ngf:
only lead to bone cell death, biit more importantly, it may
precipitate adjacent segment instability.

The authors’ finding should lead us to be concerned reg;
ing the widespread use of titanium plating for smgle—lev
procedures, if the amount of stiffening provided is that su
gested by the authors. The new trend toward cervical lnter

hardly be justified biomechanically on the basis of the pl‘esen
data. This study provides valuable biomechanical mformah(:g
as we consider rational treatment methods for cerv1ca1
disease.

Dennis J. Maiman
Milwaukee, Wlscong%

Pintar FA, Yoganandan N, Maiman DJ: Development. of
biomechanically analogous cervical spine physical model.
Adv Bioeng 39:155-156, 1998.

2. Maiman D], Kumaresan $, Yoganandan N, Pintar FA: Biomec!
cal effect of anterior cervical spine fusion on adjacent segmen
Biomed Mater Eng $:27-38, 1999,

1. Kumaresan 5, Khouphongsy F, Stemper B, Daruwala D, Chezg
B

Maciejczak et al. have used their laboratory to address therr
clinical question regarding the need for a rigid orthosis atter
Cloward cervical decompression and fusion. The experimen
tal design is sound, although fatigue testing was not per
formed. The authors report an increase in immediate segmen
tal stiffness in flexion and lateral bending. No significant
change in stiffness was detected in extension or lateral
bending,

Two specimens that were extremely stiff initially expen,
enced a decrease in flexion stiffness with the Cloward proce
dure. The authors suggest that the less stiff the segment b
surgery, the greater the relative increase in stiffness after _
gery. This will not always be true. The increase in segmenta;
stiffness is at least partially dependent on tensioning e 'T
surrounding ligaments. If this is not competent, one wol ”“
not expect either the Cloward or the Smith-Robinson ;.'-f
procedure to improve the stability of the segment. I predl

the anterior anulus.

I concur with the authors” recommendation that in
normal situation, a cervical collar is not needed postop
tively after a one-level Cloward procedure. 1 do not agigy
with the extrapolation of their findings and speculation,
cylindrical cages will be more stable. They present no datd !
support this claim.

Vincent C. Traynelis
Towa City, lowa’
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