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Abstract

Introduction: This study is designed to explore the biomechanical principles of posterior bilateral
pedicle screw on steps progressively and tight closure on every step for severe angular kyphosis
and the indication conditions and clinical pathways of above new technique. Materials and Me-
thods: A total of 90 patients have severe angular kyphosis, 37 males and 53 females, with an aver-
age age of 47 years. All patients were treated with posterior bilateral pedicle screw and step tight
closure for gradual shortening and orthopedic technology. Results: Average intraoperative blood
loss was 2089 ml. Average operation time was 326 minutes. Kyphotic angle changed from 90.1°
averagely preoperatively to 41.6° averagely postoperatively with an improvement rate of 65%.
The distance from C; plumb line to posterior upper edge of the S; vertebral body was averagely 5.2
mm postoperatively, with a correction rate of 73%. Neurological complications occurred in 2 cases,
accounting for 6%. Non-neurological complications occurred in 2 cases, accounting for 6%. Ana-
tomical parameters were significantly improved postoperatively (P < 0.05). All patients were ave-
ragely followed up for 28 months. Segments undergoing osteotomy achieved bone fusion, without
loss of orthopedic angle. Conclusions: The orthopedic technology of bilateral pedicle screw and
step tight closure designed by human physiology and biomechanical principles can protect spinal
cord cells from injury to the utmost. To choose an appropriate osteotomy plane during pre-sur-
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gical planning can make the repair results closer to the normal function of the spine. Intraopera-
tive nerve root protection, full release and bone graft fusion are effective safeguards to ensure
Kyphosis correction and to avoid spine lateral offset.
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1. Introduction

The feature of spinal kyphotic deformity is that adjacent vertebral bodies are wedge-shaped and aggravate an-
gular deformity of kyphosis apex [1]. Excessive flexion distraction of the spinal cord is further aggravated, and
the highest point of tension is at the apex of the kyphosis [1]. Studies on spinal vessels of the angular kyphosis
segments in childhood patients demonstrated that venous plexus on spinal pia mater of upper top vertebra had
been expanded, but no venous plexus was found below the top vertebra. In some segments of the anterior spinal
artery, spinal vessels connect each other by communicating branches. However, vascular spasm destroyed the
decompensated state of spinal cord blood supply [2]. For patients whose spine growth is over, the aggravation of
neurological symptoms is directly associated with the destructive blood supply of spinal vessels. Oppression of
spinal cord and dural sac by malformation will lead to long-standing spinal cord compression syndrome.

With continuous modification and improvement of modern science and technique, studies concerning os-
teotomy therapy for angular kyphosis are gradually increasing. With orthopedic method gradually increased,
more people pay attention to minimally invasive surgical techniques in orthopedic process and more stringent
operating process. Thus, science, safety and effectiveness of surgical techniques gradually increased. Advances
in surgical technique are inseparable with modern science and technology. We bind repair techniques to spine
biomechanical principles and molecular biology theory. Pre-assessment and program design are conducted be-
fore surgery. We bring a new idea of bilateral pedicle screw and step tight closure for gradual shortening. Now,
we reported kyphosis correction using posterior total spinal osteotomy and step orthopedic treatment in recent 8
years in the Department of Orthopedics of our hospital.

2. Subjects and Methods

Design: A retrospective case analysis.

Time and setting: Experiments were performed in the Department of Orthopedics of the 306 Hospital of Chi-
nese PLA from March 2006 to March 2014.

Subjects: A total of 90 patients with severe angular kyphosis, 37 males and 53 females, with an average age of
47 years (range from 33 to 59 years). All patients were treated with posterior total spinal osteotomy and bilateral
pedicle screw and step tight closure for gradual shortening and orthopedic fixation. There were 51 cases of old
tuberculous angular kyphosis, 22 cases of traumatic kyphosis, and 17 cases of congenital kyphosis. The protocol
was complied with the Declaration of Helsinki, and was approved by the Ethics Committee of the 306 Hospital
of Chinese PLA in China. This study contained 90 patients and it should gain the consent from ethics committee
or the patients themselves. General data are listed in Table 1.

Diagnostic criteria: Angular kyphosis is severe kyphosis deformity induced by various reasons, such as old
tuberculosis, spinal fractures and congenital spinal deformity. Degenerative changes based on severe angular
kyphosis of the spine will aggravate spinal cord injury and early degeneration. In severe cases, there will be in-
complete paralysis of both lower extremities, or even complete paralysis.

Table 1. General data of patients.

Item Value
Gender (male: female) 37:53
Age (year) 33-59 (47)
Preoperative lordosis 31°-138°(90.1%)
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Inclusion criteria: (1) Severe rigid thoracolumbar angular kyphosis; (2) with or without lower extremity neu-
rological symptoms, complete paralysis or incomplete paralysis; (3) preoperative examination to exclude cardi-
ovascular disease, serology laboratory in the normal range, negative C-reactive protein; (4) patients signed in-
formed consent for treatment and testing program.

Exclusion criteria: Serious cardiovascular and cerebrovascular disease, severe infection, other severe metabolic
diseases, cancer, metastatic cancer; diagnosis of the patients is not clear; ankylosing spondylitis patients com-
bined with severe osteoporosis.

3. Materials

Our team used titanium alloy materials. Whether imported or domestically produced, the material itself is the
same. The only difference is processing technology. Moreover, the processing technology in China has little
difference from the imported products. More importantly, there is a strong interaction between magnetic field
and stainless steel. Stainless steel can interfere with the magnetic signal. In a strong magnetic field, the stainless
steel is also very easy to move.

The hardness of titanium alloy is harder than aluminum and magnesium, which are relatively soft. The hard-
ness and strength of titanium alloy greatly increase after forming alloys, and its density is small and close to
modulus of elasticity of bone. Titanium alloy is appropriate to physiological environment of human body. Metal
dissolution will not appear during fixation. Titanium alloy has high strength, small density, good mechanical be-
havior, toughness and corrosion resistance. Ti-6Al-4V (TC4) and Ti-5Al-2.5Sn (TA7) are widely used titanium
alloy at present.

4. Methods

Total spinal osteotomy: patients lied in prone position after anesthesia. A posterior median incision was made on
the spinal column to expose bone structure taking kyphosis apex as a center. In accordance with Weinstein’s
method, 6 - 8 pairs of pedicle screws were implanted in proximal and distal ends of fusion segments on both
sides of the vertebral body. Total spinal osteotomy was conducted in the kyphosis apex and entire vertebral body
was resected. Length and curvature of the convex side on the fusion segments were measured using a magic
wand. Pre-bending of the connecting rod was carried out according to above curvature. The connecting rod was
placed on the convex side. Screw nuts were installed on the tail ends of the screws to fix the connecting rod and
to protect the exposed spinal cord. Moreover, the length of the spinal cord was not changed (Figures 1(a)-(f)).

Bilateral pedicle screw and step tight closure for gradual shortening: after successful osteotomy, length of fusion
segment and curvature of the concave side were measured with the magic wand. Pre-bending of the connecting rod
was carried out according to above curvature. Temporary fixed rod on the concave side was removed, and the
connecting rod was placed on the concave side. Screw nuts were installed on the tail ends of the screws to fix
the connecting rod and to protect the exposed spinal cord. Moreover, the length of the spinal cord was not
changed.

During orthopedics on the concave side, the fixed rod on the convex side was removed. Two locking pliers
were used to fix orthopedic rod on the concave side near to both sides of osteotomy site. After locking nail cap,
in situ orthopedics was conducted. Kyphosis was apparently improved under direct vision. Length of fusion
segment and curvature of the convex side were measured with the magic wand. Pre-bending of the connecting
rod was carried out according to above curvature. The connecting rod was placed on the convex side. Two bone
holding forceps were utilized to hold the distal and proximal ends of osteotomy site. The nut was loosed at the
proximal and distal ends. Thus, the screws were slowly moved on the connecting rod, resulting in slow pressure
and reduction under direct vision. After scoliosis was partially improved, the nuts on the proximal and distal
ends of the osteotomy site were tightened. The scoliosis was further improved under direct vision.

Orthopedics was repeated by the same method. Kyphosis was gradually corrected. The pre-bending degree of
the orthopedic rod gradually reduced. Kyphosis was noticeably corrected. Under direct vision, dura mater that
became thin due to oppression by bone structure gradually became short and thick. Fluctuations appeared on
dural surface. The tail end of a nail was locked. Under direct vision, kyphosis and spine coronal shift were cor-
rected. Subsequently, laminectomy and decompression were conducted in upper and lower vertebrae on the os-
teotomy plane. Using a nerve dissector, no evident compression was observed on dural sac and nerve root. No
obvious active bleeding was visible within the surgical wound. A transverse connector was installed on the
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Figure 1. Gradual spinal shortening using bilateral pedicle screw and step tight closure. (a): Os-
teotomy site; (b): Exposure of dura mater after biting osteotomy site; (c): Temporarily fixed metal
rod at osteotomy site to ensure the stability of the vertebral column. (a)-(c): Hinge center of step
orthopedics located in the anterior longitudinal ligament; (d)-(f): Hinge center moved from anterior
longitudinal ligament to posterior longitudinal ligament. Front began to open.

proximal and distal ends of osteotomy plane. During surgery, spinal cord shortened at most 2 cm. Changes in
neurological function were monitored by using intraoperative wake-up test and somatosensory evoked potentials.
Intraoperative wake-up test could identify the damage to the spinal cord. Thus, orthopedics could be performed
according to the tolerance of spinal cord to surgical stretch, which effectively avoided the occurrence of intra-
operative nerve injury (Figure 2).

Posterior screw rod fixation-moderate orthopedics + anterior titanium mesh support; after orthopedics was sa-
tisfactory, a fixed rod with suitable length was fixed on the concave side. The length of the anterior column de-
fect was measured through broken ends of the osteotomy site on the convex side. A titanium mesh of suitable
length was cut. Adequate autogenous bone was placed in the titanium mesh. After vertebral resection, the inter-
space was filled with titanium cage full of autologous bone + allogeneic bone to support graft. Under fluorosco-
py, titanium mesh showed right size and satisfactory location. Appropriate pressure was given on the osteotomy
site to ensure the stability of titanium mesh. The fixed rod of suitable length was selected for fixation on the
convex side.

The Ti-5Al-2.5Sn (TA7) which was used in this study internal fixation of screw-rod system for titanium alloy
materials, check in the future (including MRI) has no effect.

Main outcome measures: Preoperative and postoperative kyphotic angle, spinal sagittal imbalance, rate of
trunk lateral displacement, operation time, intraoperative blood loss, Visual Analog Scale, Japanese Orthopaedic
Association score, Oswestry Disability Index score and SF-36 score were analyzed in this study.

Statistical analysis: Data were analyzed using SPSS 13.0 software. The changes in preoperative and postoper-
ative data were analyzed using t-test. A value of P < 0.05 was considered statistically significant.

5. Results
5.1. Quantitative Analysis of Participants

A total of 90 patients with severe angular kyphosis after treatment with posterior total spinal osteotomy and bi-
lateral pedicle screw and step tight closure for gradual shortening and orthopedic fixation were included in final
analysis, finished follow-up, no drop out.

5.2. Intraoperative and Postoperative Conditions

All patients received general anesthesia. Average operation time was 326 minutes (212 - 470 minutes). Average
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Figure 2. PTN-SEP wave form. Note: (a): PTN-SEP waveform preoperatively revealed that waveform in the left limb was
smaller than that of the right limb, and the latency of wave crest prolonged; (b): During decompression, the amplitude of cor-
tical potential of PTN-SEP waveform apparently reduced, and the latency of wave crest prolonged (amplitude 0.59 pv; P28
latency 47.66 ms); (c): Cauda equina and cortical potential amplitude even disappeared at one time; (d): PTN-SEP waveform
after total vertebral osteotomy and spinal decompression becomes normal.

intraoperative blood loss was 2089 mL (1200 - 6000 mL). 104 vertebral bodies were resected during surgery.
There were 58 cases of single corpectomy, 20 patients receiving corpectomy of top vertebra of major curve and
top vertebra of compensatory curve, and 2 patients undergoing corpectomy of top vertebra of major curve, adja-
cent vertebral bodies and top vertebra of compensatory curve. Osteotomy plane was at T,-L,. Follow-up was
conducted for 20 to 35 months.

Management of intraoperative and postoperative complication: during spinal cord monitoring, orthopedic an-
gle was decreased in the patients whose somatosensory evoked potential reduced. Moreover, osteotomy site was
explored and the scope of decompression was expanded. After intraoperative hormone therapy, neurological
symptoms of lower extremities were restored in five patients. Of them, two patients received secondary surgical
exploration (Table 2).

5.3. Follow-Up Results

Average kyphotic angle was 41.6° (10° - 90°) with a correction rate of 65%. The distance from C; plumb line to
posterior upper edge of the S; vertebral body was averagely 5.2 mm (=12 to 23 mm) postoperatively, with a
correction rate of 73%.

5.4. Typical Case

A 29-year-old male patient with severe rigid kyphosis underwent posterior total spinal osteotomy and bilateral
pedicle screw and step tight closure for gradual shortening under general anesthesia. Kyphotic angle changed
from 165° preoperatively to 50° at 1 year after operation, with a correction rate of 70% (Figure 3, Figure 4).
5.5. Adverse Events

Neurological complications occurred in 5 cases, accounting for 6%, including 1 case of postoperative hematoma
compression, 1 case of residual bone oppression at osteotomy site, 2 cases of displacement of osteotomy site,
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Table 2. Intraoperative and postoperative conditions of patients.

Item

Observational data

Operation time (min)
Intraoperative blood loss (mL)
Osteotomy plane

Number of resected vertebra (n)

212 - 470 (326)
1200 - 6000 (2,089)
Tols

Single vertebra 57

Two segments 20

Follow-up (mon) 20 - 35 (28.0)
Correction angle of kyphosis (°) 10-90 (41.6)
Correction of trunk shift (°) 12-23(5.2)
Improvement rate of Visual Analog Scale 83%
Improvement rate of Japanese Orthopaedic Association score  82%
Oswestry disability index score 19.13 + 67

SF-36 score

Complications

337.69 + 86.17

Hematoma compression in 1 case, Inadequate decompression in 1 case,
displacement of osteotomy site in 2 cases, and nerve root irritation in 1
case

Pleural effusion in 3 cases, wound infection in 1 case, lose of orthopedic
angle in 1 case

Nervous system in 5 cases (6%)

Non-nervous system in 5 cases (6%)

Figure 3. Application of bilateral pedicle screw and step tight closure for gradual
shortening. Note: (a): Osteotomy site of angular kyphosis; (b): After total spinal os-
teotomy; (c): During step shortening; (d): After osteotomy with internal fixation.

and 1 case of nerve root irritation. Non-neurological complications occurred in 5 cases, accounting for 6%, in-
cluding 3 cases of pleural effusion, 1 case of wound infection, and 1 case of lose of orthopedic angle. Three pa-
tients with pleural effusion were subjected to thoracentesis. Their symptoms lessened after closed-chest drainage.
One patient with wound infection was subjected to debridement, and the wound was healed. During 2-year fol-
low-up, the connecting rod of one patient broke, and orthopedic angle lost. This patient received reoperation to

replace the connecting rod.
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Figure 4. Anteroposterior and lateral radiographs of the whole spine in a patient with severe ri-
gid kyphosis before and after posterior total spinal osteotomy and step orthopedic treatment for
gradual shortening. Note: (a): Anteroposterior and lateral radiographs of the whole spine before
operation, kyphotic angle was 165°; (b): Anteroposterior and lateral radiographs at 1 year after
surgery, kyphotic angle was 50°, with the correction rate of 70%.

During spinal cord monitoring, orthopedic angle was decreased in the patients whose somatosensory evoked
potential reduced. Moreover, osteotomy site was explored and the scope of decompression was expanded. After
intraoperative hormone therapy, symptoms relieved. Neurological symptoms of lower extremities were restored
in five patients. Of them, two patients received secondary surgical exploration.

6. Discussion

Previous studies confirmed that bone of angular kyphosis patients at deformity plane was associated with con-
genital defect of spinal vascular damage and the compression of damaged spine structure on corresponding
segments of the spinal cord [3] [4]. Spinal cord blood system disorders and structural spinal cord compression
syndrome cause destruction of spinal cord function, which are reasons for neurological symptoms of spinal cord
during and after corrective surgery of angular kyphosis. If the patient affected neurological symptoms before
surgery, the risk of aggravated neurological symptoms is great after surgery. Simultaneously, biomechanical
feature of soft tissues when subjected to stress is the occurrence of hysteresis, relaxation and creep of stress-
strain curve [5]. In initial stage, stress increases rapidly, but becomes slow gradually. When displacement load is
stable, viscoelastic cells present stress relaxation, but linear stress of cells remains unchanged. If the diameter of
the nucleus is bigger, the position of maximum stress point is closer to the cell edge, and the maximum stress is
greater. Therefore, according to biomechanical variation after cells sustain forces, this study used step tight clo-
sure for gradual shortening at osteotomy site. We guaranteed fluid intake and added the necessary energy during
surgery. Slow drag during surgery effectively guarantees surgical safety.

Moreover, the combined application of pedicle screw fixation can effectively prevent lateral displacement at
distal osteotomy site. After osteotomy, shrinkage occurs in traction-induced tapered spinal cord during shorten-
ing. To prevent spinal cord injury and nerve entrapment, decompression should be conducted in proximal and
distal ends of osteotomized segment during osteotomy. For patients with spinal nerve disorders before surgery,
adhesive nerve root and dural sac should be carefully peeled off during the surgery so as to reduce the probabil-
ity of spinal nerve injury, which effectively avoids the occurrence of complications and the surgical procedures
will be safer and effective. These results are not mentioned in previous studies [6]-[8].

Ideal bone graft should be characterized by bone formation, bone induction and bone conduction [9] [10], can
provide certain shape and structure, and withstand a certain load. We used autologous bone material with capac-
ity of bone induction, without rejection, and the autologous bone material does not spread disease. The fixator
used in this study is made of titanium alloy, which cannot impact future examination (including MRI).

Numerous previous studies demonstrated that the difficulty of angular kyphosis surgery lies in low correction
rate, difficult to reconstruct sagittal plane, easy to cause neurological complications, postoperative imbalance,
high incidence rate of pseudarthrosis, and loss of postoperative orthopedic angle [11]-[21]. In this study, 360°
decompression was conducted in top spinal vertebrae during posterior total spinal osteotomy. Temporary fixa-
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tion was used on the first completed side to prevent distal displacement. In the combination of our clinical ob-
servation, methods for avoiding the complications of nerve injury mainly contain accurate placement of pedicle
screw, fixation with temporary rod during osteotomy, fixation with screws in upper and lower vertebrae of os-
teotomy site to reduce displacement, adequate scope of decompression, avoiding incomplete osteotomy or resi-
dual bone in front of the spinal canal, careful operation to avoid devices-induced accidental injury, timely shor-
tening after decompression so as to avoid spinal cord injury, maintaining unobstructed drainage and avoiding
hematoma after surgery.

The advantages of the study introduced technique in the treatment of angular kyphosis are: this research sec-
tion joints proximal and after internal fixation with pedicle screws to prevent lateral displacement of distal os-
teotomy. Osteotomy with spinal shortening after the completion of the process, along with osteotomy and ends
near each other, stretching thin spinal shrinkage during the process of shortening occurs, resulting in spinal inju-
ries and nerve compression, osteotomy should be further cut bone in proximal and laminectomy. Meanwhile,
during the PCR osteotomy orthopedic correction with spinal compression exploration in spine cord, this spinal
cord compression can be prevented effectively, achieve the purpose of shortening the spinal cord, can improve
the nerve function. Before spinal PCR osteotomy orthopedic correction, we need clear disabilities, and carefully
adhesion of nerve root, reducing the probability of spinal cord or nerve injury. Avoiding the occurrence of com-
plications, surgical procedures are safer and more effective. This is not mentioned in the previous reports.

No relevant reports are retrieved. That is to say, posterior total spinal osteotomy combined with bilateral pe-
dicle screw and step tight closure for gradual shortening belongs to innovative technology in treatment of severe
rigid angular kyphosis. In the present study, patients were followed up for 20 - 35 months (averagely 28 months).
Average kyphotic angle was 41.6° (10° - 90°) with a correction rate of 65.3%. The distance from C; plumb line
to posterior upper edge of the S; vertebral body was averagely 5.2 mm (=12 to 23 mm) postoperatively, with a
correction rate of 73.0%. Above data verified that our therapeutic method is safe and stable. However, the post-
erior total spinal osteotomy for treating severe rigid angular kyphosis showed great trauma and more complica-
tions. The surgical technique is difficult and critical, demands a long time to complete the learning curve.

With the development of anterior and posterior spinal osteotomy spine reconstruction in recent years, the sco-
liosis kyphosis provides new methods of treatment. During operation, it should tie in with the spinal cord moni-
toring to avoid nerve damage occurrence in order to ensure the operation safety.

Implementation posterior thoracolumbar osteotomy with internal fixation can effectively correct kyphoscoli-
osis to obtain a satisfactory spinal sagittal and coronal balance.
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