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Original Article

The Changes in Neural Foramen Shown on Computed Tomography
Depending on the Changes in the Height of Intervertebral Disc
after Anterior Cervical Discectomy and Fusion (ACDF)

Young-Sang Lee, M.D., Woo-Suk Song, M.D., Joon-Cheol Choi, M.D., Woo-Sung Kim, M.D.
Hwa-Yeop Na, M.D., Yu-Hoon Jung, M.D., Kook-Hee Cho, M.D., Tac-Hoon Park, M.D.
Dae Hyeon Kim, M.D., Heui-Jeon Park, M.D.*

Department of Orthopedic Surgery, Bundang Jesaeng General Hospital, Daejin Medical Center,Sungnam , Gyounggi, Korea
Department of Orthopedic Surgery, Yonsei University Wonju College of Medicine, Wonju Christian Hospital™

Study Design: A prospective radiological assessment.

Objectives: Changes in the height, area, and width--captured using computed tomography (CT)--of the neural foramen with respect to
changes in the intervertebral disc height, after undergoing an anterior cervical disc removal and fusion procedure.

Summary of Literature Review: The multiple authors of this study, by obtaining central canal and area of neural foramen by increasing
the disc spacing height and area of the neural foramen, attempted to assess the height increase of disc spacing. It is necessary to
consider the synergistic effects of decompression through dissection of the posterior longitudinal ligament (PLL).

Materials and Methods: The authors studied 17 patient cases that underwent one segment anterior cervical discectomy and fusion
(ACDF) for degenerative cervical disease from June 2006 to March 2007. All patient cases underwent autogenous iliac bone graft or cage
insertion with plate fixation procedure. We measured the areas of the neural foramen, heights of the vertebra body above and below the
removed intervertebral disc with CT before and after ACDF. Radiographic measurements were averaged.

Results: Among the 17 cases, the height of the cervical disc increased in 15 cases and decreased in 2 cases. The heights of the neural
foramen increased in 19 cases and showed no changes in 13 cases. The areas of the neural foramen increased in 23 cases and decreased
in 6 cases. The heights of vertebral body above and below the removed disc increased by 5.4% (p=0.734), and the heights of the neural
foramen increased by 13.3% (p=0.002). The area of the neural foramen increased by 13.6% (p=0.192). The widths of the neural foramen
increased by 2.3% (p=0.586). The intervertebral disc height, neural foramen height, and neural foramen area increased by 39.6%, 8.4%,
and 17.9%, respectively, after a 2Zmm lengthening of bone transplant. The intervertebral disc height, neural foramen height, and neural
foramen area increased by 59.8%, 22.9%, and 10.3%, respectively, after a 3mm lengthening of bone transplant. The height and area of
neural foramen increased by 18.3% and 18.2%, respectively, after the PLL removal and dissection.

Conclusions: The follow-up observations of the intervertebral disc height, neural foramen height, and neural foramen area showed
increases after one segment ACDF in cervical disease cases, when compared to the preoperative radiographic findings. As the height of
bone transplant increased, the intervertebral disc height, neural foramen height, and neural foramen area increased. The neural foramen
height and neural foramen area significantly increased, when PLL was dissected.
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methods for degenerative cervical spine disease. This surgical
technique, by directly removing lesions and by transplanting

anterior trabecular bone, can attain postoperative stability,

. . . . o “This is an Open Access article distributed under the terms of the
increase intervertebral disc height, and indirectly expand neural  creative Commons Attribution Non-Commercial License (http:/
creativecommons.org/licenses/by-nc/3.0/) which permits unrestricted
non-commercial use, distribution, and reproduction in any medium,
provided the original work is properly cited.”

foramen; on the other hand however, it has disadvantages of
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difficulty in directly identifying the nerve roots and inability
in directly determining increase in the neural foramen after
trabecular bone transplant.””

Although a number of studies have progressed and reported
in regard to the anatomical and clinical relationships among the
intervertebral discs, neural foramen and nerve root in the lumbar,
as far as the cervical vertebrae is concerned they are confined
to a few research bodies and it’s rare to see studies done with
real CT imaging of before—after 45 degree angle views of neural
foramen."™

As such, the authors of this study attempted to evaluate
the changes in the height of intervertebral disc —— after
undergoing ACDF for degenerative cervical disease —— and
the accompanying interrelationship through radiological

measurements.

RESEARCH SUBJECTS AND METHODS

From the intervertebral discs of the 17 patients who underwent
ACDF at our hospital from June 2006 to March 2007 for
cervical spinal disease, the neural foramen of the 32 cases of
which the pre— and post—operative measurements were feasible
were used as study subjects. The average age was 40.06—years
(range of 36-65 years).

In all cases, the standard left—side Smith—Robinson method
was used in surgery."" Among these, 5 spinal segments
underwent conventional palliative disc removal procedure
without the aid of a microscope or loupe; 12 spinal segments
underwent palliative disc removal procedure with the aid of a
microscope. Autogenous iliac bone graft was done on 7 spinal
segments, and cage was used in 10 spinal segments. Regarding
the surgical sites, 2 segments were C3—4; 2 segments were
C4-5; 8 segments were C5-6; 5 segments were C6—7. Of the
total 17 segments, patients with posterior longitudinal ligament
removed or dissected were 12 segments in 23 cases of neural
foramen; patients who preserved posterior longitudinal ligament
were 5 segments in 9 cases of neural foramen. The left—side
Smith—Robinson method was used to remove intervertebral disc

and anterior osteophyte, and afterwards endplate cartilage was

removed, and calipers were used to measure disc spacing and
a transplant material that is 1-2mm or 3mm larger than the
original disc was inserted.

Radiographic changes were measured using the axial cervical
spine computer plots taken at every Imm and CT imaging
including the 45—degree slope and the side reconstructions
(SIEMENS-somatom sensation 64°) that were taken before
surgery and within 1 week after surgery, for the distance
between adjacent vertebrae, neural foramen height, neural
foramen width, and neural foramen area. In order to find out
the height of the vertebral disc, the distance between the upper
endplates of the upper vertebral body and the lower endplates
of the lower vertebral body of the area proximal to the vertebral
disc removal site was measured (Fig. 1A). The reason for
measuring the disc spacing by including the adjacent upper and
lower intervertebral discs was because the endplate cartilage
of the intervertebral disc and subchondral bone were partially
removed during surgery, i.e., measuring only the disc spacing
before—after surgery could indicate inaccurate values.

The average of the measurements by two spine surgeons
was used as the measurement. The statistical significance of the
measurements of the changes in the neural foramen height and
area with respect to the changes in the height of the intervertebral
disc was evaluated.

Statistical processing was done with the SPSS ver. 15.0; the

Mann—Whitney test and Wilcoxon test were used.

RESULTS

Among the total of 17 segmental surgery cases, 15 segments
showed a post—operative increase in the distance between
adjacent vertebrae; there were no cases of a decrease; 2 segments
showed no changes. 19 cases showed a post—operative increase
in the neural foramen height; there were 13 cases of neural
foramen with no changes in height; there were no segments that
showed a decrease in height. The neural foramen area increased
in 23 cases; 3 cases showed no changes; 6 cases showed a
decrease.

The distance between adjacent vertebrae showed a 5.4%
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increase by going from the average 29.8 + 10.3mm to average
314 + 11.0mm; the neural foramen height showed a 13.3%
increase by going from 8.3 £ 1.Imm to 9.3 £ 1.4mm. The
neural foramen area showed a 13.6% increase by going from
the average 31.7 + 11.4mm2 to 36 + 10.9mm?2 (Table 1).
The cases of inserting transplant materials that were Imm,
2mm and 3mm larger than the intervertebral disc height
measured during surgery were separated and measured, and
the results of which showed that the case with transplant

that was 3mm larger showed the largest increases in the disc

Table 1. preop baseline measurement and postop change in intervertebral disc and
foramen of total 17 segments

Pre-op Post-op IR (%)

Hogitof 298+10.3 3144110 54
Adjacent vertebral body (mm) e Ll :
Height of

Intervertebral foramen (mm) 8311 94£14 133
Width of

intervertebral foramen (mm) 4313 44412 23
et 317114 36+109 136

intervertebral foramen (mm?2)

*IR=increased rate

Fig. 1. (A) Height of intervertebral disc,(B) Height of intervertebral foramen. (€) Width of intervertebral foramen
98 www.krspine.org
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Table 2. Changes in height of intervertebral disc, Height of intervertebral foramen and area of intervertebral foramen with graft height difference

Height of adjacent vertebral
Cage

Height of intervertebral Area of intervertebral

body(mm) foramen(mm) foramen(mm?2)
1 Pre-OP 31.96+7.47 84+10 298+152
mm
Post-OP 32.83+7.06 8.7+1.0 32.8+16.1
(8 foramens)
IR*(%) 2.7 35 101
2 Pre-OP 2999858 8109 324481
mm
Post-OP 31.79+9.66 8.9+1.1 36.8+7.5
(14 foramens)
[R*(%) 6.0 98 136
3 Pre-OP 2731135 8.0+15 32.0+18.1
mm
Post-OP 29.97+132 93+16 37.7+79
(7 foramens)
IR*(%) 97 16.3 178

*IR=increased rate

Table 3. Changes in intervertebral foramen. Between PLL released group and PLL preserved group

Height of Intervertebral foramen (mm)~

Area of intervertebral foramen (mm?)”™

Pre-OP 8.2+1.1
PLL released
Post-OP 97413
(23 foramens)
IR(%) 183
Pre-OP 8.740.7
PLL preserved
Post-OP 8.7+08
(9 foramens)
IR(%) 0
p=0.00

3144126
37.1£12.1
182
324+79
33.146.7
22

p=0028

*IR=increased rate, **p<0.05, ***p<0.05

Table 4. preop baseline measurement and postop change in adjacent intervertebral disc and foramen of total 17 segments

Pre-op Post-op IR (%) P-value
Height of Intervertebral foramen (mm) 9.78+1.14 10.26+1.39 48 P=0.23
Width of intervertebral foramen (mm) 45+08 47411 47 P=0653
Area of intervertebral foramen (mm?) 360114 36.6£109 167 P=0575

*IR=increased rate

spacing, neural foramen height and neural foramen area: a
directly—proportional trend with increasing transplant size was
indicated (Table 2).

In the cases where posterior longitudinal ligament was
preserved, the neural foramen height average stayed the same,
going from 8.7 + 0.7mm to 8.7 + 0.8mm; the neural foramen
area increased by 2.2%, going from 32.4 + 7.9mm?2 to 33.1 +
6.7mm?2. However, in the cases where posterior longitudinal
ligament was removed or dissected, the neural foramen height
average increased by 18.3%, going from 82 £ 1.lmm to0 9.7 £
1.3mm; the neural foramen area increased by 18.2%, going from
314 + 12.6mm2 to 37.1 = 12.1mm2 (Table 3). These increase

were statistically significant (p <0.05).

We attempted to ascertain whether the increase in the
intervertebral disc height and the change in the neural foramen
area had any effect on the adjacent segments of the area
proximal to surgery, by measuring the neural foramen height
area and width of the upper segment and lower segment around

the surgery site, however, there were no significant changes (Table

4).

DISCUSSION

The size of the cervical neural foramen is related not only to

the intervertebral height but also to the cervical lordosis angle; an
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increase in the cervical lordosis angle decreases reduces the neural
foramen area,"'*"”

The cervical neural foramen is a 4-5mm bony tube that
is 45—degree angle to the coronal plane toward the anterior
direction and 10—degree angle below the horizontal plane.'” The
neural foramen height is 8-~9mm; within the neural foramen,
the nerve roots are below the intervertebral disc; the dorsal nerve
ganglion is close to the upper directional joint condoyle; the
ventral nerve root is close to the lower side of the neural foramen
and the uncinate process.’® As such, due to close association
with the nerve roots within the neural foramen, the nerve roots
are susceptible to degenerative changes. In other words, the
mechanical stress due to hypertrophies of the facet joint and
uncovertebral joint and a decrease in intervertebral disc height
can cause cervical radiculopathy.wm) ACDF, with improved
safety from its direct approach to lesion and high fusion rate,
prevents hypertrophy the facet joint, and promotes increase in
disc spacing, thereby resulting in indirect decompression; for
these reasons, it has recently been used widely as an effective
treatment for cervical degenerative disease.

1.2 stated that with only an increase in the

Bayley et a
intervertebral height without removing bony spurs, by
increasing the areas of the central canal and neural foramen,
indirect decompression effect can be achieved. In our study, we
attempted see the effects of indirect decompression on the nerve
roots by measuring the changes in the intervertebral discs and
neural foramen using CT scans.

The results of our study showed that the neural foramen
height and area increased with respect to the actual changes
in the adjacent vertebrae; this was shown as being statistically
significant. However, the neural foramen width change was
not statistically significant, the cause of which can be surmised
as attributable to the fact that the cervical neural foramen is
comprised of the upper vertebrae notch and lower vertebrae
notch, and this does not overlap in the space that forms the
neural foramen, and the changes in the neural foramen height
and changes in the anterior lordosis angle and posterior lordosis
angle would need to be to some extent constant. Therefore,

in the cases of those patients who developed neurological

100 www.krspine.org

symptoms due to, according to the preoperative radiological
observation, the protrusion of bony spurs causing the narrowing
of the neural foramen width, an indirect decompression would
have limitations; a direct decompression procedure would need
to be attempted.

There have been numerous studies about the postoperative
appropriate height of disc spacing: according to Olsewski et al.””
it was recorded that increasing the height of the intervertebral
disc by more than 3mm could lead to increased pressure on the
transplant material, thereby leading to a collapse. And An et al.
stated in their study that a 2mm increase of the intervertebral
disc led to the largest increase in the neural foramen area and
height.1) In our study, in regard to selecting the height of
transplant material, 3mm increase rather than 2mm showed as
having meaningful impact on increasing the intervertebral disc
height, neural foramen height and neural foramen area; even
in the cases where the increase was more than 3mm, a collapse
of the transplant material was not observed. However, these
observations were made 1-week after the surgery, therefore, a
continual follow—up future observations are necessary.

In our study, in the cases where the posterior longitudinal
ligament was dissected, statistically significant amounts of
increases were shown for the neural foramen height and
area; this would be attributable to the fact that dissecting of
the posterior longitudinal ligament can act as an important
ingredient to indirectly decompressing the neural foramen.
The reason why the increase in the intervertebral disc height
was showing small, compared to the amount of increase in

the transplant material, was thought to be due to the potential

Fig. 2. Foraminal area of 54 years old female patient decreased by in-
creasing lordosis and facet orientation change after ACDF.
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association with the soft tissues proximal to the cervical discs;
as such, there can be some cases where there is no increase in
the neural foramen height. This can be supporting evidence that,
during the anterior decompression, there is a higher possibility of
an intervertebral disc height increase for patients who underwent
posterior longitudinal ligament removal.

In this study, there were 6 cases of decrease in the neural
foramen area, the cause of which can be considered as the
fact that the transplant material was positioned only in the
anterior part of the vertebrae while in a state of incomplete
decompression to the posterior part of the vertebrae, thereby
causing only a local change and reduction in the neural foramen
area(Fig.2).

In addition, although it was predicted that the increase in the
neural foramen area would affect the adjacent segments, based
on the results of this study, no statistically significant changes
were observed(Table 4).

In this study, the post—~ACDF changes in the neural foramen
were radiographically measured, but a clinical comparative
research of the patients with foraminal stenosis with actual
clinical symptoms is needed; since these would be preoperative
and postoperative measurements, follow—up observations would
be needed for changes due to the sedimentation of the endplates
after fusion; the fact that the anterior lordosis angle was not
taken into consideration can be limiting; a study based on many

more patients is needed.

CONCLUSION

Based on the results of studying the follow—up observations
of patients who underwent one—segment ACDF for cervical
spine disease, the height of the intervertebral disc and neural
foramen height and neural foramen area were observed to have
increased after operation compared to before operation. The
height of the intervertebral disc and neural foramen height and
neural foramen area increased proportionally with the increase
in the height of the transplant material used in the operation. In
the case where the posterior longitudinal ligament was removed,

the neural foramen height and neural foramen area showed

significant increase as well.

REFERENCES

10.

11.

12.

. An HS, Evanich CJ, Nowicki BH, Haughton VM. Ideal

thickness of Smith—-Robinson graft for anterior cervical
fusion. A cadaveric study with computed tomographic
correlation. Spine (Phila Pa 1976). 1993;18:2043-7.

. Robinson, Robert A., George W. Anterolateral cervical Disc

removal and interbody fusion for cervical disc syndrome.
Bull Johns Hopkins Hosp. 1955:95:223-4.

. Aronson N, Filtzer DL, Bagan M. Anterior cervical

fusion by the Smith—robinson approach. | Neurosurg.
1968;29:396-404.

. BAILEY RW, BADGLEY CE. Stabilization of the

cervical spine by anterior fusion. ] Bone Joint Surg Am.
1960:42:565-94.

. Bernard TN Jr, Whitecloud TS 3rd. Cervical spondylotic

myelopathy and myeloradiculopathy. Anterior
decompression and stabilization with autogenous fibula
strut graft. Clin Orthop Relat Res. 1987:(221):149-60.

. Emery SE, Bohlman HH, Bolesta M], Jones PK. Anterior

cervical decompression and arthrodesis for the treatment
of cervical spondylotic myelopathy. Two to seventeen—year
follow—up. ] Bone Joint Surg Am. 1998;80:941-51.

. Hasegawa T, An HS, Haughton VM, Nowicki BH.

Lumbar foraminal stenosis: critical heights of the
intervertebral discs and foramina. A cryomicrotome study in
cadavera. ] Bone Joint Surg Am. 1995;77:32-8.

. Song KJ, Choi BW, Park HJ. Anterior Cervical

Decompression and Fusion for the Treatment of Cervical
Spondylotic Myelopathy. ] Korean Orthop Assoc.
2002;37:787-94.

. Song KJ, Kim HJ, Kang HK. Anterior Decompression and

Fusion for the Surgical Treatment of Cervical Spondylotic
Myelopathy. ] Korean Soc Spine Surg, 2000;7:439-47.
Ullrich CG, Binet EF, Sanecki MG, Kieffer SA. Quantitative
assessment of the lumbar spinal canal by computed
tomography. Radiology. 1980;134:137-43.

Humphreys SC, Hodges SD, Patwardhan A, Eck JC,
Covington LA, Sartori M. The natural history of the cervical
foramen in symptomatic and asymptomatic individuals aged
20—60 years as measured by magnetic resonance imaging, A
descriptive approach. Spine (Phila Pa 1976). 1998;23:2180-
4,

Jenis LG, Banco S, Jacquemin JJ, Lin KH. The effect of

www.krspine.org 101



Woo-Suk Song et al

Volume 18 ¢ Number 3 ¢ September 2011

posterior cervical distraction on foraminal dimensions
utilizing a screw—rod system. Spine (Phila Pa 1976).
2004529:763-6.

13. Kim NH, Kim HK, Suh JS. A computed tomographic
analysis of changes in the spinal canal after anterior lumbar
interbody fusion. Clin Orthop Relat Res. 1993;(286):180-
91.

14. Bohlman HH, Emery SE, Goodfellow DB, Jones PK.
Robinson anterior cervical discectomy and arthrodesis
for cervical radiculopathy. Long—term follow—up of one
hundred and twenty—two patients. ] Bone Joint Surg Am.
1993;75:1298-1307.

15. SMITH GW, ROBINSON RA. The treatment of certain
cervical-spine disorders by anterior removal of the
intervertebral disc and interbody fusion. ] Bone Joint Surg
Am. 1958;40:607-24.

16. HADLEY LA. Intervertebral joint subluxation, bony
impingement and foramen encroachment with nerve root
changes. Am ] Roentgenol Radium Ther. 1951;65:377-
402.

17. Yoo JU, Zou D, Edwards WT, Bayley J, Yuan HA. Effect of
cervical spine motion on the neuroforaminal dimensions of

18.

19.

20.

21.

22.

23.

human cervical spine. Spine (Phila Pa 1976). 1992;17:1131~
6.

Pech P, Daniels DL, Williams AL, Haughton VM. The
cervical neural foramina: Correlation of microtomy and CT
anatomy. Radiology. 1985;155:143-6.

Ebraheim NA, An HS, Xu R, Ahmad M, Yeasting RA.
The quantitative anatomy of the cervical nerve root groove
and the intervertebral foramen. Spine (Phila Pa 1976).
1996;21:1619-23.

Hinkle D.E., W. Wiersma, S.G. Jurs. Applied statistics for
the behavioral sciences. Houghton—Miifflin. 1979;84-5.
Tanaka N, Fujimoto Y, An HS, Tkuta Y, Yasuda M. The
anatomic relation among the nerve roots, intervertebral
foramina, and intervertebral discs of the cervical spine. Spine
(Phila Pa 1976). 2000;25:286-91.

Bayley JC, Yoo JU, Kruger DM, Schlegel J. The Role of
distraction in Improving the space available for the cord in
cervical spondylosis. Spine (Phila Pa 1976). 1995;20:771-5.
Olsewski JM, Garvey TA, Schendel M]J. Biomechanical
analysis of facet and graft loading in a Smith—Robinson
type cervical spine model. Spine (Phila Pa 1976). 1994;19:
2540-4.

0 Ho A2 LELLHALCY.

01947 420 ¥} gti= b} 132f0lgiom, 23t
S0 A2
13,6%(p=0.192), =
Atol=| 0|AIZ9| b=0|7} 2mm E71s I
il FZHt =0|= 59.8%, F7+5 =0l= 22 9% 10l=
=182% Eotsieict

BE: FA| Z, F2HO| 0], 52

2 LH|= 2.3%(p=0, 586) S7ISIACL.

20| 20|, Ho|= SofsiCt SuEzelr FEEL]

= qafp

U]
Hir
o

MQITto] : F7hE F218, Mt welE, 258 0%, A0IX]|
=
=

Zak 5 1700 8%} 5 £ 3 FA0] 07} E71t BP} 1580[2iom, 2
Sixl= giolct, Z7k2o]

Iz”i 22| {0l FH| Z0l= & 5.4%2| SIHES

k52| =0], Hol= === ol Hlsl 57

HPRI: AR M £ LS, RUES AIYLS F £7H0| 0| HE(0) Tf2t £2430| £0/9 0], L] HEHS ZIFE THS el Aol
=x43i9ict

MERBO| 20F: 0f2f HAISS £2430| £0I9} H10IS BS7HAIAH S AZTO| LiH|S Bieslo] £7HE 24240] 0| S712 ORI ek,

28 52 olojo| F2IS Sai0! 2ol AB@ ol thsf T2{ETLI} 3

CHaH S S 2000 G2IPE] 2007 BRIHA| ZH Sis TEOR Ea Ha 740 ST FESS AMLS 21} 17212 thA= 331
CF. ZofA] A7} EE OlAE 22 A0 |XIS MIBINN SETHE 083 IHES WHEICH

2 M3 ZFE| TS 29 Mo| F7HHS H{EH £919] flofeh FHI0] £0], £2K30| £0], L], H0IS SN MARISIN HZKIS Ast

H=0|‘— 396%, 7t =0|= 8,

103% E7I5131ct, =2

e =07} 24510

5 0l= 2337t E716Iien,
= 22 (p=0.734), =

o

%E‘iilif = O|4=2 Z0[7t Sretof met 5=

iloil 2 LEhE F2t82] Hel

S2| =07t STtk etxk= 192
I“ "*0|7P:.‘i0b ch

& =0|= 13.3%(p=0.002), F2+= Hol=

=0

FEREF
62

4%, s{0I= 17.9% S7I5t3ACt. = 0|AlE HoPt 3mm S7IR4E

% oIHS A, Ral3t 22 F243 £OI= %183 %, 523 50|

ZHHO| =02t =2t

oTi

22 =it

102 www.krspine.org



