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Abstract
Introduction: The posterior ligamentous complex (PLC) offers restraints to deformation in a complex and
interconnected manner. The stability and range of motion (ROM) of the posterior cervical spine is greatly
restricted when the PLC is damaged, even without bone disruptions. We describe a novel surgical
technique, its advantages, and the postoperative condition of the �rst patient to use arti�cial ligament in
a reconstruction surgery of PLC injuries in patients without lower cervical vertebral fracture. This
technique aimed to fully retain the mobility of the injured segment based on spinal stability and apply
dynamic reconstruction in patients’ treatment.

Method: We present a detailed description of the reconstruction surgery with arti�cial ligaments
performed on C4-6 PLC injuries in a 27-year-old male presented with neck pain and restricted movement
following a high fall injury accompanied by impaired movement of limbs.

Results: Immediately postsurgery, the patient’s neck pain and quadriparesis had been improved. The
spinal canal decompression and cervical spine sequence results were satisfactory, the facet joint face
was in a good position, and the spinous process spacing returned to normal. After three months of
rehabilitation, the patient reported improvement of symptoms and the physical and imaging examination
showed a signi�cant improvement in the patient’s condition. The patient’s neck mobility motor function
had improved further.

Conclusion: The present data demonstrate that the novel technique for reconstruction of PLC injury is
feasible and safe. However, familiarity with cervical anatomy and adequate experience in lateral mass
screws placement during surgery is crucial for this procedure. Therefore, a highly experienced cervical
surgery team is recommended to perform the surgery.

1. Introduction
Posterior ligamentous complex (PLC), also called the posterior tension band, consists of the
supraspinous ligament (SSL), interspinous ligament (ISL), ligamentum �avum (LF), and facet joint
capsules (FJC) [1, 2]. The integrity of this complex prevents excessive �exion, rotation, translation, and
distraction of the spine. These structures offer restraints to deformation in a complex and interconnected
manner. The stability and range of motion (ROM) of the posterior cervical spine is greatly restricted when
the PLC is damaged, even without bone disruptions. Clinical symptoms mainly manifest as instability of
the cervical spine and excessive motion, especially in �exion [3]. The treatment options for patients with
this type of ligament injury can be categorized as either conservative treatment or surgical techniques
involving fusion to prevent progressive deformity and continuous spinal cord compression due to the loss
of tension of the posterior ligament [2]. Fusion surgery has been performed since the 1910s and is
considered the most reliable approach. Short-segment posterior pedicle screw instrumentation has been
commonly used in thoracolumbar �exion-distraction injury due to the signi�cant effect in the
reconstruction of the posterior tension band and restoration of the normal sagittal contour [4–5].
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However, spinal fusion is not suitable for treating patients with this type of ligament structural damage
without fracture, especially for the cervical spine [6–7]. Stability reconstruction of the cervical spine can
cause loss of motion in fusion segments, which increases the ROM in the adjacent segments
compensatorily. Previous studies based on mechanical tests have shown that spinal �xation changes
movement patterns in the adjacent segment. This increases �xation stiffness and adjacent segment
displacement [8]. Inevitable degeneration of adjacent segments has been con�rmed during long-term
follow-up [9–12].

Non-fusion techniques are new methods that can reliably rebuild stability while retaining a certain degree
of motion. In terms of stability, as the stiffness of the internal system of the spine decreases properly due
to the replacement of posterior pedicle screw instrumentation, the effect of stress shelter decreases, while
the ROM increases appropriately. This can improve nutrition metabolization and pressure in the adjacent
disk and prevent adjacent segment mobility and increases in the joint load [13–15]. Therefore, for the
lower cervical spine injury without bony structural damage, it is desirable to fully retain the mobility of the
injured segment based on spinal stability. Dynamic reconstruction is suggested for these patients.

Surgical reconstruction of knee cruciate ligament with bioderived tendon or arti�cial materials has been
in use for years. Tissue-engineering techniques using bioderived tendon provide potential alternatives for
recreating suitable biocompatible �xation materials [16–18]. However, similar to knee ligament rupture,
some patients with lower cervical spine injuries have only posterior ligament complex rupture rather than
bone structure damage. In addition, the cervical spine is not the main load-bearing structure. If there are
no anterior and posterior column bone structural fractures, theoretically it may also be possible to use
arti�cial ligament to rebuild the PLC by longitudinally connecting spinous processes and lateral cervical
masses for cervical dynamic stability reconstruction.

A biomechanical analysis of bilateral facet joint stabilization using bioderived tendon in goats was
conducted. The results showed that this novel non-fusion posterior cervical reconstruction method
signi�cantly limited excessive �exion motion and maintained adequate stability, proving the feasibility
and effectiveness of this technique [3]. We report a novel surgical technique, its advantages, and the
postoperative condition of the �rst patient to use arti�cial ligaments in a reconstruction surgery of PLC
injuries in patients without structural fractures of the lower cervical spine.

2. Case
The patient, a 27-year-old male, suffering from neck pain and restricted movement following a high fall
injury accompanied by impaired movement of limbs was admitted to our department by the emergency
department. Physical examination showed the patient suffered from neck tenderness and tapping pain,
accompanied by decreased skin sensation below the shoulder level. Upper extremity (UE) and lower
extremity (LE) motor grades (0–5) were evaluated before the surgery (Table 1). There were severe (2/5)
and moderate (3/5) weaknesses in the left and right UE, respectively. Meanwhile, severe (0/5) and mild
(4/5) weaknesses existed in the left and right LE, respectively. The preoperative Japan Orthopaedic
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Association (JOA) score was 1, Neck Disability Index (NDI) was 40, neck Visual Analog Scale (VAS) was
6, arm VAS was 4 [19–20]. As for the International Standards for Neurological Classi�cation of Spinal
Cord Injury (ISNCSCI) score, the UE motor score (UEMS) was 19, LE motor score (LEMS) was 20, light-
touch (LT) score was 76, and pinprick (PP) score was 75. The ASIA Impairment Scale (AIS) was grade C
[21–22]. The functional spinal unit (FSU) Cobb angle was − 7.28° and the C2-7 Cobb angle was − 7.69° as
measured on preoperative lateral X-ray. Preoperative CT scans showed no structural fractures of the
cervical spine.. Preoperative magnetic resonance imaging (MRI) revealed soft tissue edema around the
cervical spinous process and spinal cord edema of C4-6, suggesting posterior tension band and spinal
cord injury (Fig. 1).

Immediately postsurgery, the patient’s neck pain and quadriparesis had been improved. Three days after
the operation, there were still neuropathic complaints in the 4 limbs, but there was an improvement of the
left UE (3/5), right UE (4/5), left LE (1/5), and right LE (5/5). The postoperative JOA score was 5, NDI was
23, VAS neck pain score was 3, and the VAS arm pain score was 1. As for the ISNCSCI score, the UEMS
was 25, LEMS was 30, the LT score was 86, and the PP score was 81. The AIS was grade D. The ROM of
the treated level was 8.89° and the overall ROM was 17.56°. The FSU Cobb angle was − 2.56° and the C2-
7 Cobb angle was − 1.29°. Postoperative CT scans revealed the proper location of the anchoring screws.
The scan also showed that the facet joint face was in a good position and spinous process spacing had
returned to normal. MRI showed satisfactory spinal canal decompression and cervical spine sequence
(Fig. 2). In addition, color Doppler ultrasound showed mechanical properties and peripheral blood supply
around the arti�cial ligament during �exion and extension (Fig. 3). The patient’s neck mobility improved
signi�cantly (Fig. 2).

After three months of rehabilitation, the patient’s quadriparesis, especially the left lower extremity, had
been signi�cantly improved. The muscle strength of left UE was grade 4, right UE was grade 5, left LE was
grade 4, and the right LE was grade 5. The postoperative JOA score was 11, NDI was 12, VAS neck pain
score was 0, VAS arm pain score was 0. As for the ISNCSCI score, the UEMS was 37, LEMS was 45, the LT
score was 105, and the PP score was 96. The AIS was grade D. The patient could walk autonomously; the
hand dexterity had improved signi�cantly. Basically, he could live by himself with a stable neurological
situation. The ROM of the treated level was 8.76° and the overall ROM was 18.65°. The FSU Cobb angle
was − 3.42° and the C2-7 Cobb angle was 1.21°. The accuracy of pedicle screw placement was examined
postoperatively using the CT scan. The X-rays showed a satisfactory cervical spine sequence. MRI
demonstrated satisfactory healing of the spinal cord and back soft tissue edema; the endplates were in a
normal spine alignment (Fig. 4).

Generally, the patient reported improvement of symptoms and the physical and imaging examination
showed a signi�cant improvement in the patient’s condition after 3 months. The patient’s neck mobility
and motor function had improved further (Fig. 4).

3. Surgical Technique
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3.1. Posture and exposure

First, we placed the patient in a prone position after routine sterilization. A May�eld skull clamp frame
was used to keep the head in a neutral position and moderately extend. A C-arm �uoroscope was used to
con�rm that the dislocated segment had been reset. A longitudinal posterior midline incision was made
and the lamina and bilateral facet joints of the C4-6 cervical vertebrae were exposed by subperiosteal
dissection. After the surgical exposure, it was found that the spinous process of C4-5 spacing was
increased signi�cantly, ISL and SSL were ruptured, and ligament �ber sequence disordered. The bilateral
FJC was torn and the articular process was semi-dislocated. Interspinous ligament of C5-6 had a severe
contusion and the partial facet joint had contusion and laceration. There were no fractures in the
posterior spinous process, lamina, and bilateral articular processes of C4-6 (Fig. 5).

3.2. C4-6 arti�cial ligament reconstruction between spinous processes
Second, we prepared a cortical bone groove of about 4 mm in diameter on both sides of the base of the
cervical spinous process of C4-6. Reduction forceps assist was pointed to form a bone channel with a
diameter of about 4 mm through the bone groove. The LARS (ligament augmentation and reconstruction
system) (Arc-sur-Tille, France) arti�cial ligament was used for reconstruction. The guidewire with the
headend of the ligament was passed through the C4 spinous process channel, then down the opposite
side through the C5 interspinous process channel to the same side. It was then passed further down to
the C6 spinous process channel from the opposite side to the same side. The head and tail of the
ligament were fully pulled to restore and maintain su�cient tension between the spinous processes, then
the head and tail of the ligament were crossed and tied using end-to-end anastomosis tethering of the
sutures (Fig. 6).

3.3. C4-6 facet joint arti�cial ligament anchoring

Third, bone channels that were parallel to the articular surfaces of the articular processes were drilled to a
diameter of about 4 mm and a depth of about 1.5 cm in the middle of the C4-6 bilateral lateral masses.
The headends of the two LARS arti�cial ligaments were respectively placed into the C4 bilateral lateral
masses bone channels about 1 cm deep. Then two hollow squeeze screw (Arc-sur-Tille, France) with a
diameter of 4.7 mm and a length of 1.5 cm was inserted into the channels to anchor the headends of the
ligaments. With proper tension maintained, the middle of the ligaments was passed into the C5 bilateral
lateral masses bone channels. Hollow squeeze screws with a diameter of 4.7 mm and a length of 1.5 cm
were inserted into the channels to anchor the middle of the ligaments. Then the tail ends of the ligaments
under proper tension were passed into the C6 bilateral lateral masses bone channels. Hollow squeeze
screws with a diameter of 4.7 mm and a length of 1.5 cm were inserted into the channels to anchor the
tail of the ligaments (Fig. 7). The completed state of posterior ligamentous complex reconstruction is
shown in Fig. 7.

3.4. Close the incision
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Finally, C-arm �uoroscopy was conducted to verify the locations of the anchoring screws, the recovery of
the C4-6 cervical spine sequence, and determine whether the anchoring ligament tension was moderate
before the wound was closed layer-by-layer.

This technical note was approved by the Medical Ethical Committee of West China Hospital, Sichuan
University, China. The patient agreed to the academic publication.

4. Discussion
The motion of an intact cervical spinal segment is managed by the coordination of paravertebral
muscles, discs, facet joints, and ligaments. Any injury to these structures can in�uence the function of the
cervical spine, particularly in cases with PLC injury [23]. In previous spinal kinematic studies, researchers
analyzed changes in the ROM and locations of the instantaneous axes of rotation of spinal segments to
evaluate the biomechanical role of each ligament by sequentially cutting the ligaments [24–27]. The
results of these studies indicate that SSL or ISL ligaments are the most resistant structures of the PLC to
compression forces, and FJC contributes less to resistance to compression forces. Therefore, when the
PLC elements are injured, a major proportion of this force shifts onto the intervertebral disc because of
the loss of resistance to compression forces. Meanwhile, the cervical spine loses the restriction of the
posterior ligament, leading to vertebral instability, spinal canal compression, and cervical spine sequence
disorder.

A posterior element failure commonly occurs alongside an anterior structure injury [23]. Therefore, such a
simple posterior tension band injury without fracture is rare. The commonly used operative treatment for
cervical PLC injury includes pedicle screw and plate �xation through anterior approach, and screw-rod
constructs using transfacet screws or lateral mass screws through posterior approach. To achieve the
cervical spine fusion, they can also be combined to stabilize three-column damage or highly unstable
cervical spine [28–35]. A posterior compression type construct and fusion is favorable for treating
thoracolumbar spine PLC injury (often with fractures) due to its strong �xing ability, which is enough to
withstand the gravity of the upper body [36]. However, the cervical spine has high requirements for
movement and �exibility, which are inevitably limited by fusion. Besides, an increased risk of adjacent
segment degeneration cannot be ignored either [37]. Conversely, the fusion treatment is less favorable for
cervical PLC injuries.

Non-fusion therapy with arti�cial ligament reconstruction for PLC injuries on humans has not been
reported. However, previous researchers have proposed some approaches similar to the one introduced in
the present study. Ngo et al. used interlaminar wiring �xation looped between the spinous process base to
treat patients with fracture and contralateral dislocation of the twin facet joints of the lower cervical spine
[38]. This is similar to our reconstruction of the interspinous ligament using the arti�cial ligament with a
�gure “8” cross-tie. However, this method is essentially a fusion therapy due to the high rigidity of the
wire. Moreover, the technique has certain risks; it may cause serious neurologic sequelae because the wire
is passed beneath the lamina. Wang et al. conducted biomechanical test of bilateral facet joint
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stabilization using a bioderived tendon with a �gure “8” cross-tie through the bone tunnels drilled through
the facet joint to simulate the function of broken joint capsule ligaments. This inspired the creation of our
new technology [3]. Besides, Hamoud et al. presented a new method for stabilization of a rare unstable
�exion-distraction injury of the upper cervical spine in a toddler. They performed a posterior approach
�xation of the spinous processes with absorbable sutures without fusion. The toddler had a good
prognosis and no complications [39]. Though the unique anatomy and biomechanics of the pediatric
cervical spine determine the difference between pediatric and adult injury patterns and treatment options,
it still illustrates the feasibility of non-fusion technologies.

Based on previous clinical research and patient condition, we created a novel surgical technique,
involving arti�cial ligament anchoring of the facet joints and arti�cial ligament reconstruction between
spinous processes, to simulate the function of damaged FJC, SSL, and ISL. However, currently, this
technology is only applicable to a pure rear tension band damage case (AO type B2 according to the AOS
pine subaxial cervical spine injury classi�cation system [40]). It might be more suitable for traditional
fusion if combined with a fracture or severe cervical instability.

The advantages of this technique are as follows: (1) The target structure of the surgical procedure is
direct and the operation procedure is clear, which improves repeatability. (2) It uses ligament-screw
anchoring construct and interspinous arti�cial ligament reconstruction to separately simulate the FJC and
the interspinous spine ligament (SSL and ISL) functions. This restores the anatomical structure and
biomechanical function of the cervical spine. (3) Three parallel arti�cial ligaments provide su�cient
tension for the cervical spine and guarantee the maintenance of stability and normal physiological
curvature of the cervical spine. In addition, the �gure “8” �xation method between the spinous processes
also achieves a balance of forces on both sides of the spinous process. (4) The ligament is an elastic
material that can be properly extended or contracted according to the patient’s neck movement, which
greatly preserves the patient’s neck mobility. (5) Finally, we improved the stabilization method of bilateral
facet joints in Wang et al study [3]. The bone tunnels drilled through the facet joint for the passage of
bioderived tendon may cause facet joint degeneration; hence, we used lateral mass screw anchoring as
an alternative.

However, our technology has some limitations. First, since this is a novel technology, only a single
operation was applied. An insu�cient number of cases limits the objective evaluation of surgical effect
and safety. Second, since the long-term follow-up of the patient is in progress, long-term prognosis,
especially the existence of unpredictable potential complications, cannot be presently addressed. Third,
this technology was only applied to the PLC injury of the cervical spine. Future studies should apply the
technology in the repair of the PLC injury of thoracolumbar segments or patients with minor cervical
fractures, to improve the technology under various conditions. To fully understand the implications of this
technique, active follow-up and evaluation of our present patient will be maintained. The technology will
also be frequently applied to increase the number of cases. Further biomechanical experiments and �nite
element analysis with this technology are necessary for the future.
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5. Conclusions
In conclusion, the present data demonstrate that the novel technique for reconstruction of PLC injury may
be feasible and safe. However, familiarity with cervical anatomy and adequate experience for the lateral
mass screws placement during the surgery is crucial for this procedure. Therefore, this surgery should be
best conducted by a highly experienced cervical surgery team.
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Figure 1

Preoperative imaging data of the patient. (A&B) Anteroposterior and lateral radiograph of the cervical
spine on admission showing dislocation of C4-6, with overdistraction. (C-E) Sagittal CT images showing
dislocation of C4-6 vertebral bodies(C) and bilateral facet joints(D: Left, E: Right); also revealing no
damage to the cervical spine bones. (F,G) Sagittal T1-weighted MRI(F) showing no cervical disc
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damage,T2-weighted MRI(G) showing soft tissue edema around cervical the spinous process and spinal
cord edema of C4-6, suggesting posterior tension band and spinal cord injury (red arrow).

Figure 2

Imaging data of the patient three days after surgery. (A&B) Anteroposterior and lateral X-ray radiographs
of the cervical spine on admission showing reset C4-6 and restored sagittal contour.(C&D)Fexion and
extension images of cervical spine showing recovery of mobility and stability. (E-G) Sagittal and coronal
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CT images showing the recovery of the alignment of C4-6 vertebral bodies and bilateral facet joints(F:
Left, G: Right). Proper locations of anchoring screws are also con�rmed. (H&I) MRI revealing satisfactory
spinal canal decompression and cervical spine sequence. (J&K) Representative photographs showing the
patient’s neck postures postsurgery. The neck mobility had signi�cantly improved.

Figure 3

The color Doppler ultrasound showing satisfactory mechanical properties and peripheral blood supply
around the arti�cial ligament during �exion and extension. (A) Flexion position; the diameter of the
arti�cial ligament was approximately 4.1 mm(double-headed arrow). (B) Neutral position; the diameter of
the arti�cial ligament was approximately 4.4 mm(double-headed arrow). (C) Extension position; the
diameter of the arti�cial ligament was approximately 6.5 mm(double-headed arrow). (D) The peripheral
blood supply around arti�cial ligament.
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Figure 4

Imaging data of the patient three months after surgery. (A & B) Anteroposterior and lateral X-ray
radiographs of the cervical spine showed the normal sequence and curvature of the cervical spine and
endplates in a normal spinal alignment.(C&D)Fexion and extension images of cervical spine showing
further improvement of mobility and stability. (E-G) Sagittal and coronal CT images showing
maintenance of alignment of C4-6 vertebral bodies and facet joints. There was no anchoring screws
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displacement. (H & I) MRI demonstrating satisfactory healing of the spinal cord and back soft tissue
edema. (J-M) Representative photographs of the patient’s neck postures after 3-month rehabilitation. The
mobility and motor function had further improved.

Figure 5

The patient’s PLC injury before the surgery. (A) Intraoperative image. Three-dimension (3D) reconstruction
diagram. (B) Lateral view; (C) oblique view; and (D) top view.
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Figure 6

Procedures of C4-6 arti�cial ligament reconstruction between spinous processes. (A) Intraoperative
image. (B-E) Systematic 3D reconstruction from top view images.
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Figure 7

Procedures of C4-6 facet joint arti�cial ligament anchoring. (A) Intraoperative image. (B-D) 3D
reconstruction diagrams in oblique view. (E & F) The completed state of ligament reconstruction.


