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Abstract
Background: Pedicle screw-laminar hook system has strong �xation and is conducive to bone graft
fusion for lumbar spondylolysis. However, the current pedicle screw-laminar hook �xation system is not
speci�cally designed for lumbar spondylolysis.

Methods: We designed a new anatomic hook-rod-pedicle screw system for young patients with lumbar
spondylolysis. The isthmus and the corresponding pedicle screw entry point were exposed through
intermuscular approach. Autogenous iliac bone graft was obtained to bridge the isthmus defect, and then
anatomic hook-rod-pedicle screw system was used to �x the isthmus in 15 young patients.

Results: At 24 months follow-up, the Visual analogue scale (VAS) score of low back pain decreased from
6.73 ± 0.88 to 0.73 ± 0.59, and the Oswestry disability index (ODI) score decreased from 58.20 ± 8.99 to
7.87 ± 4.97. Computed tomography (CT) showed bilateral isthmic bone healing in 14 cases and unilateral
isthmic bone healing in 1 case. Magnetic resonance imaging (MRI) showed that the lumbar disc signal of
diseased segment and adjacent segments had no change compared with that before surgery. The pain
VAS score of donor site was 0.20±0.41 at the last follow-up. According to Macnab score, the excellent
and good rate was 100%.

Conclusions: The application of this new anatomical hook-rod-pedicle screw system to treat young
patients with lumbar spondylolysis has the advantages of less trauma, simple operation and satisfactory
clinical effects.

Background
Spondylolysis is a bony defect in the pars interarticularis of a vertebra, 1,2 which can be complete or
incomplete, bilateral or unilateral, and more commonly complete bilateral (Fig. 1). 3 It is often
asymptomatic but quite common in young people and adolescents with low back pain (LBP). 4,5 These
patients are usually treated conservatively with analgesics, lumbar orthoses, limitation of movement, and
physical therapy, and surgery is performed only when the pain persists. 6,7 For this young group of
patients, spinal surgeons have paid more and more attention to how to minimize the impact on the range
of motion of the spine and prevent the adjacent segments from producing excessive mechanical stress,
8,9 so as to turn their attention to repairing the pars interarticularis, bone grafting and restoring the
stability of the posterior arch. 10,11 Because the most common lesion of spondylolysis is acquired
pseudarthrosis, bone grafting combined with internal �xation is a treatment that does not require
arthrodesis. There are multiple reports on direct pars repair techniques in the literature. 12–15 Two
common methods are (1) direct repair using a lamina/pars compression screw through the isthmic
defect; and (2) compression of the isthmic defect using a set of pedicle screw, rod, and laminar hook
assembly within the same segment.
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More and more surgeons 16–18 repair lumbar isthmus defect with bone grafting and pedicle screw-
laminar hook system to treat young patients with lumbar spondylolysis, because of its �rm �xation and
good clinical effect. However, the pedicle screw-laminar hook system currently in use is not speci�cally
designed for the treatment of lumbar spondylolysis. It has some disadvantages, such as incomplete
matching between hook and lamina, di�culty in installation between rod and pedicle screw and large
trauma. Complete exposure of the lamina is usually required, resulting in excessive paraspinal soft tissue
dissection. To this end, we designed a new anatomical hook-rod-pedicle screw system and used it to treat
15 young patients with lumbar spondylolysis and to observe its clinical e�cacy.

Methods
From April 2017 to July 2018,15 men with an average age of 22 (18–30 years) participated in the study.
There were 11 cases of single segment, including L4 1 cases and L5 10 cases; 4 cases of double
segments, L3 and L5 1 cases, and L4 and L5 3 cases. All cases were bilateral isthmus defects. Inclusion
criteria: 1. The patient presented with severe low back pain, limited lumbar function, but no radiating pain
(sciatica) in the lower extremities. 2. Computed tomography (CT) of the lumbar spine showed
spondylolysis, but no spina bi�da or missing lamina; Dynamic lumbar radiographs showed no lumbar
instability and spondylolisthesis. 3. At isthmic defect and adjacent levels, there was no disc degeneration
on magnetic resonance imaging (MRI). 4. Conservative treatment, such as restriction of movement, oral
anti-in�ammatory analgesics and physiotherapy for 3–6 months, did not relieve symptoms. 5. Positive
diagnosis test (low back pain disappeared after injection of small dose local anesthetics into the isthmus
defect site). Exclusion criteria: metabolic diseases or chronic in�ammatory diseases, such as
arthrolithiasis, rheumatoid arthritis or ankylosing spondylitis. Physical examination revealed limited
lumbar motion, tenderness above and/or adjacent spinous processes, and normal motor, sensory, and
tendon re�exes in both lower extremities.

The study was approved by the ethical review committee from the General Hospital of Chinese Armed
Police Forces and the study was in accordance with the Helsinki Declaration. All patients gave informed
written consent.

The patient was placed prone on the operating table under general endotracheal anesthesia, carefully
cushioning all pressure points and keeping the neck in a neutral position. A midline incision was made,
cutting the skin to the deep fascia layer. The deep fascia was cut longitudinally 1.5 cm outside the
midline. The longissimus-multi�dusmuscle interval was bluntly dissected with a �nger to avoid
unnecessary tissue damage. Through intermuscular approach, the isthmic defect site and the insertion
point of pedicle screw were exposed, and the �brous tissue at the defect area was removed. A high-speed
burr was used to debride sclerotic surfaces until bleeding bone surface was seen in the fractured pars.
Gross motion was noted in the �ssure area of the isthmus. Care was taken not to injure the facet joint
capsule. Then a universal multiaxial pedicle screw was inserted into the corresponding vertebral body.
Autogenous bone graft was obtained from the posterior superior iliac crest and implanted into the
isthmus defect site, and the donor area of the posterior superior iliac crest was �lled with allogeneic bone.
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After releasing the lower edge of the lamina with the ligamentum �avum stripper, the middle part of the
hook rod was clamped with the rod holding forceps, and the hook could easily hook the lower edge of the
lamina. The rod end of the anatomical hook was connected with the multiaxial pedicle screw. The
construct was then loaded with compression force and tightened.

The contra-lateral anatomical hook-rod-pedicle screw was installed in the same way. After the installation
of both sides, there was no loosening of hook-rod-pedicle screw system and no movement of bone graft.
Then the wound was rinsed with saline, the drainage tube was placed, and the incision was closed layer
by layer. The average intraoperative blood loss was 40 ml (28–56 ml). On the second day after the
operation, the drainage tube was pulled out, and patient put on lumbar brace and got out of bed. X-ray, CT
and MRI were reexamined at 3, 6, 12 and 24 months after operation.

Results
During the follow-up period of 24 months, no patient developed sciatica, motor or sensory disturbance. At
the �nal follow-up, the VAS score of low back pain decreased from 6.73 ± 0.88 preoperatively to 0.73 ± 
0.59 postoperatively, and the ODI score decreased from 58.20 ± 8.99 preoperatively to 7.87 ± 4.97
postoperatively (Table 1). CT showed bilateral isthmus bone fusion in 14 cases and unilateral isthmus
bone fusion in 1 case. The signs of intervertebral discs in diseased and adjacent segments had no
change on MRI. The VAS score of donor site pain was 0.20 ± 0.41. Allogeneic bone �lling in the bone
donor site showed osteogenesis (Fig. 2). According to Macnab standard, 19 the excellent and good rate
was 100% (Table 2). Typical case was shown in Fig. 3.

Table 1
VAS and ODI scores in each time point

Measure Baseline 3 Months 6 Months 12Months 24Months

Back Pain VAS 6.73 ± 0.88 2.20 ± 0.86 1.47 ± 0.92 1.13 ± 0.64 0.73 ± 0.59

ODI 58.20 ± 8.99 21.73 ± 6.24 16.40 ± 4.55 12.13 ± 3.72 7.87 ± 4.97

Donor area VAS - 1.93 ± 0.96 0.67 ± 0.82 0.40 ± 0.51 0.20 ± 0.41

Table 2
Macnab rating in different time points

Postoperative Time Excellent Good Fair Poor

3 months 5(33%) 7 (47%) 3 (20%) 0

6 months 6 (40%) 8 (53%) 1 (7%) 0

12 months 8 (53%) 7 (47%) 0 0

24 months 10 (67%) 5 (33%) 0 0
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Discussion
Lumbar spondylolysis is one of the common causes of low back pain in adolescents. 4 The incidence
rate is 3–10% in adolescents and 6% in adults. 20,21 More than 80% of lumbar spondylolysis appear in L4
and L5. 4 Patients with lumbar spondylolysis mostly like sports or engage in sports, dancing and other
industries. The speci�c cause of spondylolysis may be stress fractures caused by long-term fatigue on
the basis of isthmic dysplasia. For the treatment of symptomatic lumbar spondylolysis in adolescents,
active measures should be taken to avoid further problems such as intervertebral disc degeneration,
herniation, lumbar instability or spondylolisthesis. If early diagnosis of lumbar spondylolysis is made in
adolescents, measures such as wearing a lumbosacral brace and restricting movement will most likely
result in isthmic healing, 22 but those who do not heal should be actively treated by surgery. Main
indication for surgical repair of lumbar spondylolysis is that low back pain is not relieved after at least 6
months of non-surgical treatment, including activity modi�cation, bracing, and physical therapy.
Aggravation of pain, deterioration of neurological symptoms and progressive listhesis also are
indications for surgical consideration. In the present study, our patient group, due to severe low back pain,
failure of conservative treatment for more than 3 months, isthmus dissection, osteosclerosis and
nonunion, needed surgical treatment.

There are many surgical methods for lumbar spondylolysis. In 1968, Kimura described an isolated bone
graft that directly repaired the isthmus defect without internal �xation, retained segmental activity, but
required postoperative cast and long bed rest. 23 Later, Scott 24 proposed the use of wire under the lamina
and transverse processes, which has been improved by several authors over the years. 25,26 In 1970,
Buck27 �rst used screw internal �xation and bone grafting to repair defects directly, and subsequently
other approaches with special constructs and temporary �xations were reported. 28,29 There were also
posterolateral bone graft fusion, cross-segmental pedicle screw �xation and other methods. Patients with
spondylolisthesis or disc herniation can be treated with pedicle screw �xation and interbody fusion. 30

The treatment of young patients with lumbar spondylolysis with isthmus debridement, bone grafting, and
pedicle screw laminar hook �xation has achieved satisfactory results, 17,18,31 which proves that pedicle
screw-laminar hook system has strong �xation and is conducive to bone graft fusion. It is an intra-
segmental �xation and does not affect the lumbar interbody movement and the kinematics of the
adjacent segment. Studies 32–34 have reached a consensus that lumbar intramuscular approach can
reduce the dissection of paravertebral muscles, reduce the denervation of paravertebral muscles, preserve
the structure of muscle ligament complex, reduce postoperative pain and recover quickly. However, the
current pedicle screw-laminar hook �xation system is not speci�cally designed for lumbar spondylolysis.
Before the hook is installed, the muscles around the spinous process and lamina need to be separated,
resulting in severe tissue damage. At the same time, the installation of the system is di�cult because the
lamina, hook and pedicle screw are not on the same plane.



Page 6/14

To solve these problems, we designed a new anatomical hook-rod instrument (Fig. 4), which combined
with pedicle screw to form anatomical hook-rod-pedicle screw system. The system can be installed by
intermuscular approach, which has the advantages of less trauma and convenient operation. At the same
time, the system is �rmly �xed, which is favorable for bone graft fusion. According to the anatomy of
lumbar spine, the spinous process is at a certain angle with the lamina, the lamina is inclined backward
and upward, and the lower edge of lamina and the tail of pedicle screw are at a certain angle with the
sagittal plane. According to the above anatomical features, the hook and the rod are inclined in these
three directions. The hook is completely matched with the lamina, which is conducive to the installation
of the hook at the lower edge of the lamina, and the rod is easy to connect with the universal pedicle
screw. Of course, the angles of L4 and L5 are different. We have designed a series of hook-rods with
different angles, which are convenient for operation. In this study, 15 cases of young patients with lumbar
spondylolysis were treated with isthmus repair, bone grafting, anatomical hook-rod-pedicle screw �xation,
and achieved satisfactory results. At the same time, the injury was small, and the operation was simple
and convenient.

Autologous iliac bone graft is the "gold standard" in bone grafting, 35 and pain in the iliac bone donor
area is a common complication after iliac bone removal. 36 There are many reasons for postoperative
pain in the donor area, such as bone defect, adhesion, osteoporosis and cutaneous nerve injury in the
donor area. A bone block with cortex and cancellous bone is taken from the posterior superior iliac spine
and can be trimmed to a suitable size to meet the needs of bone grafting in the isthmus. To solve the
problem of donor site pain, we used the allogeneic bone with tissue-engineered human bone
morphogenetic proteins (BMPs) to �ll the defect area of posterior superior iliac spine. Allogeneic bone
contains BMPs, which can induce new bone formation and promote bone growth. During the follow-up,
bone growth was found in the defect of posterior superior iliac spine, as shown in (Fig. 2), and the pain in
the bone donor area disappeared.

The application of isthmus debridement, bone grafting and anatomical hook-rod-pedicle screw system
�xation in young patients with lumbar spondylolysis has the advantages of less trauma, simple operation
and satisfactory curative effect. However, it is not suitable for the cases of lumbar spondylolysis with
spondylolisthesis. In addition, it is not also suitable for the cases with missing lamina, bone dysplasia
and lumbar disc degenerative diseases. This new hook-rod-pedicle screw system is undergoing
biomechanical testing and has been patented in China (Patent No.: ZL201721043286.7). This is a small
sample observation study, and further large sample and prospective studies are needed to prove the
superiority and reliability of the system.

Conclusions
Compared with the use of traditional instrument, the application of this new anatomical hook-rod-pedicle
screw system to treat young patients with lumbar spondylolysis has the advantages of less trauma,
simple operation and satisfactory clinical effects.
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Figure 1

Three-dimensional CT scan showed L5 isthmus fracture (blue arrows).
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Figure 2

The donor site of iliac crest was �lled with allogeneic bone, which resulted in osteogenesis (white arrow).
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Figure 3

Typical case. A 21-year-old male patient had recurrent low back pain for more than 2 years. a. Two-
dimensional CT scan showed lumbar spondylolysis at bilateral L4 and L5 levels. b. Lumbar MRI showed
normal signals of all lumbar intervertebral discs. c. Lateral radiograph after lumbar surgery. d.
Anteroposterior radiograph of lumbar spine after operation. e. CT scan of lumbar spine at 6 months after
lumbar operation showed the healing of bone graft in the L4 isthmus. f. CT scan of lumbar spine at 6
months after lumbar operation showed the healing of bone graft in the L5 isthmus. g. 12 months after
the operation, the lateral radiograph showed that the internal �xation had been removed. h. 12 months
after the operation, MRI showed that the signals of all lumbar intervertebral discs were normal.
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Figure 4

a. Newly designed anatomical hook with rod. b. The hook was completely matched with the lamina, and
the rod was connected with the pedicle screw.


