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Influencing factors for axial symptoms after
modified expansive open-door laminoplasty

o/

Faktory ovliviujici axialni priznaky
po modifikované expanzivni open-door
laminoplastice

Abstract

Aim: We aimed to observe the incidence of axial symptoms (AS) after modified expansive open-
-door laminoplasty (EOLP), and to analyze the influencing factors for AS. Methods: Eighty patients
undergoing modified EOLP from May 2020 to May 2022 were selected. They were followed up
for 12 months after operation and divided into an AS group and a non-AS group. Their baseline
data were recorded. The influencing factors for AS after modified EOLP were explored through
binary logistic regression analysis. Results: During the 12-month follow-up after modified EOLP, AS
occurred in 26 (32.5%) of the 80 cases. In the AS group, the preoperative spinal cord compression
rate (PSCR) was higher than that of the non-AS group, the postoperative spinal cord posterior
displacement distance was longer, and the postoperative intervertebral flexion-extension range
of motion (ROM) was statistically significantly smaller (P < 0.05). Increased PSCR and increased
postoperative spinal cord posterior displacement distance were risk factors for AS after modified
EOLP (odds ratio [OR] > 1; P < 0.05), and elevated postoperative intervertebral flexion-extension
ROM was a protective factor (OR < 1; P < 0.05). Conclusion: PSCR, postoperative spinal cord posterior
displacement distance and postoperative intervertebral flexion-extension ROM are closely
associated with the incidence of AS after modified EOLP.

Souhrn

Cil: Nasim cilem bylo sledovat frekvenci vyskytu axidlnich pfiznak( (axial symptoms, AS) po
modifikované expanzivni open-door laminoplastice (EOLP) a vyhodnotit faktory ovliviujici AS.
Metody: Bylo vybrano 80 pacientd, ktefi od kvétna 2020 do kvétna 2022 podstoupili modifikovanou
EOLP. Pacienti byli sledovéni 12 mésicl po operaci a rozdéleni na skupinu s AS a skupinu bez
AS. Byla zaznamenana jejich vychozi data. Faktory ovliviujici AS po modifikované EOLP byly
zkoumany pomoci bindrni logistické regresni analyzy. Vysledky: Behem 12mési¢niho sledovani po
modifikované EOLP se AS vyskytly u 26 (32,5 %) z 80 pfipadl. Ve skupiné s AS byla pfedoperacni
mira komprese michy (preoperative spinal cord compression rate, PSCR) vyssi neZ u skupiny bez
AS, pooperacni vzdalenost posunu michy vzad byla delsi a pooperacni rozsah pohybu (range
of motion, ROM) pfi meziobratlové flexi-extenzi byl statisticky signifikantné mensi (p < 0,05).
Rizikovymi faktory pro AS po modifikované EOLP byly zvysend PSCR a zvysend pooperacni
vzdalenost posunu michy vzad (pomér sanci [OR] > 1; p < 0,05) a ochrannym faktorem byl zvyseny
pooperacni ROM pfi meziobratlové flexi-extenzi (OR < 1; p < 0,05). Zdvér: PSCR, pooperacni
vzdalenost posunu michy vzad a pooperacni ROM pfi meziobratlové flexi-extenzi Uzce souvisi
s vyskytem AS po modifikované EOLP.
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Introduction ament and spinal stenosis [1]. Following

Modified expansive open-door laminoplasty
(EQLP), as a common posterior cervical spine
surgery, is mainly applied in the treatment
of cervical spondylotic myelopathy such
as ossification of posterior longitudinal lig-

modified EOLP, the spinal cord injury of pa-
tients is relieved and the risk of postopera-
tive complications is reduced through par-
tial resection of the vertebral lamina on both
ends and central laminoplasty [2]. However,

axial symptoms (AS) still occur in some pa-
tients after modified EOLP. AS is a common
complication of posterior cervical spine sur-
gery, which can cause posterior cervical ten-
derness and muscle spasm, seriously affect-
ing postoperative recovery and lowering the
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quality of life [3]. Therefore, it is necessary to
investigate the influencing factors for the in-
cidence of AS after modified EOLP. Logis-
tic analysis is a generalized linear regression
analysis model often used for data mining,
so it is of great significance for exploring the
risk factors for diseases [4].

Thus, the influencing factors for AS after
modified EOLP were explored by logis-
tic analysis in this study, aiming to provide
novel insights into future prevention and
treatment.

Patients and methods

General data

A total of 80 patients undergoing modified

EOLP from May 2020 to May 2022 were se-

lected as the subjects,including 45 malesand

35 females. The mean age was (63.50 + 3.07)

years, ranging from 54 to 73 years. The body

mass index was 21-28 kg/m?, with a mean of

(24.50 £ 1.07) kg/m?. The duration of primary

diseases was 13-23 months, with a mean of

(18.05 + 1.56) months. In terms of the primary

diseases, there were 46 cases of cervical spi-

nal stenosis, 25 cases of multi-segmental
disc herniation and 9 cases of calcification
of the posterior longitudinal ligament. As for
underlying diseases, arterial hypertension
occurred in 36 cases and diabetes mellitus
in 7 cases. Besides, 26 cases had a smoking
history and 42 cases had a drinking history.

The inclusion criteria were as follows:

1. patients diagnosed as cervical spinal ste-
nosis, multi-segmental disc herniation and
calcification of posterior longitudinal liga-
ment by imaging examination;

2. those undergoing modified EOLP;

3.those with the symptoms of spinal cord
compression before treatment and failed
conservative treatment for 3 months or
longer, all accompanied by various degrees
of numbness and weakness in the limbs;

4.those undergoing surgery performed by
the same group of surgeons;

5.those who and whose family members
signed the informed consent form.

The exclusion criteria were as follows:

1. patients with a history of cervical spine
surgery;

2. those with cervical deformity or instability;

3.those with cervical spinal cord injury
caused by trauma or tumor;

4.those with inverted cervical curvature
shown by X-ray examination;

5. those with a history of neck sprain or fro-
zen shoulder;

6. those with a history of chronic pain before
surgery, including neuralgia, headache
and trigeminal neuralgia.

Surgical procedures

Modified EOLP was performed. Specifically,
after general anesthesia, the patients were
placed in a prone position with the head fixed
using a Mayfield head frame (Mizuho Med-
ical Group, Tokyo, Japan), followed by rou-
tine disinfection and draping. A cervical pos-
terior median incision was made, the nuchal
ligament was incised, and paravertebral mus-
cles were separated under the periosteum on
both sides of the spinous process to fully ex-
pose the C, and C_ spinous processes. A bone
slot was created at 2mm of the inner margin
of small joint on the open-door side where
the symptoms were severe, while a V-shaped
bone slot was created deep to the medial
cortex of bone using a high-speed drill (Den-
tis Co,, Ltd,, Seoul, South Korea) on the hinge
side. The door was opened using a Tmm ul-
tra-thin lamina rongeur (Synthes GmbH,
Oberdorf, Switzerland). The operation was
conducted based on preoperative MRl im-
ages. In the case of spinal cord compression
at C, _, the C, lamina was completely excised
and the C__, ligamentum flavum was cleared.
In the case of no spinal cord compression, the
C, lamina was partly excised. Among those
preoperatively with spinal cord compression
atC, , the C,_ ligamentum flavum was partly
excised, the C, vertebral dome was partly ex-
cised for undermining spinal canal decom-
pression, and the C, lamina was preserved
intact. Next, the C,_, laminae were lifted one
by one towards the door axis side, and lifted
while being separated if the adhesion was
severe. The ligamentum flavum and adhe-
sion zone at the edge of the vertebral lam-
ina were removed, and the inner margin of
facet joint was removed to fully expose the
dural sac thorough decompression. After-
wards, a mini titanium plate (Syntec Scientific
Corporation, Shenkang, China) was placed on
the open-door side, and fixed on the verte-
brallamina and lateral mass with screws. After
the C,  spinous process was trimmed, the in-
cision was sutured layer by layer. Following
the surgery, the patients wore a cervical collar.

Diagnostic criteria for AS and
grouping method

The patients were followed up for 12 months
after operation by telephone call and outpa-
tient review. According to the related dia-
gnostic criteria [5], AS was defined as neck-

-shoulder pain or new-onset persistent pain
dominated by neck pain 3 months after oper-
ation (which could not be explained by other
reasons), lasting for > 1 month, with a visual
analog scale (VAS) score > 2 points [6]. The
patients were divided into AS group and
non-AS group according to the presence or
absence of AS.

Baseline data

The baseline data of patients were col-
lected, including sex (male/female), age
(= 60 years, < 60 years), body mass index
(= 24kg/m? < 24kg/m?), type of primary
diseases (cervical spinal stenosis, multi-seg-
mental disc herniation, and calcification of
the posterior longitudinal ligament), dura-
tion of primary diseases, preoperative neck-
shoulder pain (Yes, No), intraoperative blood
loss (> 100 mL, < 100 mL), preoperative Jap-
anese Orthopaedic Association (JOA) score
(the patient’s physical function was assessed
using the JOA score before operation [7],
and the higher the score [totally 29 points],
the more severe the dysfunction), opera-
tion time, preoperative spinal cord compres-
sion rate (PSCR) (the ratio of the sagittal diam-
eter of spinal cord compressed by herniated
intervertebral disc and/or protruding osteo-
phyte of the compressed segment to that of
spinal canal in the same plane on the midsag-
ittal T2-weighted image of the cervical spine),
postoperative intervertebral flexion-extension
range of motion (ROM), postoperative spinal
cord posterior displacement distance, diabe-
tes [random blood glucose > 11.10 mmol/L
(Yes, No)], arterial hypertension [diastolic blood
pressure > 90 mmHg and/or systolic blood
pressure > 140 mmHg (Yes, No)], smoking his-
tory (Yes, No), and drinking history (Yes, No).

Statistical analysis

SPSS25.0 software (IBM, Armonk, NY, USA)
was used for statistical analysis. Measurement
data were described by mean + standard de-
viation (x + s), and intergroup comparisons
were performed using the independent-
samples t-test. Count data were described by
percentage (%), and subjected to the y’ test.
The influencing factors for AS after modified
EOLP were explored through binary logistic
regression analysis. P < 0.05 was considered
statistically significant.

RESULTS

Incidence of AS after modified EOLP
During the 12-month follow-up after modified
EOLP, AS occurred in 26 (32.5%) of 80 cases.
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Tab. 1. Baseline data of patients.
AS group Non-AS group 5
Data (N =26) (N = 54) X/t P
male 14 (53.85) 31 (5741)
sex [N (%)] 0.090 0.764
female 12 (46.15) 23 (42.59)
> 60 years 9(34.62) 11 (20.37)
age [N (%)] 1.899 0.168
< 60 years 17 (65.38) 43 (79.63)
i > 24 kg/m? 18 (69.23) 29 (53.70)
bociy mass index g 1746 0186
(N (%)] < 24 kg/m? 8(30.77) 25 (46.30)
cervical spinal stenosis 13 (50.00) 33(61.11)
type of primary . : L
diseases [N (9] multi-segmental disc herniation 9 (34.62) 16 (29.63) 1.102 0.576
calcification of the posterior longitudinal ligament 4(15.38) 5(9.26)
duration of primary diseases (x + s, month) 18.70 + 3.68 1791 £ 4.02 0.846 0.400
i - - yes 10 (38.46) 18 (33.33)
preopgratweo neck-shoul- Y 0203 0652
der pain [N (%)] no 16 (61.54) 36 (66.67)
i i > 100 mL 9 (34.62) 15 (27.78)
mtrzsoperatlve blood loss 0391 0532
(N (%)] <100 mL 17 (65.39) 39(72.22)
preoperative JOA score (X + s, point) 1340+ 3.25 14.02 + 1.84 1.089 0.279
operation time (X + s, min) 132.51 £18.24 130.28 = 19.01 0.498 0.620
PSCR (x *'s, %) 2774 +1.63 2507 £248 4987 <0.001
postoperative intervertebral flexion-extension ROM (x + s, °) 3534 +2.52 38.11+276 4321 <0.001
postoperative spinal cord posterior displacement distance (x s, mm) 3144083 242 +0.86 3.546 0.001
yes 3(11.54) 4(747)
diabetes [N (%)] 0.375 0.540
no 23 (88.46) 50 (92.59)
i i es 14 (53.85) 22 (40.74)
arteorlal hypertension b 1918 0270
[N (%)] no 12 (46.15) 32 (59.26)
- yes 10 (38.46) 16 (29.63)
smoking history [N (%)] 0.624 0430
no 16 (61.54) 38(70.37)
o ) yes 13 (50.00) 29 (53.70)
drinking history [N (%)] 0.097 0.756
no 13 (50.00) 25 (46.30)
AS - axial symptoms; JOA — Japanese Orthopaedic Association; N — number; PSCR — preoperative spinal cord compression rate; ROM - range
of motion

Baseline data of patients

The AS group had a higher PSCR, longer post-
-operative spinal cord posterior displacement
distance, and a smaller postoperative interver-
tebral flexion-extension ROM than those of
the non-AS group (P < 0.05). No statistically
significant difference was found in other data
between the two groups (P > 0.05) (Tab. 1).

Results of binary logistic analysis of

incidence of AS after modified EOLP

Simple logistic regression analysis was con-
ducted, with the incidence of AS after modi-
fied EOLP as the dependent variable ("0" = AS,
“1" = non-AS), and the statistically significant
factors in Table 1 (PSCR, postoperative in-

tervertebral flexion-extension ROM, and post-
operative spinal cord posterior displacement
distance) as the independent variables. Then
the P value was set to < 0.1, and eligible fac-
tors were incorporated in binary logistic re-
gression analysis. The results showed that in-
creased PSCR and increased postoperative
spinal cord posterior displacement distance
were risk factors for AS after modified EOLP
(OR>1; P < 0.05), while an increased postopera-
tive intervertebral flexion-extension ROM was
a protective factor (OR < 1; P < 0.05) (Tab. 2).

Discussion
Axial symptoms are mainly caused by fac-
tors such as destruction of the posterior

cervical ligament complex, peeling off of
C2 and C7 spinous process muscles, re-
duced mobility of the cervical spine, weak-
ened neck strength, and local tissue adhe-
sion and scar formation after cervical spine
surgery [8]. Hunter etal. found that the in-
cidence rate of AS after modified EOLP was
45-80% [9], higher than that (32.5%) in this
study, which may be related to the differ-
ence between surgical skills. Compared to
traditional posterior cervical expansive lami-
noplasty, modified EOLP can keep the verte-
bral stability, shorten the neck collar wearing
time, promote rehabilitation and functional
recovery shortly after surgery, and reduce
the number of patients with postoperative
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Tab. 2. Results of binary logistic analysis of incidence of axial symptoms after modified expansive open-door laminoplasty.

Cl - confidence interval; OR - odds ratio

Influencing factor B SE Wald P OR 95% Cl
high preoperative spinal cord compression rate 0.641 0.203 9.959 0.002 1.899  1.275-2.828
increased postoperative spinal cord posterior displacement distance 1.034 0444 5428 0.020 2.813 1.178-6.716
increased postoperative intervertebral flexion-extension range of motion ~ —0.479 0.172 7775 0.005 0620  0.867-2.425
constant -3.597 6.706 0.288 0.592 = =

axial pain, but AS may still occur [10]. There-
fore, it is still necessary to find the factors re-
lated to the incidence of AS.

In this study, PSCR in the AS group was
higher, the postoperative spinal cord poste-
rior displacement distance was longer, and
the postoperative intervertebral flexion-
-extension ROM was smaller than those of
the non-AS group. The results of binary lo-
gistic regression analysis showed that in-
creased PSCR and increased postoperative
spinal cord posterior displacement distance
were risk factors for AS after modified EOLP,
while an increased postoperative interver-
tebral flexion-extension ROM was a protec-
tive factor.

The possible reasons are as follows. First,
PSCR can reflect the overall status of ante-
rior cervical spinal cord compression [11].
A higher PSCR means more evident poste-
rior expansion of the dura mater following
modified EOLP. During posterior expansion,
the traction of the denticulate ligament and
surrounding connecting structures against
the spinal cord may be increased, thus caus-
ing cervical muscle tension and fatigue and
inducing AS [12]. Meanwhile, the patients
with a high PSCR suffer from greater pres-
sure and obvious deformation of the cervi-
cal spinal cord, which can damage the vas-
cular autonomic nerves innervated by the
cervical spinal cord, induce local insufficient
blood supply to the neck and shoulder, and
lead to neck-shoulder pain and limited ROM,
thus increasing the risk of AS [13]. Spinal cord
ischemia-reperfusion injury may result from
decompression following long-term com-
pression, so the spinal cord undergoes con-
gestion and edema, a large number of free
radicals are generated, and inflammatory
mediators are also secreted, thereby result-
ing in systemic inflammatory responses [14].
Ruan etal. also identified that increased
PSCR was a significant risk factor for devel-
oping AS following EOLP [15].

Secondly, during modified EOLP, the pos-
terior cervical ligamentous complex may be
destroyed in the structure, and the posterior
cervical muscles, nuchal ligament and poste-
rior bony structure may be damaged, result-
ing in the loss of cervical ROM [16]. As a re-
sult, patients have weakened neck strength
and long-term inability to move the neck, so
local tissue adhesion and scar formation may
occur after surgery, thus inducing AS [17,18].
Meanwhile, intervertebral controllability is
weakened and the corresponding interver-
tebral torque and stress are concentrated
due to decreased postoperative interverte-
bral flexion-extension ROM, so the degener-
ation of adjacent vertebrae that cannot tol-
erate shear or rotation is accelerated, and the
risk of AS is increased [19]. Thus, more atten-
tion should be paid to the dynamic balance
of cervical spine curvature and interverte-
bral flexion-extension ROM under postoper-
ative physiological load. Intraoperative cor-
rection should not be overdone to obtain
the static balance of cervical spine curvature
and intervertebral flexion-extension ROM.
Likewise, Lindenmann etal. reviewed the
motion ranges and biomechanical impacts
under physiological loads, which were cru-
cial for maintaining both static and dynamic
balance post-surgery [20].

Thirdly, excessive spinal cord posterior dis-
placement may increase the traction against
C, and C, cervical root in the bony fiber canal,
then diminishing the function of cervical sem-
ispinalis muscles innervated by C, and C, cer-
vical root [21]. The cervical semispinalis mus-
cle is important for cervical stability, and it
bears about 30% of the power for the func-
tion of cervical posterior extensors. In the case
of function decline of the cervical semispi-
nalis muscle, other posterior extensors begin
to maintain the cervical dynamic stability in
a compensatory way, so they are more prone
to fatigue and injury, finally raising the risk of
postoperative AS [22]. Therefore, a short dis-

tance (< 2mm) of posterior displacement can
provide enough space for relieving spinal
cord compression. The main purpose of sur-
gery is to obtain a satisfactory decompression
effect, and there is no need to maximize the
distance of posterior displacement. The pa-
tient's state should be fully assessed before
surgery and closely observed after surgery to
treat possible complications in a timely man-
ner, thus reducing the risk of AS [23].

Conclusion

In conclusion, increased PSCR and increased
postoperative spinal cord posterior displace-
ment distance were risk factors for AS after
modified EOLP, and elevated postoperative
intervertebral flexion-extension ROM was
a protective factor. Paying particular atten-
tion to these factors may help decrease the
incidence rate of AS after modified EOLP.
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