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Instability: The Surgical Learning Curve
Tarun Dusad, Vishal Kindnani, Gaurav Mehta,
Mahendra Singh, Ankit Patel
Spine Surgery, Bombay Hospital and Medical Research Centre, Mumbai,
India

Aims: The aim of the study was to investigate changes in
intraoperative and postoperative parameters associated
with the surgical learning curve for C1–C2 transarticular
screw fixation.
Methods: A prospectively maintained surgical database of
consecutive patients who underwent transarticular screw
fixation for C1–C2 instability cases from 2009 to 2015 was
reviewed. Patients with concurrent or revision procedures
were excluded. The series began after the surgeon’s fellowship and includes his first case as an attending. A total
of 96 patients were divided sequentially into cohorts of
30 (early), 30 (middle), and 36 (late). Statistical analyses
utilized independent sample t tests, chi squared tests, and
multivariate regression adjusted for preoperative characteristics. The learning curve of operative time was characterized using negative exponential curve fit regression
analysis and two separate linear regressions.
Results: Later cohorts demonstrated decreased mean operative time and estimated blood loss (EBL) and decreased
hospital stay and complications related to procedure. Negative exponential curve fit regression analysis and linear
regression analysis demonstrated that 50% of the learning
curve occurred at case 15 and 35, respectively, whereas
90% of potential improvement occurred by case 60 and
62, respectively.
Conclusion: A significant learning curve exists for surgeons
performing transarticular screw. Patients undergoing
trans articular screw fixation will experience shorter operations, less EBL, and lesser complications as the surgeon
gains experience. Operative proficiency can be expected
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to occur by case 60. These results suggest that despite longer operative times and increased EBL with earlier cases,
transarticular screw fixation technique can safely and effectively be performed at the onset of a surgeon’s. Career
but with great caution as complications are catastrophic.
This conclusion may be useful to new surgeons debating
between operative and nonoperative management of C1–
C2 instability.

3D Printing of Ti Vertebral Body Spacer for
Complex Reconstruction of Spine
V. Anand Naik, Vivek Dutt
Medanta The Medicity, Bone and Joint Institute, New Delhi, India

Aims: To study the feasibility of additive manufacturing
(slm 3D printing) to produce customised patient specific
implantable Ti porous vertebral body in complex reconstruction of C2, C3 after destruction secondary to tuberculosis of C1–2–3 & using anterior approach.
Methods: Development of metallic implants and personalized prostheses is eventually the most important and
most valuable direction of additive manufacturing (3D
printing) in the field of orthopedics. This is determined
by the materials, equipment, and manufacturing capabilities available for 3D printing. The metal material used
here was grade CP1/2, Ti6Al4V and the advantages of 3D
printing in Ti is the inherent geometric freedom of the
technology, allows the design of more natural anatomical
shapes, it also brings the possibility of designing porous
bone replacement scaffolds that can be integrated in the
implant design which allows for natural bone ingrowth,
ensuring a higher stability of the implant. In this case,
the biggest challenges were complete loss of body C3 and
more than 70% loss of C2 vertebrae and left C1 lateral
mass destruction, due to which the skull was subluxat-
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ing over the axial spine causing C2 to C6 radiculopathies,
quadriparesis and respiratory depression. There were no
Premade spacers available for upper cervical spine supporting C1 to C4 anteriorly and standalone bone grafting was not feasible due to proximity of the spinal canal.
Hence 3D printing technology was used to produce a
customised implantable device. We designed the implant
with the help of magnetic resonance imaging, high resolution CT scans of the cervical vertebrae & Materialise
version 18.0 software, the trabecular metal design was
subsequently tested for all the parameters of strength with
pore sizes of 40 microns and then stl files were generated
deconstructing the virtual implant and sent to the slm
printer which delivered the implant and brought it to real
world. The surgical approach used was anterior left sided
retromandibular approach due to predictable course of
recurrent laryngeal nerve and vascular structures in the
anterior triangle of the neck.
Results: In this case patient recovered from all her weaknesses and radiculopathies immediately postop which
were assessed on day 3 after extubation, resumed her
walks with somi brace at 5 days post surgery. the complications noted were hoarseness of voice which recovered
in 6 weeks, horner syndrome which has not recovered at
3 months, fusion rates were not measured as the patient
is due for follow up and still pending with HRCT cervical
spine at 6 months and 12 months post surgery. Hence it’s
too early to comment on osseous integration of bone with
trabecular Ti. But the early results looks promising.
Conclusion: 3D printing technology helped with exact
replication of the bone defect and the press fit implantable porous Ti vertebral body which load shares axially.
The surgical approach and steps can be practiced before
actual surgery to minimise complications. 3D printing is
the perfect technology to support the ongoing evolution
of personalized digital medicine, creating a digital thread
starting at the medical imaging process, over treatment
planning, implant design, patient communication and
ending with the digital manufacturing of a personalized
implant and instrumentation.

A 90 Days Post-Cervical Surgical Morbidity
and Mortality Risk Factor Analysis in Over
1,000 Asian Patients
Gabriel Liu, Jun Hao Tan, Ruimin Ng,
Shao Jin Teo, Leok Lim Lau, Dennis Hey, John Ruiz,
Joseph Thambiah, Naresh Kumar, Hee Kit Wong
Aims Orthopaedics Surgery, National University Health System,
Singapore

Aims: Surgical treatment of multiple cervical pathology
is common. However, few studies have reported the perioperative outcomes of cervical surgeries. The aim of this
paper is to study the epidemiology, disease pattern and 90
days postoperative outcome of cervical pathologies in a
multi-ethnic Asian population.
Methods: A retrospective review of all cervical surgeries was performed in a university hospital between
2001–2016. Clinical and surgical postperative data were
collected. Attention was given to identifying risk factors
for surgical mortality, morbidity, worsening of neurology,
prolonged hospital stay and revision surgeries using SPSS
software.
Results: A total of 1010 patients were included in this
study. Mean patient age was 54.6 years (range, 11–86
years). 71% patients were males, 72% Chinese, 9.5% Malays, and 9.2% Indians. 780 (78%) patients presented with
degenerative pathologies, 222 (22%) had surgery resulted
after trauma, 381 (37.7%) had ossification of posterior
longitudinal ligament (OPLL), 47 (4.7%) from spinal metastasis. 64%, 35%, 0.5% patients underwent anterior, posterior and combined anterior-posterior surgeries respectively. Of anterior surgery, 77.2% were anterior cervical
discectomy and fusion (ACDF), 18.2% ACCF, 4.5% ADR.
50.3% patients had single-level anterior surgery, 29.4%
had 2-level surgery and 17.6% had 3-level surgeries. Average operative time, blood loss and median hospitalization
stay were 214±92.9 minutes, 183±297.6 mL and 5 days
(3–90 days), respectively. Of posterior surgery, 53.6% had
posterior instrumentation and decompression, 45% had
laminoplasty and 1.5% had posterior instrumentation.
Mean posterior operative time, blood loss and median
hospital stay were 222±95.5 minutes, 425±462 mL and 7
days (3–90 days), respectively. 1% (0.7% motor evoked
potential, 0.3% somatosensory evoked potential) patients
had intraoperative deterioration of spinal cord monitoring
signal. 0.5% had postoperative neurological deterioration.
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1.1%, 1.2%, 0.61% had postoperative wound infection,
pneumonia and urinary tract infection (UTI). respectively. 1.2% had dura tear, 0.6 had C5 palsy and 5.5% had
dysphagia, 0.2% had esophageal tear, 1.2% had postoperative airway obstruction requiring intervention. 3% had revision surgery. 165 (16.3%) patients stayed in the intensive
care unit (ICU) with a mean stay of 3.8 days. 477 (47.2%)
patients stayed in SHD with a mean stay of 3.5 days.
Median hospitalization stay was 5 days (2–90 days). The
overall postcervical surgery mortality was 2.2%. Subgroup
analysis shows post traumatic cervical surgery mortality
was 4.1%, 0.5% for non-traumatic degenerative pathologies and 17% for spinal metastatic diseases. In univariate
analysis, risk factors that were associated with mortality
within a 90-day follow-up are as follows: Trauma (p=0.012)
and low velocity trauma (p=0.001). Presence of metastatic
spine tumours (p=0.001) and OPLL (p<0.001). Postoperative bleeding (p=0.025), infection (p=0.01) and respiratory
failure (p=0.002). In multi–variate analysis, patients with
spinal metastasis (odds ratio [OR]=9.6, 95% confidence
interval [CI]: 2.6–35.2, p=0.001) were more likely to have
a 90–day mortality, and have a longer ICU stay (OR=1.2,
95% CI: 1.06–1.37, p=0.005).
Conclusion: In conclusion, cervical surgeries are safe. The
mortality rates for degenerative diseases, trauma and spinal metastasis were 0.68%, 4.5%, and 14.9% respectively.
Patients with spinal metastasis are at higher risk for 90–
day mortality and have a longer ICU stay.

A Modified Maneuver of Open Reduction
Through Anterior Approach in Cervical
Fracture-Dislocation in Both Early & Late
Case
Shah Alam, Rezaul Karim, Sharif Ahmed Jonayed,
Anisur Rahman, Hasan Khalid Md Munir,
Abul Kalam Azad, Nur Alam, Abdullah Al Mamun,
Sarwar Jahan, Shubhendu Chakraborty,
Tashfique Nahiyan Alam
Spine & Orthopaedics, National Institute of Traumatolog y &
Orthopaedic Rehabilitation (NITOR), Dhaka, Bangladesh

Aims: Injury to the cervical spine and spinal cord is one
of the most common causes of severe disability and death
after trauma. Due to alteration of vital systems, this might
present with complex clinical scenarios. Though incidence
is common, management of cervical SCI is still a contro-
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versy. Optimal surgical procedures in recommended patients may result in excellent outcome.
Methods: A total of 309 (male, 261; female, 48) patients with
injury to the cervical spine along with moderate to severe
cord compression were studied. Variable degrees of neurological deficit with deformity were treated from July, 2009 to
August, 2016 in NITOR & other private hospitals at Dhaka,
Bangladesh. All the patients were operated through anterior
approach. Anterior cervical discectomy with fusion (ACDF)
consisting identification of the affected vertebra, discectomy
& denudation of the articular cartilage of the superior &
inferior vertebrae was done. Bone graft from iliac crest was
taken & inserted into the disc space followed by stabilization by plate & screws were done in 258 patients & rest 51
underwent anterior cervical corpectomy with fusion (ACCF)
where cage incorporated with bone graft was inserted following corpectomy of the fractured vertebra & denudation
of articular cartilage of superior & inferior vertebrae. ACCF
was done in patients with comminuted vertebral fractures.
Among the procedures, ACDF was found to be superior to
ACCF in terms of hospital stay, operation time, blood loss
and incidence of complications. The procedures were done
through anterior approach only. Follow up period was 4
months-7 years. Pre & postoperative assessment were done
by American Spinal Injury Association (ASIA) impairment
scale.
Results: Average age of the patients was 43 years (range,
14−72 years). Peak age incidence was 3rd decade. The
commonest skeletal level was C5/C6. Causes of Cervical
trauma were mostly due to RTA, accidental fall, heavy
load bearing on head, direct blow etc. All patients survived surgery. No patient had worsening neurological
deficit due to surgery. Pre & postoperative comparative
ASIA grades are shown in Table 1.
Table 1. Showing pre & postoperative comparative Ameri-

can Spinal Injury Association (ASIA) grading
ASIA
grade

Pre
operative
(total: 309)

Postoperative (ASIA grade)
total: 309
A

B

C

D

E

A

46

46

–

–

–

–

B

79

–

–

–

56

23

C

155

–

–

–

94

61

D

29

–

–

–

–

29

E

–

–

–

–

–

–
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Conclusion: For better outcome, proper selection of case
is very important. Because, no neurological recovery occurs in complete lesion but to prevent further deterioration, surgery may be considered. Meanwhile, satisfactory
to excellent result can be obtained in incomplete lesions.
So, if surgery is the choice, then appropriate procedure,
appropriate implant & early decision making especially
in incomplete lesions should be ensured for a better outcome.

A Novel Modification of Cervical Posterior
Instrumentation: Double Rod (Clinical Results)
Seckin Sari, Ismail Oltulu, Seckin Sari,
Ali Ender Ofluoglu, Gursel Saka, Mehmet Aydogan
Orthopaedic Bosphourus, Istanbul, Turkey

Aims: In years posterior cervical enstrumantation getting
popular due to provide strong stabilization and immobilizationn of cervical spinal segments. Especially it uses to
support anterior decompression and instrumentation or
after posterior decompression surgery. Stability is main
problem especially in long segment enstrumantation (C2
to cervicothorasic junction). Peroperatively to bend and
the connect of the rods to the pedicle and mass screws is
a hard challenge for the surgeons. In standard technic for
the connection, solution is over bending the rod or try to
use lateral connectors. In this study we aimed to report
an easily applicable new modification “double rod” that
improves the stability of upper cervical to cervicothorasic
instrumentation and our clinical results of the patients
that we operated with new modified technic.
Methods: Twenty five patients (16 men, 9 woman) who
were treated in two different center from 2012–2015 were
consecutively included in this retrospective evaluation.
All patients evaluate preoperative and postoperative neck
disability index (NDI), Japanese Ortopedic association
(JOA) and visual analogue scale (VAS) scores. Cervical
lordosis measured pre–post operatively and last follow up
X-rays. After detaching the muscles transpedicular screws
adapted C2–C7 and T1 (if necessary) levels than mass
screws adapted C3, C4, C5, C6 levels. Mass screws connected each other with a 3.2 mm rod and pedicle screws
connected each other with a 3.2 rod.
Results: The median age was 68.16 years (range, 45−78
years). Average follow up time is 29.72 months (range,

19−53 months). 25 patients diagnosed more than 2 level
cervical stenosis. 21 patient only posterior decompression
two patients anterior decompression with discectomy
and two patients with corpectomy. Mean decompressed
segment was 3.4 (3–4). Preop cervical lordosis improved
12.17° (6°–20°) to 20.71° (15°–26°) postoperatively and
the value of the cervical lordosis preserved last follow up
for all patients. Fusion provided for all patients. No implant failure or minor major complication had seen. All
patients JOA and VAS scores improved significantly.
Conclusion: With this modification of technic, connection
of the pedicle screws and mass screws in itself provides
strong biomechanics structure. In standard posterior instrumentation technic to connect the mass and pedicle
screws surgeons need to over bend the rod, skip some
levels especially C6 or make more dissection to use lateral
connectors. With this modification all levels can enstrumentated and connection is more easily and fast. As a
result double rod instrumentation technic provides strong
stability and high correction rates for cervical deformity.

A Proposed Classification Based on Surgical
Treatment Strategies in Reconstruction of
Lumbosacral Spine in Lumbosacral Tuberculosis
Aju Bosco, Nalli Ramanathan Uvaraj
Department of Spine Surgery, Ganga Hospital Pvt. Ltd., Tiruchirappalli,
India

Aims: Advanced tuberculosis with destruction of the lumbosacral spine results in hypolordosis/kyphosis,leading
to back pain,spinal instability and neurodeficit. The main
goal in treating lumbosacral tuberculosis is to restore
or preserve the normal lumbosacral biomechanics and
global spinal stability. Surgical reconstruction of lumbosacral junction is technically demanding due to the complex
local anatomy, unique biomechanics and difficult fixation
in the surrounding diseased bone. There are no defined
guidelines on the surgical treatment of advanced tuberculosis with extensive destruction of lumbosacral junction.
The aim of the study is to analyze the surgical difficulties
in restoring spinal stability and to describe an effective
surgical strategy for tuberculosis with extensive destruction of lumbosacral spine.
Methods: We retrospectively reviewed 27 patients (12
males, 15 females) with lumbosacral tuberculosis (L3 and
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lower levels) who underwent surgical reconstruction according to the following protocol. Patients with L5 tuberculous spondylitis (Type 1) were treated with posterior
stabilization involving L3, L4, S1 (with supplemental iliac
screws if anchorage in S1 was inadequate). In L5–S1 spondylodiscitis with extensive destruction of sacral promontory with disease free ala (Type 2), lumbosacral spine
was reconstructed by spinopelvic stabilization using alar
screws along with supplemental iliac screws. In extensive
L5–S1 spondylodiscitis with destruction of both sacral
promontory and sacral ala (Type 3), stability was achieved
with spinopelvic stabilization using the only available option of iliac screws as distal anchors.Additional anterior
reconstruction was performed in cases where additional
restoration of lordosis to physiological limits was needed.
Results: The mean age at presentation was 39±2.5 years
(12–63 years). The average follow–up was 2.5 years (2–5.5
years).Bone healing was seen at 7.6±1.2 months (7.3–11.5
months). The average gain of global lumbar lordosis was
11.3 degrees. There was no neurological deterioration in
any patient. Oswestry disability index scores showed significant improvement at final follow-up (p<0.05).
Conclusion: The proposed treatment strategy is effective in
restoring spinal stability,in tuberculosis with advanced destruction of lumbosacral spine as evidenced by the good
radiological and functional outcomes at a mean follow-up
of 2.5 years.

During the study 143 patients who underwent cervical
decompression for cervical myelopathy using anterior
techniques were studied prospectively. All the patients
were followed at 6 weeks, 12 weeks, 6 months, 1 year and
up to 2 years to record their functional status.
Results: The age group of the patients ranged between
29–85 years. The most commonly involved level is C5–
C6 (60%). 70% of cases were due to CSM, 30% were due
to ossification of posterior longitudinal ligament. ACDF
was performed in 121 patients and ACCF in 22 patients
in a total 143 patients. The average blood loss was 79.1
mL, operative time 111.43 minutes and duration of hospital stay was 3.2 days. The Nurick score improved from
mean of 2.26 preoperatively to 1.53 at follow up and the
JOA score improved from a mean of 11.25 preoperative to
13.67 at follow up. Age and duration of symptoms did not
play a role in influencing the functional status. Complications were observed in 4 patients–1 patient had superficial
infection and 3 patients had intraoperative dural tear
which were repaired.
Conclusion: Anterior decompression technique is an effective and safe method of management in symptomatic
cervical myelopathy.

A Prospective Case Study of Functional Outcome of Anterior Decompression and Stabilisation Techniques in Cervical Myelopathy

Srinath Pammi, Ravi Venkatesan

Srinath Pammi
Orthopedics, Spine Surgery, Apollo Hospitals, Chennai, Tamilnadu, India

Aims: Cervical myelopathy is a usually progressive in nature. Surgery is usually required to decompress the neural
elements and stabilise the spine to prevent additional
deterioration in neurology. Anterior and posterior approaches are associated with their own advantages and
disadvantages. Yet outcome comparisons have not demonstrated a conclusive superiority of any approach. We
are presenting the safety and efficacy of anterior cervical
decompression techniques in patients with symptomatic
myelopathy.
Methods: The present study is done from 2013–2016.

A Prospective Case Study of Outcome of Transpedicular Corpectomy and Instrumented
Fusion in Thoracic Spine Cases
Orthopedics, Spine Surgery, Apollo Hospitals, Chennai, Tamilnadu, India

Aims: The efficacy of a posterior transpedicular approach
for corpectomy and fusion when compared to anterior–
posterior thoracic approach was investigated as with anterior approach morbidity of patients is more. We evaluated
the functional, neurological, and radiological outcome in
patients operated through the transpedicular approach.
Methods: A total of 45 patients were studied from January 2013 to January 2017. 3 Levels above and below the
required level were usually exposed. Pedicular screws
kept 2 levels above and below. Spinal cord decompression
was achieved by hemi laminectomy, facetectomy, the corresponding affected level and the below rib up to medial
1 inch were excised and corpectomy with subsequent
posterior instrumented fusion using a screw–rod system
was done. Further management is done according to the
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disease. Functional outcome (visual analogue scale [VAS]
score), neurological recovery (Frankel grading), and radiological assessment was done preoperatively, immediate
postoperatively, and at 3 months and 6 months.
Results: Mean VAS score for back pain improved from
preoperatively 3.4 to 0 at 6 months follow–up. Frankel
grading preoperatively was C (average), which improved
to E (average) at the last followup. Radiological healing
was evident in the form of reappearance of trabeculae
formation, resolution of pus, fatty marrow replacement,
and bony fusion in all patients. Post op intensive care unit
stay was required in 4 cases (1–unrelated to surgery) and
complications were seen in 6 cases (3–cage subsidence but
fused, 3–pleural tear which needed ICD insertion).
Conclusion: The posterolateral transpedicular approach is
a safe, less-invasive and efficient alternative to anterior–
posterior fusion.

A Single Magnetic Controlled Growing Rod
Can Drive Double Rod Growth Systems with
Apical Control in Early Onset Scoliosis
Simon Toftgaard Skov, Sebastiaan P. J. Wijdicks,
Cody Bunger, Rene M. Castelein, Li Haisheng,
Moyo C. Kruyt
Department of Orthopaedic Surgery, Aarhus University Hospital,
Aarhus, Denmark

Aims: The magnetic controlled growing rod (MCGR)
application in severe early onset scoliosis has increased
over the last years worldwide, as they allow non–invasive
lengthening. Disadvantages of the MCGR are the high
initial costs and lack of apical control. To overcome these,
we combined a single concave MCGR with a contralateral
sliding rod system with apical control. The aims of this
study were to investigate the feasibility, 3D correction, spinal growth and complications of this new MCGR–hybrid
principle.
Methods: A consecutive series of patients from two European spine centers that were treated with the MCGR–
hybrid principle was evaluated retrospectively. All the
patients operated from September 2014 to June 2016 were
included. The treatment was fully financed within the national public healthcare systems. Demographics and clinical parameters were recorded from patient files. Length,
Cobb angles and rotation (Nash–Moe method), were

measured on standard digital radiographs.
Results: Eighteen patients with a mean age at treatment of
9.9 years with a mean follow-up time of 21 months. The
frontal Cobb angle was reduced from mean 59° preoperative to 31° postoperatively and was maintained throughout follow-up. Rotation of the apical vertebra improved
from mean 26° to 18° postoperatively but increased slightly to 20° during follow-up. Kyphosis decreased and lordosis was largely unaltered. Instrumented spine growth was
maintained at a mean 11 mm/year. One child had surgical revision due to progressive trunk shift, unrelated to
the technique. The same child fell and acquired T1 & T2
fractures that were treated conservatively. Another child is
planned for revision due to MCGR distraction failure.
Conclusion: These early results show satisfactory 3D correction and maintained spinal growth with few complications.
Thus, this new single growth engine approach with apical
control seems cost-effective in providing 3D correction and
to maintain spinal growth in early onset scoliosis.

Accuracy of Pedicle Screw Insertion by AIRO
Intraoperative Computed Tomography in
Complex Spinal Deformity
S. Rajasekaran, Manindra Bhushan, Siddharth Aiyer,
Ajoy Shetty, Rishi Kanna
Department of Spine Surgery, Ganga Hospital, Coimbatore, Tamil
Nadu, India

Aims: Pedicle screw insertion in complex spinal deformity
such as scoliosis is challenging, and is complicated by
morphometric limitations of pedicle dimensions, altered
anatomical landmarks for insertions and abnormal orientation in space. The purpose of this study is to develop a
classification based on the technical complexity encountered during pedicle screw insertion and evaluate the
performance of AIRO computed tomography navigation
system based on this classification, in the clinical scenario
of complex spinal deformity.
Methods: A prospective study was performed on 31 patients undergoing complex spinal deformity correction
surgery using posterior pedicle screw instrumentation.
The cases included 24 scoliotic and 7 kyphotic deformities of the thoracic and lumbosacral spine. Pedicles were
classified according to complexity of insertion into five
types. Analysis was performed to estimate the accuracy of

Asian Spine Journal

S7

screw placement, time for screw insertion and radiation
exposure. Breach greater than >2 mm were considered for
analysis. Critical breach was considered to be >4 mm, non
critical breach was between 2–4 mm.
Results: Total of 455 pedicle screws were inserted (T1−
T6, 116; T7−T12, 171; L1−Ilium, 168). The average Cobb
angle was 68.3° (range, 60°–104°). We had 242 grade 2
pedicles, 136 grade 3, 77 grade 4 and 44 pedicles were
unfit for pedicle screw insertion .We noted 27 pedicle
screw breach (Medial, 10; Lateral, 16; Anterior, 1). Among
lateral breach (n=16), 10 screws were planned for in–out
pedicle screw insertion. Average screw insertion time was
1.76±0.89 minutes. After accounting for planned breach,
the effective breach rate was 3.7% resulting in 96.3% accuracy for pedicle screw placement.
Conclusion: This classification helps compare the accuracy
of screw insertion in range of conditions by considering
the complexity of screw insertion. Considering the clinical
scenario of complex pedicle anatomy in spinal deformity
AIRO navigation showed an excellent accuracy rate of
96.3%.

to evaluate change in cervical alignment. Age, sex, body
mass index (BMI), smoking history, preoperative C2–7
Cobb angle, C7 slope, C2–7 sagittal vertical axis (C2–7
sagittal vertical axis), and cephalad vertebral level undergoing laminoplasty) were assessed. Data were analyzed
using Pearson and Spearman correlation test, and univariate and stepwise multivariate linear regression.
Results: C6–7 kyphotic change is more significant than
over level (p<0.001), whether if age, body mass index, and
preoperative C2–7 Cobb angle or not.
Conclusion: Diminishing cervical lordosis after laminoplasty may result from local kyphotic change over C6–7
level. We may compare laminoplasty only group versus
laminoplasty plus anterior cervical discectomy and fusion
to evaluate the difference of cervical alignment in further
study.

Adjacent Segment Pathology in the Cervical
after Laminoplasty

Siddharth Aiyer, S Rajasekaran

Kuang Ting Yeh, Wen Tien Wu, Tzai Chiu Yu,
Ing Ho Chen, Chung Hua Chu, Cheng Huan Peng,
Kuan Lin Liu, Ru Ping Lee, Jen Hung Wang
Department of Orthopedic, Hualien Tzu Chi Medical Center, Hualien,
Taiwan

Aims: Laminoplasty has widely been used for the treatment of patients with cervical spondylotic myelopathy
(CSM). It is well known that laminoplasty is a posterior
indirect decompression method and is not suitable for
patients with preoperative cervical kyphotic alignment.
Despite sufficient preoperative lordosis, laminoplasty often diminishes cervical lordosis and straightens the cervical spine. Less study analyzed what level kyphotic change
results in loss of lordosis after laminoplasty. We evaluated
the radiographic change to predict possible kyphotic
change after laminoplasty for patients with CSM.
Methods: The prospective study included 38 consecutive
patients who underwent laminoplasty for CSM. The difference in C2–3, C3–4, C4–5, C5–6, C6–7 Cobb angle between the postoperative and preoperative films was used

Analysis of Spinopelvic Parameters with L5 as
the New Sacrum after Fusion in High Grade
Spondylolisthesis: A Possible Explanation of
Satisfactory Results with In-Situ Fusion
Department of Spine Surgery, Ganga Hospital, Mumbai, Maharashtra,
India

Aims: Satisfactory functional outcomes have been reported with both reduction and in-situ fusion strategies
in high grade spondylolisthesis. We analysed the clinical
outcome and spinopelvic parameters in high grade spondylolisthesis treated with in-situ fusion versus reduction
and fusion. Spinopelvic parameters were assessed based
on the hypothesis that following lumbosacral fusion, L5
becomes part of the sacrum.
Methods: 26 high grade spondylolisthesis (Reduction
Group A=13; In-situ group B=13) were clinically evaluated with Oswestry disability index (ODI score), Short form
12 (SF 12) and visual analogue score (VAS score). Radiological spinopelvic parameters including pelvic incidence
(PI), pelvic tilt (PT), sacral slope (SS), lumbar lordosis
(LL), lumbosacral kyphosis angle (LSK) and sacral femoral distance (SFD) were measured preoperatively from
S1 and postoperatively with L5 as the new sacrum (postfusion) at one year follow-up.
Results: Both groups were comparable in terms of age, sex,
severity of slip and preoperative spinopelvic parameters
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(p>0.05). Postoperatively VAS, SF-12 and ODI improved
in both groups significantly (p<0.05). Reduction group
had longer operative times and blood loss but the difference did not reach statistical significance. Compared to
preoperative values, the mean PT, SFD, and LSK changed
significantly in both; in-situ and reduction groups after
surgery. In reduction group, PT changed from 26.98° to
10.78°, SFD changed from 61.24 mm to 33.56 mm and
LSK changed from 74.76° to 109.61° (p<0.05). In in-situ
fusion group; PT changed from 26.78° to 11.08°, SFD
from 62.9 mm to 36.99 mm and LSK from 67.23° to
113.38° (p<0.05 for all). The changes in PT, SFD, and LSK
were similar in both groups suggesting a possible explanation of satisfactory clinical outcomes for such diverse surgical strategies for high grade spondylolisthesis based on
spinopelvic parameter assessment. In both groups, the SS
and lumbar lordosis did not change significantly (p>0.05).
Conclusion: After lumbo-sacral fusion, the L5 becomes
the new sacrum and thus influences spino-pelvic parameters to change favorably. This possibly explains why both
reduction and in-situ fusion achieve equivalent functional
outcomes in high grade spondylolisthesis.

scale A, 40 patients had ASIA scale B, 38 patients had
ASIA scale C & 3 patient had ASIA scale D. At follow up,
36 patients of ASIA scale B changed to ASIA scale D, 4 patient of ASIA scale B changed to ASIA scale E, 23 patients
of ASIA scale C changed to ASIA scale D, 15 patients of
ASIA scale C changed to ASIA scale E, 3 patient of ASIA
scale D changed to ASIA scale E & 8 patients of ASIA
scale A remain unchanged. In the current series none of
the patients had worsening of neurological deficit.
Conclusion: For better outcome, proper selection of case
is very important. As because, no neurological recovery
occurs in complete lesion but for early mobilization and
prevention of further complication surgery may be considered. Meanwhile, satisfactory to excellent result can be
obtained in incomplete lesion.

Application of Real-Size 3D Printed Biomodels
in Treatment of Complex Congenital Spinal
Deformities
Arjun Dhawale, Vaibhav Bagaria
Orthopaedics, Sir HN Reliance Foundation Hospital and B.J. Wadia
Hospital For Children, Mumbai, India

Anterior Cervical Decompression, Fusion
and Stabilization by Cervical Plate & Screw
for Traumatic Lower Cervical Spinal Injury:
A Series of 91 Patients
Sharif Ahmed Jonayed, Md Shah Alam, Rezaul Karim,
Shubhendu Chakraborty
Spine & Orthopaedics, National Institute of Traumatolog y &
Orthopaedic Rehabilitation (NITOR), Dhaka, Bangladesh

Aims: Acute injury to the cervical spine and spinal cord
are one of the most common causes of severe disability
and death after trauma. Though treatment of cervical
spine injury is controversial but anterior cervical surgery
has still a better outcome than any other method.
Methods: It was a prospective study from July 2009 to
November 2016. Discectomy or corpectomy was done for
decompression, tricorticle bone graft or cage with bone
graft was used for fusion. Cervical plate was used in all
cases. Total operated case was 91 & mean follow up time
was 46 months.
Results: Out of 91 patients, in pre operative period 8 patients had American Spinal Injury Association (ASIA)

Aims: Although the value of computed tomography (CT)based 3-dimensional (3D) imaging in congenital spinal
deformity is well established, valuable anatomical information is lost as these images can be visualized only in
2-dimension. With progress in technology, 3D printers
have made the process of manufacturing biomodels cost–
effective. However, the software used to generate models
for printing is currently proprietary and expensive. A pilot study to develop open–source protocol for 3D printed
biomodels and analyze their usefulness for preoperative
planning.
Methods: Ten patients (average age, 8.8 years; range,
2−15 years) who underwent surgery for congenital spinal deformity (scoliosis-1, kyphosis-1, kyphoscoliosis-4,
craniovertebral anomaly-4). Models were generated using
open source softwares (Osirix, 3D Slicer, Meshmixer and
Blender). Real-size biomodels were 3D printed before the
surgery using photopolymer resin by 3D printing technology known as stereolithography. These biomodels were
plasma sterilized and were available intraoperatively. The
information obtained using the biomodels were compared
to preoperative imaging and graded by the surgeon as:
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Grade A (substantial new information obtained), Grade
B (confirmatory with improved visualization and understanding of the deformity), and Grade C (no added useful
information obtained). Accuracy of implant position was
assessed using post operative CT scan in some patients.
Results: The biomodels were accurate and were helpful for
preoperative planning, implant placement and intraoperative surgical navigation. In three patients, the biomodels
allowed for identification of unrecognised malformations.
In 6 additional cases, the biomodels provided a better
visualization and understanding, especially with respective to actual size of deformed bone. In one patient, no
new information was obtained. The surgical plan that was
based on magnetic resonance imaging and CT information was altered in three out of the ten cases based on the
information obtained using biomodels. No malpositioned
implants were identified in the postoperative CT scans.
Conclusion: Open-source software can be used to 3D
print cost-effective and accurate biomodels. These realsize biomodels allow the surgeon to get familiarized with
pathoanatomy preoperatively, thus improving confidence
and accuracy while operating. They are useful adjuncts to
preoperative imaging and computerized navigation systems, especially in complex congenital spinal deformities.

Are the Benefits of Minimally Invasive Transforaminal Lumbar Interbody Fusion (TLIF)
Over Open TLIF Relevant to Obese Patients?
A Systematic Review and Meta-Analysis
Ruimin Ng, Gabriel Liu, Jun Hao Tan, Nishant Kumar,
Hee Kit Wong
Orthopaedics Surgery, National University Health System, Singapore

Aims: The prevalence of obesity has increased over the
years. Obesity increases the risk of intraoperative complications such as difficulties in anesthesia, intravenous
access, and identification of anatomical landmarks. While
both minimally invasive transforaminal lumbar interbody
fusion (MIS-TLIF) and open TLIF (O-TLIF) are reported
to have comparably good long–term outcomes for non–
obese patients, no consensus has been reached for outcomes in obese patients. A meta–analysis was performed
to answer this clinical question.
Methods: A comprehensive search of the published literature was performed in the following databases: PubMed,
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Scopus, Web of Science and Cochrane Central Register of
Controlled Trials database in accordance to the PRISMA
2009 checklist. We used the following search terms in this
systematic review: (TLIF OR (transforaminal lumbar interbody fusion) OR (instrumentation and fusion)) AND
(obesity OR obese OR overweight). Search terms were
kept broad to encompass all relevant articles. We included
articles that directly compared outcomes of obese patients
who underwent either O-TLIF or MIS-TLIF. When comparing between the O-TLIF and the MIS-TLIF group, the
absolute mean difference or the odds ratio was used as
the summary statistic for continuous data or binary data,
respectively. Publication bias was studied with funnel plot
analysis.
Results: Sixty-eight articles were identified from PubMed,
68 articles from Web of Science, 3 articles from Cochrane
and 724 articles from Scopus after the initial search. Using
the pre-defined inclusion and exclusion criteria, a total of
4 articles were selected for the meta-analysis. The study
population consisted of a total of 430 patients, of which
217 (50.5%) underwent the O-TLIF and 213 (49.5%) underwent MIS-TLIF. 194 (45.1%) of them were males, while
236 (54.9%) were females. The average age was 54.8±12.0
years. The mean body mass index was 33.0±4.5 kg/m2.
The pooled OR of dural tear intraoperatively from 4 studies involving 430 patients was 3.98 (95% confidence interval [CI]: 1.61–9.87) p=0.003, in favour of MIS-TLIF (I2:
0.00%). The pooled mean difference intraoperative blood
loss from 3 studies involving 282 patients was 383.44 mL
(95% CI: 329.5–437.4), p<0.001, in favour of MIS-TLIF
(I2: 1%). The pooled mean difference for hospitalization
stay from 2 studies involving 201 patients was 1.21 days
(95% CI: 0.80–1.62), p<0.001, in favour of MIS-TLIF. The
calculated I2 was 46.0%. The pooled OR for postoperative
wound infection from 4 studies involving 430 patients was
1.60 (95% CI: 0.54–4.75), p=0.40. (I2: 36%). There was no
difference between O-TLIF and MIS-TLIF. The pooled
mean difference for pre and postoperative visual analogue
scale (VAS) from 3 studies involving 303 patients was
–0.27 (95% CI: –0.64 to 0.11), p=0.16 (I2: 89%). There was
no difference between O-TLIF and MIS-TLIF. The pooled
mean difference for pre and postoperative ODI from 3
studies involving 303 patients was 0.62 (95% CI: –3.90 to
5.13), p=0.79 (I2: 96%). There was no difference between
O-TLIF and MIS-TLIF.
Conclusion: MIS-TLIF is superior to O-TLIF in obese patients. Obese patients who underwent O-TLIF are 4 times
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more likely to have intraoperative dural tear, stayed 1.2
more days in hospital, and had 380 mL more blood loss.
No difference was found between MIS-TLIF and O-TLIF
for wound infection, postoperative VAS and ODI scores.
We conclude that MIS–TLIF should be offered to obese
patients.

Bilateral Wiltse Approach Through One
Single Skin Incision? Our Experience of
First 60 Cases in National Taiwan University
Hospital
ChihWei Chen, ShuHwa Yang, MingShiao Hu,
Ting Chun Huang, HsuanYu Chen
Department Orthopedic, National Taiwan University Hospital, Hsin–
Chu Branch, Taipei, Taiwan

Aims: With the aging population nowadays, instrumented
spine fusion and neural decompression is often needed
to treat spine painful instability and stenosis. Current
trend is to do these procedures with tissue damages as few
as possible and in the meantime get good clinic results.
Mini–open or minimally invasive (MIS) transforaminal
lumbar interbody fusion (TLIF) through two bilateral
paramedian skin incisions with Wiltse approaches were
reported in the literatures and get popular recently. For
further decrease of the damages, we want to show the
feasibility of performing mini–open TLIF with bilateral
pedicle screws insertions through one single small midline incision.
Methods: From June 2014 to Jan 2017, 60 patients received
mini-open TLIF and instrumented fusion with our new
technique. The preoperative diagnosis includes degenerative spondylolisthesis (46), isthmic spondylolisthesis
(8), degenerative scoliosis (2) and other diseases (4). All
patients were placed with prone position on Relton-Hall
frame and a midline skin incision was made. The incision
length is about 4 cm or 6 cm for 2-level & 3-level surgeries
respectively. After subcutaneous dissection, a longitudinal
lumbodorsal fascia opening was created in parallel with
the midline. We identified the interface between the longissmus muscle and the multifidus muscle, just like the
traditional Wiltse approach. Facet joint was exposed by
blunt dissection with the aid of Quadrilateral Retractor
(Medtronic Sofamor Danek, Memphis, TN, USA). Pedicle
screws were placed under the image intensifier. The bilat-

eral neural decompression through unilateral laminectomy is either done under multifidus muscle or through traditional mid-line subperiosteal approach, depending on
the severity of the stenosis or the presence of predominant
unilateral pathology. This versatility is one characteristic
of our technique. Then, discectomy and TLIF were done
as usual method.
Results: The mean age of our patients was61.9 years old
(range, 19-83 years old), with 67% female (40/60). Thirtyeight patients received 2-level surgery and the other 22
patients were 3-level. The mean operation time (OT) for
2-level surgery was 175 minutes (range, 113–275 minutes)
with estimated blood loss (EBL) of 103 (50–250) ml. As
for the 3-level surgery, it was 256 minutes (range, 148–350
minutes) and 172 mL (range, 50–400 mL). Our OT and
EBL were compatible with the results of previous literatures. Most of the patient got significant improvement in
their symptoms after surgery, except 6 patients. Three of
them still have radiculopathy/limb numbness, which may
come from inadequate decompression. The other three
patients were complicated with other diseases irrelevant
to the index surgery (stroke, L1 compression fracture, and
diabetes mellitus [DM] neuropathy).
Conclusion: Bilateral Wiltse approach through a single
mid–line skin incision is feasible and with satisfactory
clinic results. However, there is no comparison group,
which is necessary for further evaluation to validate its effectiveness.

Bioavailability of Human Osteoblast and
Fibroblast Cells Towards In-House Machinary
Processing of Titanium Alloy Grade 2 and
Stainless Steel 316 L
Yudha Mathan Sakti, Suyitno Suyitno,
Zikrina Abyanti Kanodiyu, Suryadharma Respati,
KiKi Novito, Nocolaas Budhiparama,
Rahadyan Magetsari
Orthopaedic & Traumatology, RSUP Dr Sardjito, Orthopaedic &
Traumatology, Yogyakarta, Sleman, Indonesia

Aims: Implant development must be coincide with tissues
tolerance. Different types of metal with alteration on material processing could result in different tissue reaction
and cell viability. Titanium alloy grade 2 and Stainless
Steel 316 L is a widely used material in orthopaedic im-
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plants, however local machinery in processing the implant
will give different response in normal human cells. This
study deliberate the importance of evaluating cell viability
and toxicity that is being represented with fibroblast and
osteoblast in correlation with in-house Yogyakarta machinery processing of Titanium alloy grade 2 and Stainless
Steel 316 L.
Methods: This was an experimental study conducted on
human osteoblast and fibroblast cell which was obtained
by cell culture using MTT assay methods. The homogenous sized of Titanium alloy grade 2 and Stainless Steel
316 L (Ø 3, 8 mm) were cut, grind and polished in standardized fashion as to prepare an orthopaedic implant.
The prepared metal were then put in 24 hours contact
with fibroblast and osteoblast with subsequent evaluation of cell viability and toxicity. The optical density of the
cell was then measured to calculate the percentage of the
living cell. Material evaluation using scanning electron
microscope were performed in all sample to evaluate the
surface properties.
Results: This study found that the optical density and cell
viability for all sample was lower compared to control.
Difference on living cell percentage were shown between
Titanium alloy grade 2 and Stainless Steel 316L group. The
cell that have contact to stainless steel 316L have more
percentage of cell death compared with Titanium alloy
grade II (living cell for osteoblast 78% vs. 84%; fibroblast
74% vs. 65%). However this difference is not statistically
significant.
Conclusion: This study showed that Titanium alloy grade
2 and Stainless Steel 316 L have excellent bioavailability
towards human osteoblast and fibroblast cells.

of bracing on AIS is not understood. This study reports on
the sagittal and rotational changes during bracing in AIS.
Methods: A prospective clinical-radiographic study was
conducted. AIS patients whose apex was below T7 and
fulfilled the SRS criteria for bracing were prospectively
enrolled into the SRS supported study. All patients were
given a custom-made Boston type thoraco-lumbo-sacral
orthosis (TLSO). Low dose radiographs using biplanar
imaging system with 3D capabilities were taken before
bracing, and in-brace on first follow-up. Computerised
reconstructions were performed to obtain a 3D image of
the entire spine. Pre-bracing and in-bracing radiological
parameters were analysed.
Results: 30 patients with a mean age of 12 1.19 years
were recruited into the study. Bracing reduced coronal
Cobb angle of the main structural curve from 33.6±7.8 to
22.7±7.8 deg (p=0.00). Mean lumbar lordosis decreased
from 51.9±12.7 to 47.4±8.84 deg (p=0.016). There were
no statistical significant differences between pre– and in–
brace parameters for thoracic kyphosis (p=0.463) and
all transverse plane parameters (apical vertebral rotation
[p=0.232], intervertebral axial rotation [p=0.663] and torsion index [p=0.368]). In subgroup analysis, a change in
apical vertebral rotation (AVR) >3 deg in–brace was associated with a decrease in lumbar lordosis compared with
curves without AVR change in–brace.
Conclusion: Although bracing can correct the coronal
deformity in AIS, its effects on vertebral rotation and
transverse plane parameters are not necessarily reciprocal.
Future studies are required to examine if the inability of
bracing to correct the rotational profile has any implications on its efficacy and curve progression.

Bracing Does not Result in Three-Dimensional
Correction of the Spine in Adolescent Idiopathic
Scoliosis

Catastrophic Proximal Junctional Failure
Following Surgical Treatment of Adult Spinal
Deformity

Kenny Kwan, Hui Yu Koh, Karen Yiu,
Kenneth MC Cheung

Sang Il Kim, Kee Yong Ha, Young Hoon Kim

Orthopaedics and Traumatology, The University of Hong Kong, Hong
Kong

Aims: There is evidence to suggest that spontaneous synchronous derotation of the sagittal and transverse planes
occur during coronal correction of adolescent idiopathic
scoliosis (AIS) curves. The three-dimensional (3D) effects

Department of Orthopaedic Surgery, Seoul Saint Mary’s Hospital, Seoul,
Korea

Aims: Proximal junctional problems are often inevitable
after long segmental constructs. Among them, acute morphologic changes can cause neurologically catastrophic
symptoms and are more likely to lead to revision surgery.
Catastrophic proximal junctional failure (PJF) included
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heterogeneous forms and seemed to have clinical and
radiographic differences from each other. The purpose
of this study was to investigate clinical features and risk
factors for each form of catastrophic proximal junctional
failure.
Methods: From 2004 and 2014, consecutive adult spinal
deformity (ASD) patients who underwent long segment
fixation at out institute were included. We performed
clinical data review and radiographic measurements at
preoperative, immediate postoperative, and every 1-year
follow-up visits. Catastrophic PJF was defined as fracture
at the upper instrumented vertebra (UIV) or UIV+1, metallic failure at UIV, or 15º or more PJK. Patients with PJF
were compared with non-PJF group. Also, we compared
each type of PJF with others.
Results: PJF developed in 14 of 116 UIVs at thoracolumbar junction and 4 of 42 UIVs at thoracic region. Failure
modes were 4 UIV fractures, 6 UIV+1 fractures, 4 soft
tissue failures, and 4 screw pull-out. All screw pull–out
developed within postoperative 3-month and others did
later. Two fracture groups showed lower body mass index
and bone mass density. Soft tissue failure showed much
higher TK and proximal junctional angle on preoperative
films. Fixation failure group had marked correction of
lumbar lordosis. Five of 18 patients underwent revision
surgery due to pain and neurologic deficits. After revision,
1 patients did not recover from neurologic compromise.
Conclusion: Catastrophic PJF was identified in 11.4%
after long segmental fixation. PJF caused severe pain and
neurologic deficits, however most patients recovered after
revision. Each form seemed to have specific clinical and
radiographic features. Therefore, spine surgeons should
consider the features and manage the ASD patients who
would undergo long segment fixation to reduce PJF.

Classification for Kyphotic Spinal Deformity
Based on Column Deficiency, Flexibility and
Curve Magnitude: A Validation Study
Siddharth Aiyer, S. Rajasekaran,
Sreekanth Reddy Rajoli, Rishi Kanna, Ajoy Shetty
Department of Spine Surgery, Ganga Hospital, Mumbai, Maharashtra,
India

Aims: A universally accepted classification providing uniformity in description and guiding management decisions

for kyphotic spinal deformities is lacking. A validated
classification based on morphology of column deficiency,
flexibility of disc spaces, curve magnitude and correlating
with corrective osteotomy required is presented.
Methods: Based on analysis of 180 patients with kyphosis
below cervical region requiring osteotomy, a classification
was developed. Type I deformity had intact anterior and
posterior column, where IA had mobile disc spaces and
IB ankylosed segments. Type II had deficiency of either
one column (IIA–anterior column only; IIB posterior
column only).Type III had insufficiency of both columns
(IIIA <60°; IIIB> 60°; IIIC buckling collapse).The classification was prospectively validated in 71 patients for interobserver variability and ability to guide osteotomies of increasing complexity including Ponte’s, pedicle subtraction
osteotomy (PSO) or disc bone osteotomy (DBO), single
vertebrectomy, multiple vertebrectomy and anterior strut
fusion/salvage procedure.
Results: The mean age of 71 patients was 21.56 years with
average kyphosis of 68° (26°–120°) and mean follow up
duration of 30 months. The Kyphosis type distribution
was IA: 3, IB: 8, IIA: 5, IIB: 2, IIIA: 13, IIIB: 35, IIIC: 5.
Four surgeons classifying 71 deformities had a high agreement rate (K=0.83) with highest agreement for type IA,
IB and type IIIB and lower rates for type IIA and IIIA.
A correlation between the kyphotic type and the type of
osteotomy showed a clear trend indicating that the classification could indicate the type of osteotomy required. All
patients in type I and II (N=18) were treated with Ponte’s,
PSO or DBO with none requiring a vertebrectomy. Fortythree of 48 patients (90%) in type IIIA and IIIB needed a
vertebrectomy which was at single level in 27 (56.2%), or
at multiple level in 16 (33.3%). Only 5 (10.4%) could be
treated with a PSO or DBO. Among 5 patients in type IIIC
2 were treated with multiple vertebrectomy and 3 needed
salvage fusion procedure.
Conclusion: The proposed classification based on presence or absence of column deficiency, flexibility and curve
magnitude was validated and found to high inter–observer correlation and prognostically useful in choosing the
appropriate osteotomy.
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Clinical Outcomes of Hybrid Laminoplasty
versus Laminectomy with Fusion
Ruimin Ng, Tan Joshua, Gabriel Liu, Jing Han Ng,
Jun Hao Tan, Hee Kit Wong
Orthopaedics Surgery, National University Health System, Singapore

Aims: Posterior cervical approach is the treatment of
choice for spinal cord compression related pathology in
more than three segments. Previous studies have compared results of laminoplasty with laminectomy. However
recent development of hybrid laminoplasty muscle sparing techniques are now evoked. To the best of the authors
knowledge, no study validated the benefits of hybrid laminoplasty over laminectomy. This study aims to compare
the clinical outcome of hybrid laminoplasty versus laminectomy with fusion.
Methods: A retrospectively matched cohort comparison
between patients who underwent laminectomy with fusion and hybrid laminoplasty. Clinical, surgical, radiological data were captured. Statistical analyses were performed
using SPSS software 24.0.0.0 (IBM Corporation).
Results: 39 patients with cervical cord compression in >3
segments were recruited with average follow–up duration
of 26.8 months. 13 patients had laminectomy with fusion
(LF) and 26 had hybrid laminoplasty (HP). There were no
statistical difference between the 2 cohort in terms of age
(61.3±10.2 in LF vs. 62.4±6.5 in HP, p=0.68), sex (LF:11
males and 2 females vs. HP: 17 males and 9 females,
p=0.28), preoperative lordosis (LF: 8.7degree vs HP: 13.5
degree, p=0.09), trauma (LF: 9 non-trauma and 4 trauma
patients vs. HP:20 non-trauma patients and 6 trauma
patients, p=0.7) and mean decompression level (p=0.21).
There was a trend of shorter operative time in HP cohort
(LP: 253.9±39.4 minutes vs. HP: 217.6 minutes±59.9,
p=0.06) and less blood loss in HP cohort (median blood
loss in LF=300 mL [140–725]) vs. median blood loss in
HP=180 mL [100–400], p=0.21). A statistical significant
improvement in postoperative visual analogue scale was
noted in HP cohort (LF: 3.4 to 2.3 [p=0.37] vs. HP: 3.1 to
1.3 [p=0.04]) Both cohorts demonstrated a statistically
significant improvement in Japanese Orthopaedic Association (JOA) scores. Mean JOA score improved from 9.8
to 11.2 in LF group (p=0.03) and from 11.5 to 13.2 in HP
group (p<0.001). While there is a trend of improvement
in SF–36 scores in both cohorts, the improvement is statistically significant in HP cohort SF–36 (physical compo-
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nent) score (p=0.02). There is a trend of decreased lordosis in both cohorts postoperatively although they are not
statistically significant. There is a greater gross reduction
in range of motion in the LF cohort (29.1 degree to 11.2
degree (p=0.03) in LF vs. 37.1 degree to 31.1 [p=0.007]).
Operative complications was 15.4% in LF and 3% in HP
group (p=0.25). Complications include 2 C5 palsy in LF
group and 1 death occurred in HP group which was unrelated to the surgery. No superficial or deep wound infection, implant failure or revision surgery was noted in both
cohorts. C5 palsy resolved after 9months in both patients.
Conclusion: To the best of the author’s knowledge, this is
the first report to confirm the benefits of hybrid laminoplasty over laminectomy with fusion. We demonstrated
that hybrid laminoplasty has a similar or even better
clinical outcome against laminectomy with fusion when
compared to the results of traditional laminoplasty. This
improved outcome may be related to the muscle-sparing
design of the hybrid laminoplasty compared to traditional
laminoplasty.

Clinico-Radiological Outcome Assesment
of Minimal Invasive Transforaminal Lumbar
Interbody Fusion for Spondlyolisthesis
Deepak Bhangale
Neurosurgery, Medanta The Medicity Delhi Ncr, Delhi, New Delhi, India

Aims: Degenerative disc disease and spondylolisthesis of
lumber spine is a common disease which present with low
back pain and radiculopathy. This study was conducted to
assess the functional outcome of minimal invasive transforaminal lumbar interbody fusion as a modality of treatment for degenerative spondylolisthesis and degenerative
disc disease with instability of the lumbar spine at single
or multiple level of lumber vertebra in our hospital.
Methods: This was a retrospective study and included
1,002 patients who presented with spondylolisthesis of
lumbar and lumbosacral spine. Patients underwent MI
transforaminal lumbar interbody fusion (TLIF) using interbody ceramic cage and bilateral pedicle screws fixation
and autologous bone graft. Clinical and radiological data
were analyzed. In clinical analysis, all patients prop and
postop visual analogue scale score and oswetery disbility
index and MRS score recorded. For radiological study, all
patients preop and postop anterior disc height/post disc
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height/foraminal height/local lordosis/slip percentage/
lumber lordosis recorded. Detailed study was done on intraop and postop complications.
Results: There were 53.18% female and 46.81% male
patient. Mean age was 48 years (range, 16–80). Mean
follow up was 25 months (range, 3–36). 50.59% patient
had single level, 37.25% patients had 2 levels and 15.15%
patients had 3 level TLIF. The mean operating time for 1,
2 and 3-level TLIF was 90 (range, 90–375), 190 (range,
155–330), and 255 minutes, respectively. The mean blood
loss was 100 mL per surgery. The average radiation exposure to each patient was 169 seconds (range, 81–355
seconds). The mean time to ambulation was 2 days (range,
2–4 days), and the mean length of hospital stay was 4
days (range, 3–10 days). Postoop VAS score/Oswestry
disability index (OSWETRY) deformity index shows 85%
improvemnt that of preop. Radiolgoically anterior disc
height. Posterior disc height, slip percentage, local lordosis, lumber lordosis show improvement. Foraminal height
and froaminal width shows p-value significant. Complications such as cage migartion, malpositioned screw, surgical site infection seen in 1% of cases. Dural tear seen in
3.5% of cases.
Conclusion: Transforaminal lumber interbody fusion is
safe and reliable in patients with degenerative disc disease
and with low grade spondylolisthesis in whom conservative measures fails. MI tlif shows better improvement in
VAS score/MRS score.

Clinico-Radiological Outcome of Conservative
Treatment in Osteoporotic Vertebral Compression
Fractures: A Prospective Observational Study
Gayadhar Behera, Gayadhar Mehera, Jagdish Menon,
Sreenivas Thimmaiah
Orthopaedics, Jawaharlal Institute of Postgraduate Medical Education &
Research (JIPMER), Puducherry, Rourkela, Odisha, India

Aims: To study the clinical and radiological outcome of
conservative management of osteoporotic vertebral compression fractures (VCFs) in Indian population.
Methods: Patients ≥50 years with back pain ≤6 weeks
and focal tenderness at VCF site with minimum 15% of
compression on plain radiograph and bone mass density
(BMD) T-score <–1.0 were included. Standard conservative treatment in the forms of bed rest, optimal pain man-

agement, thoracolumbosacral orthosis (TLSO) brace, osteoporosis treatment and spinal rehabilitation with spine
extensor muscle exercises were given. Visual analogue
scale (VAS) score, analgesic use score, focal tenderness
and spinal deformity were assessed before and 1week,
1month, 3 months and 6 months after the start of treatment. The Quality of Life Questionnaire of the European
Foundation for Osteoporosis (QUALEFFO) and rolandmorris disability (RMD) scores, BMD T-score and kyphosis angle were assessed before and 6 months after the
treatment.
Results: Total 65 patients (61.5% female) with 97 VCFs
were included. 63% patients had a single level and rest
had multilevel VCFs (≥2). 57% VCFs were around the
dorso-lumbar area and 65% of anterior wedge compression type. VAS score, analgesic use and focal tenderness
improved significantly by 1 month of treatment. The improvement in pain, mobility, quality of life and disability
after 6 months of treatment were significant as depicted
by QUALEFFO and RMD scores. The mean improvement in BMD T-score over 6 months was 0.98. The mean
progression in kyphosis angle was only 1.32 degrees over
6 months with more progression of kyphosis in multilevel
VCFs. All fractures healed by 6 months and none had new
adjacent VCFs. Fifteen patients (23%) had chronic pain at
final follow–up.
Conclusion: Acute osteoporotic VCFs are better treated
by optimal pain medication, bed rest, early mobilisation
with TLSO and medical management of osteoporosis. Adequate rehabilitation with spinal extensor muscle stabilising exercises can prevent chronic low back pain, improve
posturing, and bone mass density and delay the progression of spinal kyphosis.

Clinico-Radiological Outcome of Posterior
Decompression and Instrumentation with
Trans-Pedicular Bone Graft in Osteoporotic
Burst Fracture with Neurological Deficit
Mahendra Singh, Vishal Kundnani, Gaurav Mehta,
Tarun Dusad, Ankit Patel
Department of Minimal Invasive Spine Surgery, Bombay Hospital,
Mumbai, Mumbai, Maharashtra, India

Aims: To evaluate clinico-radiological outcome of posterior Surgery (decompression+instrumentation+Trans-
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Pedicular bone graft) in osteoporotic burst fracture with
neurological deficit (OFND).
Methods: 40 Patients with neurological deficit due to
delayed osteoporotic vertebral collapse managed by posterior surgery (Decompression+instrumentation+Transpedicular bone graft) with minimum 2 year follow up
included. Demographics (Age, Sex, Mode of injury, Grade
of Osteoporosis–DEXA scan, Duration of delay in presentation), Clinical data (visual analogue scale [VAS], Oswestry disability index [ODI], Frankel grade), Radiological parameters (Kummels lesion, TL kyphosis), surgical
variables (blood loss, surgery duration, intra op problems)
recorded. Neurological worsening/improvement and
complications, implant loosening/failures were noted.
Results: Significant improvement in Clinical Parameters
noted VAS (pre-op 8.20±0.65/post-op 4.1±0.64), ODI (Pre
op 76.54±6.96/Post op 30.5±6.56). Complete Neurological
Recovery noted in 37 patients (Frankel E), 3 patients remained non ambulatory (Frankel C). Significant improvement noted in Kyphotic angle pre-op=21.80±2.70; post op
11.40±1.80; with 10% loss of correction (2.5±0.90) at final
follow up. Symptomatic Implant failure noted in 2 patients
and proximal junctional failure in 1 patient requiring revision.
Conclusion: OFND can be managed with single posterior
surgery (decompression+instrumentation+trans-pedicular bone-graft) with significant improvement in neurology and functional scores of patient. Aggressive kyphosis
correction often not required and significant correction
of kyphosis is noticed due to positioning alone. Transpedicular grafting is safe and simple alternative to cement
augmentation or anterior surgery for collapsed vertebrae.

Clinico-Radiological Parameters and Risk
Factors in Degenerative Lumbar Scoliosis
Rameshwar Datt, Lokesh Garg, Ramesh Kumar,
Hitesh Lal, Tankeshwar Boruah, Ashish Dagar,
Shaffaf Abdul Kareem
Orthopaedics, Safdarjung Hospital, New Delhi, India

Aims: Degenerative lumbar scoliosis (DLS) is a diverse
disease complex in the elderly and patient may or may
not have previous history of childhood scoliosis. The two
forms are distinct entities and to ascertain which one is
a novice scoliosis occurring with age is difficult. The risk
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factors and clinical behaviour of childhood scoliosis is
well known but there is paucity in literature on risk factors
and clinico-radiological determinants of de novo DLS.
The present study aimed to identify the clinic-radiological
and risk factors for degenerative lumbar scoliosis in our
hospital cohort.
Methods: 50 patients with DLS satisfying the inclusion criteria were observed in the spine unit of Central Institute
of Orthopaedics in Safdarjung Hospital, New Delhi for a
period of 3 years. Patients more than 40 years were taken
and scoliotic angle >10° were considered. Patients having
a history of trauma, previous spinal surgery, congenital
scoliosis, idiopathic adolescent scoliosis, spinal infection
or metastatic disease were excluded. Diagnosis was done
on the basis of clinical examination, X-ray and magnetic
resonance imaging. Patient with DLS were further evaluated by visual analogue scale (VAS) for pain and Oswestry
disability index (ODI). Radiological parameters included
Cobbs angle, Pelvic Tilt, sagittal imbalance, coronal imbalance, pelvic incidence, sacral inclination angle, lumbar
lordotic angle, end plate obliquity and lateral osteophytes
difference. The results were evaluated and correlation
between clinical-radiological findings and risk factor for
DLS.
Results: Most of patients with negative coronal balance
fall in the age group of 70–80 years (p-value 0.0119). Patient with severe disability fall in age group of 70–80 years
(p-value 0.0018). Annova test (p-value 0.0080) found that
severity increased with pelvic tilt. Using KRUSKAL WALLIS test (p-value 0.0029) disability was increased with
value of pelvic incidence. We found that female have high
pelvic incidence (p-value 0.0072). It was found that different age groups had different type of risk factors.
Conclusion: Female had greater incidence of degenerative lumbar scoliosis. Disability was more severe in 71–80
years age group. Patients with negative coronal balance
and negative sagittal balance had more pain and severe
disability than those with positive coronal and sagittal
balance. Significance of osteoporosis as a risk factor was
different in different age groups. Disability increased with
pelvic tilt and pelvic incidence.
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Comparative Prospective Study Reporting
Intraoperative Parameters, Pedicle Screw Perforation and Radiation Exposure in Navigation
Guided Minimally Invasive Transforaminal
Lumbar Interbody Fusion (MIS-TLIF) verses
Non-Navigated Flouroscopy Assisted MISTLIF
Mahendra Singh, Vishal Kundnani, Tarun Dusad,
Gaurav Mehta, Ankit Patel

terms of reducing radiation exposure significantly but its
significance in reducing pedicle screw perforation with
expert hands in non deformity cases is yet to be proved.

Comparison of Functional Outcomes and
Complications after Palliative Surgery and
wide Excision in Metastatic Spine Disease
Sang Il Kim, Kee Yong Ha, Young Hoon Kim

Department of Minimal Invasive Spine Surgery, Bombay Hospital,
Mumbai, Maharashtra, India

Department of Orthopaedic Surgery, Seoul Saint Mary’s Hospital, Seoul,
Korea

Aims: To compare intraoperative parameters, radiation
exposure and pedicle screw perforation rate in navigation
guided minimally invasive transforaminal lumbar inter
body fusion (MIS-TLIF) versus non-navigated fluoroscopy assisted MIS-TLIF.
Methods: 87 patients underwent MIS-TLIF for symptomatic lumbar/lumbosacral spondylolisthesis with navigation
and fluoroscopy guidance. Demographics, intraoperative
parameters (surgical time, blood loss), radiation exposure
(sec/mGy/Gy. cm2-noted from C-arm as required to compare only) were recorded. Computed tomography (CT)
scan was done in patients of navigated and non–navigated
group at 12 months postoperative, reviewed by an independent observer to assess the accuracy of screw placement, perforation incidence, location, and grade (Mirza),
critical vs. non critical, neurological implications.
Results: 27 patients (male [M]/female [F]=11/16, L4–
L5/L5–S1=9/18) were operated with navigation guided
MIS–TLIF while 60 (M/F=25/35; L4–L5/L5–S1=26/34)
with conventional fluoroscopy. Use of navigation resulted
in reduced fluoroscopy usage (Dose area product-0.47
Gy.cm2 vs. 2.93 Gy.cm 2), (Cumulative radiation exposure-1.68 mGy vs. 10.97 mGy), (Fluoroscopy time-46.5
sec vs. 119.08 sec) with p-value<0.001. 96.29% (104/108)
of the pedicle screws in the navigated group were accurately placed (grade 0) (4 breaches-all grade I) compared
to 91.67% (220/240) in the non-navigated group (20
breaches-16 grade I+4 grade II) (p=0.114). None of the
breaches resulted in a corresponding neurological deficit
or required revision.
Conclusion: Navigation guidance in MIS-TLIF reduced
the radiation exposure, but the perforation status was not
statistical different from fluoroscopic based technique.
Thus navigation in non-deformity cases can be useful in

Aims: Surgery for metastatic spinal disease (MSD) is challenging. Although the role of radiotherapy is increasing
clinically, surgical treatment has still its own role. However, there is a debate on surgical strategies. The purpose
of this study was to analyze postoperative functional outcomes according to the strategy of surgery.
Methods: We retrospectively investigated 96 patients who
underwent surgeries for MSD between 2011 and 2015.
Sixty patients (P) underwent palliative surgery and 36
patients (W) underwent wide surgery. The postoperative
changes of functional status and pain were assessed. Primary endpoint was defined as functional loss and reoperation for the index level. Secondary endpoint was defined
as death of disease. Cox hazards regression analysis was
performed for multivariate analysis. Major complications
within postoperative 30 days and survival rate were also
analyzed.
Results: The most common primary cancer was lung
cancer (36.5%) followed by hepatobiliary cancer (27.1%).
Pain decreased significantly in most patients (83.3%) at
postoperative 1-month. Eighty-eight patients kept their
ambulatory status after surgery; however, 7 patients presented postoperative change (from non-ambulatory to
ambulatory in 4 patients; from ambulatory to non–ambulatory in 3 patients). Both groups showed no significant
difference of postoperative change about the ambulatory
status within postoperative 30 days. Major complications
developed in 24 patients (12 in P group, 12 in W group).
Survival rates between two groups were not different significantly (p=0.680). However, functional preservation
rate at postoperative 12–month was 42.2% and 64.6%
for P group and W group, respectively. Responsiveness
to preoperative chemotherapy (hazard ratio [HR]: 3.20,
p=0.013) and the surgical strategy (HR: 0.363, p=0.027)
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affected functional outcomes significantly.
Conclusion: Although major complications and ICU care
were more frequently observed in group than P group, W
group showed more excellent functional outcomes than P
group. When surgical treatment is planned for MSD, wide
surgery following thorough preparation to reduce perioperative complications should be considered.

Complications Encountered in Surgical Management of Adult Spinal Deformities- Prevention
and Management: A Retrospective Study in
193 Patients
Hitesh Modi, Shakti Goel, Yatin Desai
Spine Surgery, Zydus Hospitals and Healthcare Research Pvt. Ltd.,
Ahmedabad, India

Aims: Adult spinal deformity surgery is often associated
with increased number of postoperative complications.
Purpose of study was to elaborate encountered complications and possible ways to prevent and avoid such complications during surgery.
Methods: This was a retrospective analytical study in 193
patients with adult spinal deformity operated between
2010 and 2014 with decompression and multilevel pedicle
screw fixation. Average age of patients was 64.5 years
with minimum follow-up of 12 months. Clinical results
were evaluated by excellent-good, fair and poor results on
regular follow-up. Complications were elaborated in detail
with possible causes and ways to prevent or avoid such
complications to occur in future.
Results: There were 133 (69%) patients with excellent or
good results while 35 (18%) patients with fair and 25 (13%)
patients with poor results. There was 24.8% (n=48 out of
193) complication rate found in the study. There were 20,
10, 6, 5, 3, 2, 1 and 1 patients with persistent symptoms,
respiratory difficulty, proximal junction kyphosis, dural
puncture, deaths, wound infection, foot drop and renal
failure respectively. Reasons for such complications were
discussed in detail and precautions were implemented in
future surgeries.
Conclusion: There are higher postoperative complication
rate noted in adult spinal deformity surgeries. Most common complications were proximal junctional kyphosis,
respiratory difficulty and persistent symptoms postoperatively. Proper preoperative preparation and precautions
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to avoid such complications are necessary before surgical
decision.

Complications of Transforaminal Lumber
Interbody Fusion
Tarun Dusad, Vishal Kundnani, Gaurav Guajrathi
Spine Surgery, Bombay Hospital and Medical Research Centre, Mumbai,
Mumbai, India

Aims: To characterize early and delayed complications of
transforaminal lumber interbody fusion (TLIF). To evaluate clinico-radiological outcomes of TLIF.
Methods: 147 patients undergoing TLIF for L4–5/L5–S1
degenerative instability were evaluated. Non-Degenerative
etiology, revision surgery, multilevel fusion or <2 years
follow up were excluded. Early (<30 days) complications (durotomy, vascular/cardiopulmonary event, post
op leg pain/neurological deficit, Implant malposition,
infections, death) and delayed complications (>30 days)(neurological deficit, implant loosening, infection, pseudoarthrosis). Clinical outcome measures pain-visual
analogue scale (VAS), functional disability-Oswestry disability index (ODI), relief of symptoms-Odoms criteria,
and radiological assessment with fusion assessed (Bridwell
criteria) at sequential follow up and at 2 years. Statistical
analysis done with SPSS 20.0; student paired t test and
analysis of variance to assess levels of statistical significance (p<0.05).
Results: 14 (9.52%) complications were reported in 147
patients available for final evaluation at 24 months mean–
29.3 month (24–56). TLIF for degenerative spondylolisthesis (n–L4–5=93/L5–S1=54) mean age, 47.4 years (2865 years); M:F=86:61. Mean Surgical time=124 minutes
(range 104–158 mins), blood loss=210 mL (180–260 mL)
duration of stay=7 days (4–13) durotomy was noted in 4
cases (3.27%) and all were repaired. 10 Early complications (superficial infection=2 [1.36%], deep infection=1
[0.68%], pulmonary embolism n=1 [0.68%], contralateral
leg pain=3 [2.04%], misplaced screw with Neuro deficit
n=1 [0.68%] neurological deficit without identifiable
cause=2 [1.36%]) Delayed complications included implant
loosing n=1 (0.68%) and pseudoarthrosis in 4 patients
(2.72%). Fusion was successfully achieved in 97.27% of
patients. Statistically Significant (p<0.05) improvements
in clinical parameters were noted at final follow up (VAS
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pre/post=8 [6–9]/3 [2–4]). Functional scores improved
significantly (ODI pre/post=75 [55–78]/38 [28–46]).
Complete relief of symptoms occurred with excellent to
good result in 86 % of patients (Odoms criteria) E-74,
G-12, F-10, P-4.
Conclusion: Complication rate in Lumbar interbody fusion is around 10%. However TLIF is a safe and effective
method of lumber fusion with excellent clinical satisfaction rates and high fusion rates.

Conventional Surgery vs. Minimally Invasive
Technique Pedicle Screw Fixation of Thoracolumbar Burst Fractures? The Impact of Surgical Correction and Loss of Correction on
Functional Outcome: A Systematic Review
and Meta-Analysis
Abduljabbar Alhammoud, Kenan Alkhalili,
Ahmed Attia, Waleed Assad, Abdul Moeen Baco
Orthopedics, Hamad Medical Corporation, Doha, Qatar

Aims: Thoracolumbar fractures are a rather common
fracture comprising up to 12% of orthopedic injuries.
These fractures can be classified into stable and unstable,
and can be managed either conservatively or surgically.
The pedicle screw–rod construct is a popular method in
posterior instrumentation and fusion. Which can be done
percutaneously using the minimally invasive technique
(MIS) or by conventional surgery. Conventional surgery
is associated with, prolonged operative time, increased
intraoperative bleeding, Severe postoperative back pain,
delayed functional rehabilitation, aggravation of posterior
ligament complex (PLC) injury, whereas, MIS is associated with less intraoperative bleeding, faster functional
recovery and a high rate of screw misplacement due to
limited visibility of anatomical landmarks. We aim to detect the difference between MIS and conventional surgery
in mainating sagittal plane surgical correction.
Methods: Databases have been searched by two independent authors. For relevant articles published by June 30,
2016 in English. Meta-analysis was performed to pool
data for the comparison of surgical correction and loss of
correction. Variables of interest were local kyphotic angle
and vertebral body height and their correlation with functional outcome visual analogue scale, Oswestry disability
index.

Results: Of the 82 articles identified, 8 studies were eligible, with a total of 451 fractures treated surgically (209
with open surgery vs. 238 with MIS). The pooled studies
for surgical correction and loss of correction showed no
difference between open and MIS (Std diff of mean –0.051
and –0.0209) respectively. However, functional outcomes
and pain score showed superiority of MIS group at 3
months follow up (Std diff of mean 1.799) with no significant difference at the final follow up visits (Std diff of
mean 0.040).
Conclusion: MIS is superior to conventional surgery in
short term functional outcomes, blood loss and operative time. There was no statistically significant difference
between MIS and conventional surgery in surgical correction and loss of correction.

Corpectomy with In-Situ Fixation as an
Option for Neglected Irreducible Sub-Axial
Cervical Dislocations
Dhiraj Sonawane
Orthopaedics, Grant Medical College, Mumbai, India

Aims: Alternative single stage management for irreducible
neglected cervical subaxial dislocation.
Methods: Records of 12 patients with neglected cervical subaxial dislocations presenting to a tertiary referral
centre form a period extending from January 2012 to December 2014 were reviewed. Among them 8 patients were
irreducible and included for analysis. The most common
level of dislocation was C7–T1 (n=3), C6–C7 (n=2), C5–
C6 (n=1) and C4–C5 (n=2). The neurological status was
graded according to the American Spinal Injury Association (ASIA) classification. All had incomplete spinal cord
injuries with 5 patients being ASIA C, 1 patient ASIA B, 2
patients ASIA D. Closed reduction using continuous skull
traction for 7 days was attempted in all the patients before
terming them as irreducible. Those who failed closed reduction underwent anterior corpectomy with autologous
tricortical iliac crest bone grafting and plating with foraminal clearance. The fusion was assessed at second year
follow up by Computed tomography scan.
Results: The mean delay in presentation was 12 week 5
days to 20 week 3 day (mean, 15.2) weeks. The age range
was 25–55 years. The mechanism of injury was by fall
from height 3, Road accident 2 patients, fall in well 1 pa-
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tient, Railway accident 1 patient, and fall in a well in 1 patient. The mean follow-up was 26 (range, 14–36) months.
All patients achieved pain relief and sufficient neck movement for normal activities. 4 patients improved form
ASIA C to ASIA D, 2 improved form ASIA C to ASIA E,
1 patient improved form ASIA D to ASIA E and one of
the patient remained static at ASIA C. All patients showed
evidence of adequate fusion on CT scan. The mean duration of surgery was 148 minutes with average blood loss of
350 mL. No complications seen in any of the patients. The
total cost of surgery was from 180 to 235 USD with average cost of surgery was 200 USD.
Conclusion: Anterior corpectomy with autologous tricortical iliac crest bone grafting is safe and effective in irreducible neglected subaxial cervical dislocations. The authors believe a single stage procedure for stabilisation and
decompression can be an attractive alternative in resource
stressed and deprived circumstances.

Correction of Post-Traumatic Kyphosis at
Thoracolumbar Spine by Posterior Only
Approach with Spinal Osteotomies
Ting Chun Huang, Shu Hua Yang, Ming Hsaio Hu,
Chih Wei Chen
Orthopaedic, National Taiwan University Hospital Chu–Tung Branch,
Hsinchu County, Taiwan

Aims: Post–traumatic kyphosis is a common potential
complication of spinal trauma. It could be results of the
traumatic injuries or complications of injury treatments.
Clinical manifestations include back hump, pain and
neurologic deficit. The management of post–traumatic
kyphosis can be very challenging. Surgical intervention
is considered if the deformity or neurologic deficit is severe or progressive. Surgical procedures can be posterior
only, anterior only, or combined anterior and posterior
approaches. However, posterior only procedure is often
insufficient for optimal correction in most cases. The purpose of this study was to investigate the effect of spinal
osteotomies on correction of post-traumatic kyphosis at
thoracolumbar spine.
Methods: Patients with post-traumatic spinal deformity
treated by posterior only surgery with spinal osteotomies
at authors’ institute from 2009 to 2016 were included in
this study. Indications for spinal osteotomies included fo-
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cal kyphosis >30° or Sagittal Index of Farcy >20°. Pedicle
subtraction osteotomy (PSO) with or without resection of
proximal adjacent disc was performed when remaining
vertebral bone stock was sufficient. Otherwise, posterior
vertebral column resection (PVCR) was chosen for deformity correction and vertebral column reconstruction.
Results: 25 patients (12 male and 13 females, age 31–86)
were included in this study. Their preoperative symptoms
and signs included disabling back pain (25/25), gross
prominent hump (20/25), and neurologic deficit related
to the deformity (13/25). PSO was performed to 15 patients; resection of proximal adjacent disc was done in 12
cases. PVCR was performed in the other 10 patients and
diaphyseal ring allografts were used for reconstruction
of vertebral body defect. Focal kyphosis was 32.5°±10.8°
(range 15°–55°) preoperatively and was 3.6°±8.6° (range
–15°–20°) at the latest follow-up. The average correction
was 29.0°±7.6° (range 12°–40°). All patients had improvements on back pain (visual analogue scale), neurologic
and functional status (Oswestry disability index). One
revision surgery was done to a patient with PVCR due to
implant loosening and recurrent kyphosis.
Conclusion: Goals of surgical intervention for post–traumatic kyphosis are to relieve neurologic compression, to
recreate normal alignment and balance, and to optimize
chances of successful fusion. Spinal osteotomies are powerful techniques to correct spinal deformity. PSO with resection of proximal disc can obtain a bone–to–bone contact and then promote direct fusion between two vertebral
bodies. Strut graft can be installed after PVCR for reconstruction of vertebral body defect. Although procedures
of spinal osteotomies are challenging, good outcomes can
usually be achieved.

Decade Wise Computed Tomography Based
Morphometric Measurements of a Single
Lumbar Spinal Motion Segment- L4–5
Sameer Ruparel, Arvind Kulkarni, Sunlia Jaggi,
Nikhil Murkey
Spine, Bombay Hospital Institute of Medical Sciences, Mumbai,
Maharashtra, India

Aims: A lumbar spinal motion segment comprises of facet
joints and intervertebral disc. A complex interplay of
biomechanical factors occurs between them with degen-
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eration giving rise to numerous pathological conditions.
Until now a co-relation between these factors is only hypothesized. We conducted a study to find out if such a corelation exists which would have a profound impact on
our understanding of natural history of these pathologies.
Methods: A prospective study of 208 consecutive subjects
undergoing computed tomography (CT) scan of abdomen and pelvis for complaints unrelated to spine were
included. Thin (1 mm) sections were made and using 3D
reconstruction, orientation of lumbar facet joints at L4–5
level was measured in the axial planes. Similarly, adjacent
disc heights at L3–4 and L4–5 were measured in the sagittal plane. Subject were divided into 5 groups based on age.
21–30 years, 31–40 years, 41–50 years, 51–60 years and
61–70 years. Changes in facetal orientation and ratio of
adjacent disc heights in these age groups was documented.
Results: 121 males and 87 females with mean age of 50.1
years (range, 20–70 years) were included in the study. The
average facet angulation and ratio of adjacent disc heights
can be tabulated as follows.
Average facet
angle

Average ratio of
disc height

Age group

n

20–30 years

21

45.349

1.13

31–40 years

36

41.41

1.1

41–50 years

50

41.407

1.1

51–60 years

45

42.082

1.065

61–70 years

56

44.895

0.999

The changes in facet orientation and ratio of adjacent disc
heights was not found to be significant (p-value <0.05).
There is a progressive decline in disc height ratios and
change in facet angle orientation from coronal to sagittal
(prone to slip) with age. However, the angles become coronal again after age 60 years suggesting auto-stabilization
after adequate collapse of disc space.
Conclusion: The changes in facet angle orientation and
disc height is not significant in normal subjects. We believe that in addition to segmental degeneration many
other factors play an important role in development of
lumbar pathological conditions. Before 60 years and collapse of disc space, the facet joints are sagittal and prone
to slip giving rise to spondylolisthesis, thus supporting
and further providing evidence to the Kirkaldy-Willis
theory of degeneration.

Development of an Affordable and Less Traumatic Growth Rod
Aakash Agarwal, Ardalan Seyed Vosoughi,
Arind Jayawal, Vijay K Goel, Anand K Aharwal
Bioengineering, University of Toledo, Toledo, OH, USA

Aims: Scoliosis is a complex lateral and rotational deformity of the spine, which frequently occurs in juveniles.
The gold standard method considered for scoliosis treatment in juveniles is the use of growing rods. Conventional
growth rod (CGR) constructs entail large incisions for
lengthening which increase the risk of complications.
A newer non–invasive magnetic controlled growth rod
(MCGR) system is developed that addresses the complications associated with invasion. However, these rods are
very expensive and not appropriate for smaller children.
The aim of this study was to design and evaluate a low–
cost growth rod (LCGR) system that can allow surgeons
to perform sequential lengthening with 2 cm of incisions.
Methods: A mechanical construct integrated with rack,
pinion, and sliding locking mechanism was designed and
evaluated in two stages. Stage 1. Mechanical properties
comparison of the construct: a CGR construct was modeled based on available systems on the market. ASTM
F1717 modified compression–bending and torsion tests
were simulated using the finite element (FE) approaches.
Based on the previously validated model, the active length
was modified. To better mimic the clinical scenario, block
dimensions and number of pedicle screws were altered.
Stage 2. Instrumented spine analysis: for further biomechanical analysis of the designed construct, an FE model
of instrumented scoliotic T1–S1 spine integrated with
growth modulation was used. Simulation steps consisted
of initial half a turn in gear followed by the locking of the
mechanism, body weight application, and 6 months of
growth simulation.
Results: Stage 1: Load-displacement and torque–displacement data for compression–bending and torsion tests
were acquired. Based on the these data, the compressive
bending stiffness for the CGR and LCGR was 16.4 N/
mm and 23.6 N/mm, respectively. The bending yield load
of 355 N and 588N was measured in CGR and LCGR,
respectively. The torsional stiffness and yield torque were
relatively similar in both designs. Stage 2: After half a turn
distraction in the gear, T1–S1 height increased by 12 mm.
Cobb angle decreased from 46 degrees to 28 degrees. The
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maximum von Mises stress on the gear was 185 MPa.
After locking and body weight application, the maximum
von Mises stress recorded on the lock was 130 MPa. After 6 months of growth, the amount of stress on the lock
decreased to 70 MPa and the Cobb angle increased to 36
degrees.
Conclusion: Due to sturdier build of tandem connector
housing, higher compressive bending stiffness and yield
load were recorded for LCGR. In contrast, the torsion
tests showed similar mechanical behavior for the two
constructs. Scoliotic spine analysis demonstrated much
lower stresses for gear and the lock compared to the yield
strength of titanium alloy (970 MPa). Hence, LCGR accounts for the limitations of CGR by minimizing the incision to 2 cm or less for distraction and providing a system
at a price similar to TGR.

Do Overweight Adolescent Idiopathic Scoliosis
Patients Have an Increased Perioperative Risk
for Posterior Spinal Fusion Surgery?
Mun Keong Kwan, Shun Herng Tan, Ling Hui Loh,
Chee Kidd Chiu, Chris Yin Wei Chan,
Josephine Rebecca
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1 were normal weight AIS (<85th percentile) patients and
Group 2 were overweight AIS (≥85th percentile) patients.
The outcome parameters recorded were operative duration, blood loss, intraoperative pH and lactate levels, postoperative Hb, PCA usage, transfusion, Correction Rate,
side bending flexibility (SBF), SBCI, length of stay and
operative complications.
Results: There was no significant difference in the operative time between Group 1 (145.2±42.2 minutes) and
Group 2 (154.4±48.3 minutes) (p<0.05). There was no significant difference between the mean blood loss between
Group 1 (955.1±497.7 mL) and Group 2 (1011.8±552.7
mL) (p<0.05). Intraoperative pH, intraoperative lactate,
postoperative Hb, postoperative Cobb angle, Correction
Rate, SBF and SBCI were not significantly different when
comparing the two groups. Both groups did not receive
allogenic blood transfusion. The length of stay (64.0±9.3
and 67.5±12.4, respectively) for both groups was similar
(p<0.05). The PCA morphine usage was significantly
lower in Group 1 (16.2±11.3 mg) compared to Group 2
(30.4±22.7 mg) (p<0.05). A patient in Group 2 developed
intraoperative seizure without any postoperative complications.
Conclusion: Overweight AIS patients did not have increased risk of perioperative morbidity for PSF surgery.

Department of Orthopedic Surgery, University of Malaya, Kuala
Lumpur, Malaysia

Aims: Overweight patients have been shown to have a
higher perioperative risk when undergoing complex
spine surgery. This study was designed to assess whether
overweight (≥85th percentile, WHO criteria) adolescent
idiopathic scoliosis (AIS) patients were associated with
higher perioperative morbidities following posterior
spinal fusion (PSF) surgery. This study assesses the perioperative risks/morbidities comparing overweight (≥85th
percentile) and normal weight AIS patients. There was no
significant difference in operative time, blood loss, postoperative hemoglobin (Hb), correction rate, side bending
correction index (SBCI) and length of hospital stay. However, the overweight group used significantly more patient
controlled analgesia (PCA) morphine for pain relief.
Methods: 324 AIS patients underwent surgery between Jan
2014 and Dec 2016 fulfilled the study inclusion criteria.
46 pairs of AIS patients were matched using propensity
score matching analysis based on the following covariates:
age, sex, Lenke type, Risser stage and Cobb angle. Group

Does Increasing Age Deter Outcomes of Spinal
Interbody fusion in Elderly? Comparative
Clinico-Radiological Results of Single Level
Transforaminal Lumbar Interbody Fusion in
Young vs. Elderly at 2 Years Follow-Up
Ankit Patel, Vishal Kundnani, Tarun Dusad, Gaurav
Mehta, Tarun Dusad, Mahendra Singh Tax
Spine Surgery, Bombay Hospital & Medical Research Centre, Mumbai,
India

Aims: To evaluate outcome of transforaminal lumbar interbody fusion (TLIF) for degenerative lumbar disorders
in elderly (>65) & compare them with control population
(<65) to study the effects of age on complications and final
outcomes.
Methods: 142 patients with surgery for degenerative spine
pathology at L4–5/L5–S1 level with >24 month follow
up were included and subdivided into study group and
control group. All underwent open TLIF. Surgery above
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L4–5/L5–S1 levels, Tandem Stenosis, non-degenerative
pathology were excluded. Clinical Parameters, comorbidities, radiological parameters, evaluated preoperatively and
postoperatively (visual analogue scale [VAS]/Oswestry
disability index [ODI]/ASA). Intraop parameters, Postop
complications, Infection evaluated and final outcome assessed using Wang’s and Bohlman’s criteria.
Results: 21 patients in study group whereas 5 in control
group were ASA Gr ≥3. Statistical difference in blood loss,
avg surgical time & length of stay (LOS) noted among
two groups & study group took a little longer (3.4 weeks)
to obtain pain free status than control (2.6 weeks). Both
groups showed significant improvement in ODI and VAS
values with group B showing slightly better outcome
but with no statistical significance between two groups
(p>0.05). General postoperative issues not affecting final
outcome were common in study group. No statistically
significant difference was noted among neurological or
cardiopulmonary events among both groups. 84% patients
in study group and 87% in control group showed excellent
to good outcome.
Conclusion: Satisfactory mid-term outcome in degenerative spine surgery is noted among elderly patients & neither advanced age nor the use of supplemental instrumentation increased the rate of perioperative complications in
elderly patients undergoing TLIF for lumbar spinal stenosis associated with instability. Medical co morbidities may
need long term preoperative optimization for optimal
intra-operative and postoperative results. Increasing Age
does not prove a deterrent to the outcome of lumbar spine
surgery in elderly.

Dynamic Compression of Cervical Spinal
Cord in Symptomatic Patients: A Study with
the Help of Kinetic Magnetic Resonance
Imaging
Truc Vu
Spinal Surgery Department, Hospital for Traumatolog y and
Orthopedics, Ho Chi Minh, Vietnam

Aims: Discrepancies between clinical symptoms and signs
of spinal cord compression on static magnetic resonance
imaging (MRI) are not uncommon when evaluating cervical spine myelopathy (CSM) patients. However, with the
application of kinetic MRI (kMRI), dynamic compression

of the cord becomes a new concept to be widely accepted.
The purpose of this study is to evaluate the dynamic compression in symptomatic patients by using kinetic MRI.
Methods: Symptomatic CSM patients were selected to
have static and dynamic MRI of the cervical spine. Space
available for cord (SAC) were measured in T2 weighted
sagittal plane at each disc level of the lower cervical (from
C2–3 to C7–T1), in three different positions: full flexion,
neutral and full extension. The difference of the mean
SAC in different positions is analyzed by Mann Whitney
U test. A p<0.05 is considered as statistically significant.
Results: There were 32 patients (20 male and 12 female).
The mean age of the group was 42. The most affected levels were C5–6 (100%), C4–5 (75%) and C6–7 (63%). The
mean SAC in full flexion, neutral and full extension position were 10.54, 9.38 and 8.28 mm respectively, and they
differ to each other with statistical significance (p<0.05).
In all cases, the bulge of the disc and ligamenum flavum
was most pronounced in extension position, and became
attenuated in flexion position. Interestingly, new compression sites revealed in full extension MRI (hidden hypertrophic ligamentum flavum) were noted in 7 cases (21%).
Conclusion: Kinetic MRI is useful for evaluating dynamic
compression of the spinal cord. Decision making of treatment as well as preventing adjacent segment syndrome
should be based on the status of the disc and ligamentum
flavum, not only in static images but also in the permanent dynamic process of the cervical spine.

Effect of Small Interfering RNA-Mediated
Suppression of Fas Gene on Viability of Rat
Intervertebral Disc Cells
Jong Beom Park
Department of Orthopaedic Surgery, College of Medicine, The Catholic
University of Korea, Seoul, Korea

Aims: RNA interference (RNAi) enables inhibition of specific genes by sequence-specific gene silencing by doublestranded RNA (dsRNA). It involves post-transcriptional
gene silencing via a process by which dsRNA inhibits gene
expression through degradation of a specific, targeted
mRNA. Small interfering RNA (siRNA), a type of RNAi,
is a hybrid consisting of a sense and antisense strand homologous in sequence to the suppressed gene. Therefore,
synthetic siRNA can trigger an RNAi response in mam-
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malian cells and induce inhibition of specific gene expression. Fas death receptor is reported to cause apoptosis of
intervertebral disc cells, which results on disc degeneration. Anti-apoptotic agents, such as caspase inhibitors and
growth factors, attenuate apoptosis of disc cells. However,
these agents block apoptosis after its initiation or at a late
stage. Therefore, activation of early apoptotic signals may
cause detrimental effects on disc cell metabolism and
activity. These limitations suggest that siRNA technology
can be used to target the early stage of apoptosis and by
acting prior to caspase activation. We performed the current study to investigate the effect of siRNA on Fas gene
expression, apoptosis, and proliferation in rat disc cells
treated with serum deprivation.
Methods: Intervertebral disc cells were isolated from
nucleus pulposus tissues of 4-week old rats, cultured, and
placed in either 10% (normal control) or 0% (apoptosispromoting condition) fetal bovine serum (FBS) for 48
hours. The expression of Fas and viability (apoptosis and
proliferation) of the cells were determined using Wetsern
blot, TUNEL, FACS, and proliferation assay. To suppress
Fas expression, siRNA against Fas (Fas siRNA) was synthesized and transfected into the cells using oligonucleotides. The suppression of Fas expression was investigated
by RT-PCR and densitometry. The effect of Fas siRNA
siRNA on apoptosis and proliferation of the cells was determined using TUNEL, FACS, and proliferation assay.
Negative siRNA and MOCK (transfection agent alone)
were used as control.
Results: Serum deprivation increased apoptosis by 40.3%
and decreased proliferation by 45.3% in rat disc cells (both,
p<0.001), and upregulated Fas expression. Fas siRNA suppressed Fas expression in 0% FBS. The rate of suppression
by Fas siRNA was 68.5% at the mRNA level (p<0.001).
Suppression of Fas expression by siRNA inhibited apoptosis by 9.3% (p<0.05) and increased proliferation by 21%
(p<0.05) in 0% FBS.
Conclusion: siRNA-mediated suppression of Fas gene results in significant inhibition of apoptosis and increased
proliferation of rat disc cells under serum deprivation.
This dual positive effect of siRNA might be a powerful
therapeutic approach for disc degeneration by suppression
of harmful gene expression. siRNA can also be used in
gene function studies for the process of disc degeneration.
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Factors Relating Successful Ventilator Weaning
in Cervical Spinal Cord-Injured Patients
Torphong Bunmaprasert
Orthopaedics, Chiang Mai University, Chiang Mai, Thailand

Aims: Respiratory complications are the catastrophic
problem in spinal cord injured (SCI) patients, leading to
death. In cases of Cervical SCI, they usually end up with
using the mechanical ventilator if the patients are not able
to control their respiratory muscles. The weaning program should be performed as early as possible to prevent
the difficulty for weaning-off. Objective is to study the
predicting factors that effect of the success in SCI ventilator weaning.
Methods: Forty-two SCI patients with ventilator were
included in this retrospective study. Data were collected
from 2013 to 2016, by using hospital database. By using
3 steps of the weaning protocols including preparation of
the readiness to wean, weaning process and extubation
process, we found that 38 of 42 SCI patients had successful weaning with 4 important factors. Univariate analysis
was used to identify the factors related to weaning success.
Multivariate analysis was used to investigate the independent factors providing significant association with weaning successful.
Results: Among 42 SCI patients with ventilator, there were
38 cases (90.47%) achieving successful weaning. Level of
consciousness (odds ratio [OR]=11.1; 95% confidence interval [CI]=3.4, 59.55), normal chest-film (OR=5.8; 95%
CI=1.2, 59.4), normal vital sign (OR=25.5; 95% CI=1.42,
137.5), and normal hemoglobin/hematocrit (OR=19.8;
95% CI=1.17, 106.8) were the factors related to successful
rate of ventilator weaning.
Conclusion: There are several factors that associate with
the success rate of ventilator weaning in cervical SCI patients. The success rate of ventilator weaning of this study
is 90.47%. In our practice, the patients’ conscious level, vital signs, chest film and hemoglobin/hematocrit should be
evaluated or concerned before and between the weaning
processes.
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Flexibility Assessment of the Thoracic Segments above the Potential Upper Instrumented
Vertebra using Supine Side Bending Radiographs in Lenke 5 and 6 Adolescent Idiopathic
Scoliosis Patients
Mun Keong Kwan, Chee Kidd Chiu, Teik Seng Chan,
Chris Yin Wei Chan
Department of Orthopedic Surgery, University of Malaya, Kuala
Lumpur, Malaysia

Aims: This study analyzed the compensatory ability of
the unfused thoracic segments above the potential upper
instrumented vertebra (UIV) in Lenke 5 and 6 curves. In
this study, the Lenke 5 group was further subdivided into
Lenke 5–ve (mid thoracic side bending Cobb angle<15°)
and 5+ve (mid thoracic side bending Cobb angle 15.0° to
24.9°).
Methods: 100 supervised right and left supine side bending (SSB) radiographs were assessed. Right side bending
(RSB) and left side bending (LSB) angles were measured
from T1 to T12. Compensatory ability of thoracic segments was defined as the ability to return to central sacral
vertical line (CSVL) with the assumption of maximal correction of lumbar curve with a horizontal UIV tilt. The
Lenke 5 curves were sub classified into: Lenke 5-ve, mid
thoracic side bending Cobb angle <15° and Lenke 5+ve,
mid thoracic side bending Cobb angle 15.0° to 24.9°.
Results: There were 43 Lenke 5–ve, 31 Lenke 5+ve, and
26 Lenke 6 curves were analyzed. For Lenke 5–ve, >70%
of thoracic segments were able to compensate when the
UIV was between T1 to T8 or at T12 and >50% when
UIV was between T9 to T11. For Lenke 5+ve, >70% were
able to compensate when UIV was between T1 to T6 or
at T12, 61.3% at T7, 38.7% at T8, 3.2% at T9, 6.5% at T10
and 22.6% at T11. For Lenke 6 curve, >70% were able to
compensate when UIV was between T1 to T6, 69.2% at
T7, 19.2% at T8, 7.7% at T9, 0% at T10, 3.8% at T11 and
34.6% at T12. There were significant differences in compensatory ability between Lenke 5–ve vs. Lenke 5+ve and
Lenke 5–ve vs. Lenke 6 from T8 to T11. There was no
significant difference between Lenke 5+ve and Lenke 6
curves from T1 to T11.
Conclusion: The compensatory ability of unfused thoracic
segment of Lenke 5+ve curves was different from Lenke
5–ve curves and it demonstrated characteristics similar to
Lenke 6 curves.

Functional and Radiological Outcome of Using
Long Segment Posterior Pedicle Screw Constructs in Unstable Thoraco-Lumbar Fractures
Manish Chadha, Dheeraj Batheja, Shobha Arora
Orthopaedics, University College of Medical Sciences, Delhi, India

Aims: The treatment of unstable thoracolumbar fracture
remains controversial. Various options exist, but which
approach to be used and the number of levels to be instrumented still remains a matter of debate. In this study we
assess the outcome of these fractures with long segment
posterior pedicle constructs alone.
Methods: The study, comprised of 20 adult (18-50 years)
patients with unstable thoraco-lumbar fractures, was conducted with injury-surgery duration <2 weeks. Patients
with loss of more than 50% of anterior vertebral height,
kyphotic deformity more than 30 degrees, and/or evidence of posterior ligament complex (PLC) injury were
considered unstable. AO type III fractures, pathological
fractures, and pregnant and lactating females were excluded. All patients underwent posterior decompression and
stabilization with long segment posterior instrumentation
using 8 pedicle screws construct (2 vertebrae above and 2
below). The average follow-up was 28.5 months. The outcomes were analysed in terms of functional quality of life
measured by Oswestry disability index (ODI), kyphotic
angle, anterior vertebral height, duration of surgery and
blood loss.
Results: Mean age of patients was 32.8 years with majority being males (16/20) and L1 was most common
vertebra involved (10/20). Mean preoperative ODI score
was 91.88% which improved to 14.42% at final follow up.
Mean kyphotic angle improved from 20.22° preoperatively
to 2° in immediate postoperative period and was 6.1° at
final follow up. The mean preoperative anterior vertebral
height was 53.21% which improved to 90.18% after surgery and was 82.08% at final follow-up.
Conclusion: The authors recommend long segment posterior pedicle instrumentation alone for unstable thoracolumbar fractures as it has advantage of achieving better
correction with maintenance of correction and decreased
failure rates as compared to short segment posterior instrumentation and substantially less morbidity and complications as compared to anterior approach or combined
anterior and posterior approach.
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Hyperglycemia Causes Increased Apoptosis
and Expressions of MMPs, TIMPs, and
Inflammatory Cytokines in Disc Cells of
Genetically Engineered Diabetic Rats
Jong Beom Park, Jae Ho Lee
Republic of Orthopaedic Surgery, Catholic University of Seoul, Korea

Aims: Diabetes mellitus (DM) is considered a risk factor
for development of intervertebral disc degeneration (IDD).
The Otsuka-Long-Evans-Tokushima fatty (OLETF) rats
are genetically engineered diabetic rats and are characterized by mild obesity and late-onset hyperglycemia (after
4–5 months of age), bearing resemblance to human type
2 DM. Long-Evans Tokushima Otsuka (LETO) rats are
the non-diabetic genetic controls for OLETF rats. The
advantage of genetically engineered animal studies is that
one can completely control all of the variables to isolate
the variable of interest. We performed the current study
to investigate the effect of DM on apoptosis, expression
of matrix degrading and fibrotic enzymes and inflammatory cytokines of annulus fibrosus (AF) cells using agematched OLETF and LETO rats.
Methods: AF tissues (L1–6) were obtained from 6-month
old OLETF and LETO rats (10 each). We performed
TUNEL assay for apoptosis of AF cells and calculated
apoptotic index (%). We also performed Western blot and
RT-PCR to investigate expression of matrix degrading enzymes (MMP-1, -2, -3, and -13), fibrotic enzymes (TIMP-1
and -2), Fas (apoptosis-related protein) and inflammatory
cytokines (IL-1 and -6 and TNF-α) of AF cells; the results
were evaluated by semiquantitative analysis of densitometry. Finally, histologic analysis of AF tissues was performed using hematoxylin-eosin and Masson trichrome
stains.
Results: At 6 months of age, OLETF rats showed increased
body weight (565 g vs. 448 g, p<0.05) and abnormal
2-hour glucose tolerance test (225 mg/dL vs. 119 mg/dL,
p<0.01) compared to LETO rats. The apoptotic index of
AF cells and the degree of Fas expression were higher in
the OLETF rats (22.9% vs. 15%, p<0.05; 2.4 times, p<0.01).
The degree of expression of MMP-1, -2, -3 and -13 was
higher in the OLETF rats (1.4 times, p<0.05; 5 times,
p<0.01; 1.3 times, p<0.05; 1.5 times, p<0.05). The degree
of expression of TIMP-1 and -2 was higher in the OLETF
rats (1.9 times, p<0.01; 1.4 times, p<0.05). The expression
of IL-1 and -6 and TNF-α was higher in the OLETF rats
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(1.3 times, p<0.05; 3.9 times, p<0.01; 1.4 times, p<0.05).
Histological analysis showed more severe loss of lamellar
pattern (fragmentation and disorganization) and fibrosis
in AF tissues of OLETF rats compared to LETO rats.
Conclusion: Hyperglycemia is associated with increased
apoptosis and expression of matrix degrading and fibrotic
enzymes and inflammatory cytokines in AF cells. These
result in more severe loss of lamellar pattern and fibrosis
in AF tissues, which lead to rapid IDD. Our results suggest that strict blood glucose control might be important
to delay rapid IDD in patients with DM.

Incidence of Surgical Site Infection Following
Spine Surgeries and Analysis of Risk Factors
Abhishek Rao, Ramesh Kumar, Ashish Daar,
Rajesh Singh
Orthopaedics, Vmmc and Safdarjung Hospital, Delhi, India

Aims: To evaluate the occurence and risk factors for surgical site infections following spine surgeries.
Methods: This prospective, non randomized, observational study was conducted over a period of 18 months from
October 2013 to March 2015 with 200 patients enrolled
and followed up for 3 months postoperatively. Incidence
of surgical site infection (SSI) was determined and multivariate logistic regression analysis was done to determine
the effect of various preoperative and intraoperative variables on postoperative SSI. A p-values less than 0.05 were
considered significant.
Results: Out of 200 subjects, 9 developed SSI (incidence
4.5%), 8 were deep and 1 superficial SSI. Methicillin resistant S. aureus (MRSA) was the most common bacteria
responsible (6 of 9). After univariate analysis 5 variables
had significant p-value, obesity (p=0.025), impaired glucose tolerance (p=0.038), spinal decompression (p=0.046),
spinal osteotomy (p=0.002) and estimated blood loss
(p=0.018). After multivariate analysis obesity (p=0.035)
and spinal osteotomy (p=0.014) were found to be significant. Postoperative quantitative C-reactive protein (CRP)
was found to significantly higher with SSI (p=0.013 and
0.006 on 5th and 10th postoperative day, respectively).
Conclusion: Incidence of SSI in our institution was 4.5%
with MRSA responsible for most. Superficial SSI can be
treated with local wound debridement and a short course
of oral antibiotic and allowed to heal by secondary inten-
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tion. Deep SSI required aggressive debridement of infected and necrotic tissues with retention of spinal instrumentation and course of culture specific intravenous antibiotic
therapy. Obesity and spinal osteotomy were identified as
independent risk factors for SSI. Postoperative CRP can
be used as a reliable marker for SSI. Identification of these
risk factors should allow us to improve patient selection
for spine surgery and design protocols to decrease risk of
SSI in future patients.

be categorized based on factors mentioned above and empirical antibiotics based on the categorization gives good
results.

Intermediate Screw Fixation in Thoracolumbar Burst Fractures
Zaw MinHan, Kyaw Thu Win
Orthopaedic Department, University of Medicine, Mandalay, Myanmar

Infective Spondylodiscitis: How Empirical
Are We in Choosing an Empirical Antibiotic
Regime?
Vishnu Prasath
Spine Surgery, SKS Hospitals, Salem, India

Aims: Patients with infective spondylodiscitis without
histopathological and microbiological confirmation pose
a challenge to the surgeon in choosing an appropriate
antibiotic regime. Our study analysis the factors which
could help in categorizing the patients so that appropriate
empirical antibiotic regime could be started.
Methods: Eighty-six patients who presented to us with radiological evidence of infective spondylodiscitis between
July 2013 and March 2016 were included in the study. Tissue for histopathological examination and microbiological examination was sent for all the patients. Among 86
patients 38 needed surgery.
Results: Among 86 patients 34 had tuberculous spondylodiscitis, 21 had pyogenic spondylodiscitis and 31 patients
had inconclusive results. Among these 31 patients-patients with postoperative infection, positive urine /blood
culture, presence of infective focus elsewhere in the body
and with long segment epidural abscess were considered
to be pyogenic infection and empirical IV antibiotics were
started. And those with multiple vertebral body involvement, evidence of pulmonary tuberculosis and patients
not falling in the above mentioned category of pyogenic
infection were considered to have tuberculous infection
and started on empirical antitubercular therapy. Patients
started on empirical antibiotic regime improved well except for 1 patient in each category who needed change of
antibiotic regime.
Conclusion: Infective spondylodiscitis patients without
histopathological and microbiological confirmation can

Aims: Ideal fixation method in the surgical treatment of
thoracolumbar burst fractures remains controversial.
In 2007, a biomechanical study of intermediate screw
in short segment pedicular fixation for thoracolumbar
fractures was done by Anekstein et al. They found that
the addition of pedicular screw at the fractured vertebra
significantly decreased the flexibility of a short segment
construct, when tested in vitro on an burst fracture model.
The intermediate screw in a fractured vertebra works as
a pressure point with an anterior vector thus creating a
lordotic force that corrects kyphosis, provides appropriate three points fixation and decreases the lever effect.
Short segment pedicle screw insertion (SSPI) with intermediate screw improves fracture reduction, increases
the device resistance, therefore, hyperlordotic reduction
and SSPI+intermediate screw (IS) is a safe and effective
method of treating thoracolumbar burst fractures. The
study was performed at Mandalay Orthopaedic Hospital,
Myanmar. To identify the neurological outcome of patient
treated with intermediate screw fixation in thoracolumbar
burst fracture. To identify the radiological outcome of
patient treated with intermediate screw fixation in thoracolumbar burst fracture.
Methods: This study is hospital based descritive clinical
study, performed from Oct 2015 to Mar 2017. Twenty
one patients with thoracolumbar burst fracture type A
(AO Magerl classification) was involved in this study.
Fracture type other than A (AO Magerl classification) and
pathogical fractures including tumour and infection were
excluded from this study. All patients were reviewed at
monthly follow-up 1st, 2nd, 3rd, 4th, 5th, and 6th month.
Neurological status were assessed by American Spinal
Injury Association (ASIA) score. Loss of kyphosis correction was assessed by X-rays (anteroposterior, lateral) by
calculating Cobb’s angle. Computed tomography scan of
affected region for canal narrowing (%) were taken at 6th
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month follow-up.
Results: The involved vertebra were T11 (1), T12 (2), L1
(13), L2 (4), and L3 (1). Injury of L1 is the most commonest and reveal 62%. Male to female ratio is 3.3:1 (16:5).
Average age is 36.85 years and ranged from 19–68 neurological impairment is shown in Table.
American Spinal Injury
Preoperative Postoperative
Association (ASIA) score
A

3

2

B

7

5

C

6

5

D

3

7

E

2

2

There is inprovement of 33% and unchange in 67%. But
Protective sensation and proctive mitor movement in
67% of patients. Not significant change in Cobb angle and
canal narrowing, canal restoration is not significant stastically.
Conclusion: Although hypothesis of canal restoration is
not proved in this study, neurological improvrment is
remarkable and no serious complications and no failure
of fixation was observed. Short term follow up can not
assess the long term neurological recovery and long term
assessment of canal restoration is warranted for strong
conclusion of effectiveness of this method. Intermediate
screw fixation in thoracolumbar bust fractue is safe, reliable method for stabilization of fractures in that region.

Is Fluoroscopy Reliable in Percutaneous Minimally Invasive fixation technique? Evaluation
of Perforation Indices of 100 Percutaneous
Pedicle Screws
Ankit Patel, Vishal Kundnani, Tarun Dusad,
Gaurav Mehta, Tarun Dusad, Mahendra Singh Tax
Spine Surgery, Bombay Hospital & Medical Research Centre, Mumbai,
India

Aims: To evaluate the radiographic accuracy of fluoroscopy guided percutaneous technique for pedicle screw
placement in minimal invasive lumbar or lumbosacral fusion (MIS-TLIF) procedure for the lumbar spine.
Methods: 25 consecutive patients (100 pedicle screws)
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undergoing MIS-TLIF, with fluoroscopy guided percutaneous inserted pedicle screws, were analysed with postoperative computed tomography scan to assess accuracy
of Pedicle screw placement. 3D assessment was done to
evaluate Grade of perforation (Mirza criteria), Critical vs.
Non critical Nature, Location of violation, Neurological
implications of misplaced screw. Demographic, Clinical
Parameters, Intraoperative events and outcome scores
were assessed. Risk factors of perforation were evaluated
with Statistical evaluation done with standard methodology.
Results: Overall rate of screw perforation was 5%. 100
percutaneous screws in 25 consecutive patients of MISTLIF (L4–5=14/L5–S1=11) formed the study cohort. 5%
of the screws had perforation (medial [M]=2, lateral [L]=3,
inferior [I]=0, superior [S]=0) (Gr1=5, Gr 2=0, Gr 3=0,
Gr 4=0). No critical perforation was noted in this cohort.
None of the patients with perforation developed any neurological implications or postoperative leg pain. Surgical
time=145 minutes, blood loss mean=110 mL, no dural
leak, no neurological injury. Significant improvement was
noted in Clinical (visual analogue scale, 8/3), Functional
(Oswestry disability index, 58/28) parameters at final follow up. Lateral perforation and Non critical perforation
(Gr 1) were more common. Risk factors, though not statistically significant, include obese patients with high body
mass index and Poor C arm Co-ordinates preoperatively.
Conclusion: Fluoroscopy guided percutaneous insertion of
cannulated pedicle screws in the lumbar spine with MIS
is an acceptable and accurate procedure with perforation
rate of 5%. While most perforations are non-critical and
lateral however Grade 2 and medial perforations are not
uncommon. Fluoroscopy is a reliable source for percutaneous instrumentation in MIS procedures.

Is Posterior Fixation without Anterior Fusion
an Effective Treatment of Andersson Lesion
in Ankylosing Spondylitis?
Siddharth Shah, Samir Dalvie
Spine Surgery, PD Hinduja Hospital and Medical Research Center,
Mumbai, India

Aims: Anterior fusion is considered the definitive treatment for spinal pseudoarthrosis. In ankylosing spondylitis (AS), the bone shows superior bridging and fusion
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capacity. Andersson lesion (AL) is a chronic destructive
disco-vertebral mobile pseudoarthrosis occurring in the
late stages of AS. This study was aimed at evaluating the
clinical characteristics and outcomes of posterior fixation
without anterior fusion as the definitive surgical treatment
of AL.
Methods: Eleven patients (11/11 males, mean age 52.1
years) diagnosed with AL, underwent posterior pedicle
screw fixation alone without osteotomy, bone grafting or
anterior procedure. Outcome variables included radiographic measurement from preoperative, immediate postoperative and final follow-up films (mean, 30.2 months)
and clinical assessment of visual analogue scale (VAS) for
back pain and neurological assessment.
Results: All patients presented with backpain associated
with radiculopathy (18.2%), neurological deficit (3/11;
27.3%), with 90.9% patients being known cases of AS.
Nine (81.8%) AL were noted in the thoracolumbar region
(D8–L2), one each in lumbar (L3–4) and cervical (C6)
regions. Anatomically, lesions were transdiscal (81.8%),
transvertebral (36.4%) and mixed (18.2%) with posterior
elements involved in all patients. By Crawley’s classification, incidence of types 1, 2 and 3 was 54.6%, 9.1% and
36.4%, respectively. Posterior pedicle screw fixation with
mean 6.1 instrumented vertebral levels and mean 10.5
screws, were instrumented in each patient. Average operative time was 169.1 minutess; blood loss 359.1 mL.
Postoperatively, clinical improvement was noted in all
patients; VAS improved significantly (preop vs. postop,
8.9 vs. 2.2; p<0.001) and neurological recovery noted in
all three patients. Osseous union was seen in all patients;
as bony fusion mass transvertebral AL and bridging bone
formation in transdiscal AL, with no significant change
in kyphosis angle at final follow up (preoperative vs. final
follow-up, 11.7º vs. 9.5º; p>0.05). No surgical complications were reported.
Conclusion: Spinal stabilization using posterior pedicle
screw fixation alone is effective in the treatment of AL;
thereby avoiding the additional complexity and morbidity
associated with anterior procedures.

Lamina Sparing Decompression, Anterior
Column Reconstruction and Instrumented
Fusion in Thoracolumbar Spinal Tuberculosis
Pankaj Kandwal, Naveen Pandita, Shobha Arora,
Prince Raina
Orthopaedics, All India Institute of Medical Sciences, Rishikesh, India

Aims: To study clinical, functional, radiological and neurological outcome following Lamina sparing decompression, anterior column reconstruction and instrumented
fusion in thoracolumbar spinal tuberculosis to study clinical, functional, radiological and neurological outcome following Lamina sparing decompression, anterior column
reconstruction and instrumented fusion in thoracolumbar
spinal tuberculosis
Methods: Study period, Oct 2014 to Dec 2016. A total of
25 patients were included in study, one patient died and
hence was excluded from the study. Inclusion criteria
involve tuberculosis spine with dorsal or lumbar involvement and Single or multilevel involvement cases The outcomes were studied in terms of clinical improvement of
visual analogue scale (VAS), neurological improvement in
Frankel grading, improvement in Oswestry disability index (ODI) scoring and correction of segmental kyphosis.
Average follow-up 13.33 months.
Results: The mean age was 29.7 years (range, 15–65
years). The average duration of surgery and blood loss was
280±56.2 minutes and 625±344 mL, respectively. The VAS
was improved from 8.5±0.8 (pre-op) to 5±0.9 & 3±0.8
(p<0.05) at one week and two week post-op, respectively.
ODI at last follow up was 37.2±14.9 when compared to
pre-op status of 70.2±17.5. The neurological/Frankel
grade improved in all patients. The mean kyphosis correction achieved was 58.5% (Pre-op 26.11±12 & Post-op
15.3±8). Anterior cage was used in 12 cases and graft in 12
cases. The average level of instrumentation was 5.38±1.34
(range, 3–8). Complications: One patient had deep infection requiring debridement.
Conclusion: Posterior approach for dorsolumbar spine
tuberculosis can be used for decompression and three
column reconstruction. The modified decompression
technique not only gives good neurological recovery and
functional outcome (early pain relief and hence mobilization) but sparing the lamina apart form added stabilty,
gives a larger area for posterior and posterolateral fusion.
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Long-Term Survival of Osteoporotic Patients
with Thoracolumbar Fractures: Does Vertebroplasty Improve Survival?
Kuo Yuan Huang, Jung Der Wang, Shang Chi Lee
Orthopaedics, National Cheng Kung University Hospital, Tainan,
Taiwan

Aims: Vertebroplasty has been applied on osteoporotic
patients with thoracolumbar fractures in recent decades.
Polymethylmethacrylate (PMMA) cement is the most
commonly used material for augmentation. It has the
advantages of rapid pain relief, excellent results of shortterm follow-up and social cost reducing. But it has also
disadvantages due to the material properties of non-absorbable and non-biodegradable; releasing high temperature during polymerization; may cause necrosis, fibrosis
and lack of angiogenesis around the interface of bone
and cement. And long-term survival of vertebroplasty
is still unknown, so it is still a controversy on the long–
term benefit of treatment with PMMA in vertebroplasty
our aim is to determine the prognostic factors for longterm survival of osteoporotic patients with thoracolumbar
fractures by using the National Health Insurance Research
Database in Taiwan as the data source
Methods: We abstracted data of osteoporotic patients with
thoracolumbar fractures (ICD-9-CM codes 733.13 combined 805.2 or 805.4) between the years of 2003 to 2013,
stratified by conservative treatment, vertebroplasty, and
conventional operation, and then performed multivariate
Cox proportional hazard model to estimate the mortality
risks of different treatments after adjustment for age, gender, co-morbidities and complications.
Results: Crude incidence rate of osteoporotic patients
with thoracolumbar fractures in Taiwan gradually increased annually (during 2003–13): male (from 26 to 31
per million) and female (from 37 to 45 per million). We
also stratified with age, and found that more and more
people with thoracolumbar fractures along with the age
getting elder, and most of the patients are female. Patients
treated with vertebroplasty increased annually, and the
patients who choose conservative treatment decreased annually. This may be related with the progress of the skills
of the vertebroplasty. The crude death rate of patients who
received vertebroplasty seemed to be lower than conventional treatment and conservative treatment. After adjustment of age, sex, and demographic and major clinical
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risk factors, vertebroplasty seemed to improve survival in
comparison of conservative treatment with an aHR of 0.9.
Conclusion: Crude incidence rate of osteoporotic patients
with thoracolumbar fractures in Taiwan gradually increased annually (during 2003–13): male (from 26 to 31 per
million) and female (from 37 to 45 per million). Patients
treated with vertebroplasty increased annually. 3. After adjustment of age, sex, and demographic and major clinical
risk factors, vertebroplasty seemed to improve survival in
comparison of conservative treatment with an aHR of 0.9.

Management of Crankshaft Phenomenon in a
Congenital Scoliosis Patient: A Case Report
Nur Aida Faruk Senan, Ahmad Munir Hashim,
Chung Chek Wong, Eng Hooi Khoo
Orthopedics, Sarawak General Hospital, Kuching, Sarawak, Malaysia

Aims: Crankshaft phenomenon is progression of curvature in an immature scoliosis patient after posterior fusion
with or without instrumentation.
Methods: A 20 years old male patient presented to our
center with progressive kyphoscoliosis deformity after a
fusion surgery done at age of 13 years. He first presented
at 11 years old with spinal deformity and back pain. Radiographs showed scoliosis with Right hemivetebrae at T9
and left hemivertebra at L1. The thoracic Cobb's angle was
40 degrees and lumbar 65 degrees. Posterior in-situ fusion
from T9–L3 was done in the primary surgery. The implants were removed 2 years after the primary surgery as
the distal most screws pullout was noticed. Post removal,
a defect developed gradually at the posterior fusion mass
at L1 level and causing significant kyphosis and radicular
pain. Many authors suggested anterior fusion together
with posterior fusion in order to prevent this phenomenon. However, since the advent of pedicle screws instrumentation this complication has become less common. In
our patient, we reckoned that the progress of deformity
is due to inadequate fixation as there were only 2 pedicle
screws inserted distal to the L1 hemivertebra, which finally led to pullout of the screws. Besides, an attempt to
excise the hemivertebrae and reduction of the cobbs angle
should be performed to prevent implant failure.
Results: Revision surgery was planned where posterior
instrumentation, T12 partial vertebrectomy and L1 hemivertebra excision and fusion T7–L4 was done. Postopera-
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tively the patient had significant correction of deformity
and gained 6 cm in height.
Conclusion: Many authors suggested anterior fusion
together with posterior fusion in order to prevent this
phenomenon. However, since the advent of pedicle screws
instrumentation this complication has become less common. In our patient, we reckoned that the progress of
deformity is due to inadequate fixation as there were only
2 pedicle screws inserted distal to the L1 hemivertebra,
which finally led to pullout of the screws. Besides, an attempt to excise the hemivertebrae and reduction of the
cobbs angle should be performed to prevent implant
failure. A young scoliotic patient indicated for corrective
surgery must be assessed and planned with crankshaft
phenomenon in mind, in order to avoid this phenomenon
that may lead to multiple surgeries and complications. Revision surgery, performed with intraoperative neuromonitoring would provide an excellent outcome.

Minimally Invasive Iliac Screw Fixation for
Lumbosacral Spine Metastasis
Yaser Hasan, Gabriel Liu, Hee Kit Wong
Orthopaedic Surgery, National University Hospital, Singapore

Aims: Surgical management of lumbosacral junction metastatic deformity often involves lumbopelvic stabilization.
An minimally invasive (MIS) approach to iliac-screw fixation avoids complications of open surgery and is a viable
palliative option in treating patients with painful instability and advanced disease, unsuited for major reconstruction. In this study we share our clinical experience in the
use of MIS iliac-screw fixation in treatment of lumbosacral spine metastasis
Methods: Nine patients with lumbosacral metastasis who
underwent MIS lumbopelvic stabilization using iliacscrews were prospectively studied. Surgical indication in
these patients was severe axial back pain aggravated in
erect posture, indicating underlying mechanical instability.
Results: Mean cohort age was 59 years (range, 27–73
years). Median preop spinal instability neoplastic score
and Tokuhashi scores were 13 and 7, respectively. All patients were instrumented successfully without conversion
to open technique. Mean preoperative and postoperative
Cobb angle was 9° and 4.6°, respectively. There were no
neurological deficits or wound complications postop.

Postoperative computed tomography scans showed no
iliac-screw and sacroiliac joint bony violation. Mean time
for commencement of adjuvant therapy was 2.6 weeks. At
6-month follow-up the visual analogue score (VAS) for
each case was considerably better than at preop (median
scores for back and leg were 3 and 2, respectively) Average
follow-up was 12 months (range, 8–20 months). No screw
breakage, wound complication, symptomatic implant
prominence and sacroiliac (SI) joint pain were noted at
last spine surgery follow-up.
Conclusion: MIS iliac-screw fixation can be employed
without complications in metastatic spine. This provides a
new palliative surgical option for patients with advanced
metastatic lumbosacral disease, who otherwise may be
inoperable and provide symptom relief with better softtissue control and earlier postoperative adjuvant treatment
opportunity.

Minimally Invasive Lumbar Discectomy
versus Traditional Open Laminectomy and
Discectomy? A Comparative Perioperative
and Clinical Outcome Analysis
Anil Gowtham Manivannan, Sakthivel Annamalai,
Alphonse Mariadoss Joseph, Karthikeyan R.
Orthopaedics, K.G. Hospital and Post Graduate Medical Institute,
Coimbatore, ndia

Aims: Open laminectomy, often combined with medial
facetectomy and foraminotomy, has traditionally been the
standard treatment in patients without instability. In recent years less invasive procedures have emerged, and microdecompression through smaller incisions is performed.
As is often the case in surgery, the shift towards minimally
invasive methods has not been backed by solid evidence.
Minimally invasive lumbar discectomy is a refinement of
the standard open surgical laminectomy and discectomy
technique. Proponents of the minimally invasive technique suggest that it improves patient outcome, shortens
hospital stay, and decreases hospital costs. Despite these
claims there is little support in the literature to justify the
adoption of minimally invasive discectomy over standard
open surgical discectomy.
Methods: We retrospectively reviewed the medical records
and relevant imaging of patients who underwent surgical
decompression for lumbar disc disease. A chart review
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was performed to determine intraoperative blood loss,
length of operative time, length of hospital stay, and number and nature of complications. Also, pain scores were
used to analyze the patients clinical outcome in terms of
pain relief, satisfaction, sick leave and time taken to return
back to preoperative activity level.
Results: The minimally invasive lumbar discectomy patients had shorter operating room times, less estimated
blood loss, shorter length of stay, and fewer complications.
At one year the effectiveness of microdecompression is
equivalent to laminectomy in the surgical treatment of
lumbar disc disease. Favorable outcomes were observed
at one year in both treatment groups. The differences,
although statistically significant, are of modest clinical
significance.
Conclusion: Given the learning curve associated with the
introduction of minimally invasive approaches to clinical
practice, these modest clinical benefits probably do not
warrant the transition from a standard surgical approach
to a minimally invasive approach for surgeons whose
lumbar spine practice is predominantly limited to laminectomy and discectomy.

Minimally Invasive-Microscopic Assisted StandAlone Trans-Articular Screw Fixation without
Gallie Supplementation in the Management of
Mobile Atlanto-Axial Instability
Tarun Dusad, Vishal Kundnani, Gaurav Mehta,
Mahendra Singh, Ankit Patel, Sameer Ruparel
Spine Surgery, Bombay Hospital and Medical Research Centre, Mumbai,
India

Aims: The aim of the study was to evaluate the clinicoradiological efficacy of stand-alone minimally invasivemicroscopic assisted stand-alone trans-articular screw
fixation (MIS-TAS) without supplemental Gallie fixation
in the management of mobile C1–C2 instability.
Methods: 82 Consecutive patients between 2009 and 2014
with mobile atlantoaxial instability (AAI) and more than
2 years follow up were included in the study. All cases
were from a single institute, single surgeon, data observed
by independent observer. All the patients were managed
by stand-alone TAS fixation using MAGERL technique
and morsellised allograft without additional fixation after
evaluation for suitability for the procedure. Intra operative
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parameters and patient demographics were noted. Clinical
parameters (visual analogue scale [VAS]/Oswestry disability index [ODI]), neurology (modified Japanese Orthopedic Association score [mJOA]) and radiological factors
(Atlanto-Dens Interval & Space Available for Cord) were
evaluated pre-op, post-op and at 3, 6, 12, 24 months follow up. Resolution of symptoms and satisfaction with the
procedure was assessed with Odom’s Criteria. Computed
tomography (CT) scan was obtained in those who did not
show interspinous fusion on X-ray at 1 year. Statistical
analysis done with SPSS ver. 20.0 with Student t test (paired
and unpaired) and analysis of variance to assess levels of
statistical significance (p<0.05)
Results: Eighty-two consecutive cases (male:female=3:1,
mean age=36 years) with mobile AAI, managed using
TAS fixation with morcellised allograft were evaluated.
A total of 164 trans articular screws were placed and
studied. Significant improvement was noticed in clinical
(mean preop/postop VAS=7.2±2.19/3.3±1.12, pre/postop
ODI=78.3±4.83/34.05±3.26) and neurological features
(mean preop/posop mJOA=14.73±2.68/17.5±2.21). Radiological evidence of fusion was noted in 97.5% cases at
final follow up with mean interval being 4.5 months. Seventeen patients did not show inter-spinous fusion on Xrays and CT scan was done at 1 year, which revealed facet
fusion in all of them. Seventy-nine of eighty-two patients
had excellent-good result (Odom’s criteria) whereas 3 patients with significant pre op myelopathy had fair result.
Inadvertent Vertebral artery injury was noticed in 1 case.
Conclusion: Bilateral stand-alone TAS fixation with morcellised allograft provides excellent radiological and clinical outcomes. Addition of a supplementary tension band
and structural graft as is not essential. This provides the
opportunity to avoid the complications associated with
this step.

Neurological Recovery Pattern in Cervical
Spondylotic Myelopathy after Anterior
Decompression and Plating: A Prospective
Study with 1 Years Follow Up
Naveen Pandita
Orthopaedics, Aiims, Rishikesk, India

Aims: Surgical decompression of the cervical spondylotic
myelopathy is preffered method of treatment and has
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shown good to excellent functional outcome. Neurological recovery and regression of myelopathy symptoms is
one of the important factors determining final outcome
after surgical decompression. This study adds to the present literature regarding the pattern of neurological recovery and prognosticating the patient about the resolution
of their myelopathy symptoms after surgery.
Methods: This prospective study was conducted in the
Postgraduate Department of Orthopedics, Government
Medical College and Associated Hospitals, Jammu from
November 2012 to October 2014. A total of 30 consecutive patients of cervical spondylotic myelopathy were
treated by anterior decompression and stabilization were
prospectively followed for 1 year and evaluated for short
term results of-overall neurological outcome, overall
neurological recovery pattern and specific Neurological
recovery pattern. Postoperative outcome was evaluated
using the modif ied Japanese Orthopedic Association
score (mJOA) score. Recovery rate was calculated using
Hirabayshi’s method. The JOA score was assessed before
the operation, at 1 week, 2 weeks, 1 month, 3 months, 4
months, 6 months and 1 year. The pattern of neurological
recovery in the overall JOA scores, upper limb function
JOA score, lower limb function JOA score and sphincter
function JOA score after surgical decompression were
documented and analysed.
Results: Postoperative mJOA in the 1st month was 0, in
the 3rd month was 12.90±3.57, in the 4th month was
13.50±3.55, in the 6th month was 14.63±3.62 and in the
final follow up of 1 year was 14.9±3.24. The average recovery rate during 1st month follow-up was zero percent.
The average recovery rate during 3rd month follow-up
was 12.91% with a range of 50% to 0%. The average recovery rate during 4th month was 32.5% with a range of 0
to 60%. The average recovery rate during 6th month was
72.83% with a range of 0 to 100% and the average recovery rate during the final follow up of 1 year was 54.3%.
Conclusion: Neurological recovery after the surgical decompression starts from the 3rd postoperative month and
increase till the 6th postoperative period and then gradually pleatues over the duration of next six months till it
becomes static. Upper limb neurological function recovers
better than lower limb function which has better recovery
rate than bladder function. Duration of symptoms is an
important factor to be considered in determination of
postoperative neurological recovery.

Novel Outlook on Curve Progression Prediction
in Adolescent Idiopathic Scoliosis: Patterns for
Those who Require Observation Only, Bracing
or Surgery
Jason Pui Yin, Prudence Wing Hang, Dino Samartzis,
Keith Dip Kei Luk
Cheung, Orthopaedics and Traumatology, The University of Hong Kong,
Hong Kong

Aims: Determining the peak growth velocity of an adolescent idiopathic scoliosis (AIS) patient is important for
timely initiation of bracing in preventing curve progression. Despite its proven benefits, we still do not know
which patients respond best to bracing. The aim of this
study was to determine the different patterns of curve
progression in AIS patients who eventually needed only
observation, bracing, or surgery.
Methods: This was an analysis of prospectively collected
growth and Cobb angle data of AIS patients who presented at Risser 0–3 and followed to maturity. Patients were
divided into groups according to the treatment modalities
eventually given: observation-only, bracing and surgery.
For analysis, data from initial presentation to commencement of intervention, either bracing or surgery, was used
to determine changes in curve progression and growth
occurring prior to initiating treatment.
Results: A total of 308 AIS (75.6% females) patients with
mean age of 12.6±1.4 years were studied. Mean follow-up
before initiating treatment was 4.3±2.3 years. Group distributions were n=188 (observation-only), n=114 (bracing), n=6 (direct to surgery). The peak rate of curve progression occurred consistently later than the peak growth
spurt. The rate of curve progression was 0.28±0.21°/
month for the observation-only group, 1.41±0.98°/month
for bracing, and 0.84±0.37°/month for direct surgery
groups prior to peak curve progression. Although the
absolute Cobb angle was similar, diagnostic cut-off rates
of curve progression was 0.20°/month (sensitivity: 71.4%;
specificity: 61.7%) and 0.79°/month (sensitivity: 71.4%;
specificity: 56.4%) for the observation-only and bracing
groups, respectively.
Conclusion: This large-scale study illustrates that the
curve progression rates for patients who require bracing
and direct surgery at onset differ from those who can be
observed. In addition, the maximal curve progression occurs after the peak growth spurt suggesting that the curve
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should be monitored closely even after peak growth. By
observing the trend of growth and curve progression rate,
one may “predict” which patients are most indicated for
interventions like bracing.

Outcome of Single Stage Posterior Spinal
Fusion Using Skip-Level Pedicle Screw
Instrumentation in Adolescent Idiopathic
Scoliosis Patients with Cobb Angle >90°
Mun Keong Kwan, Chris Yin Wei Chan,
Shun Herng Tan, Ling Hui Loh
Department of Orthopedic Surgery, University of Malaya, Kuala
Lumpur, Malaysia

Aims: Single stage posterior spinal fusion (PSF) using skiplevel pedicle screw instrumentation was performed in 70
adolescent idiopathic scoliosis (AIS) patients with Cobb
angle >90°. The average correction rate was 61.0%±10.7%
with good spinal balance. The fusion rate was 98.5%. At 2
years, overall scoliosis research society (SRS) 22r scores,
self-image domain and satisfaction domain demonstrated
significant improvement.
Methods: Single stage PSF using skip-level pedicle screw
instrumentation was performed in 70 AIS patients with
Cobb angle >90° and followed up for a minimum of 2
years. Outcome measures included side bending correction index (SBCI), C7–central sacral vertical line (CSVL)
distance, apical vertebral translation (AVT), clavicle angle,
T1 tilt, cervical axis and radiographic shoulder height
(RSH). Spinal fusion was assessed using computed tomography and plain radiographs. Clinical complications
and SRS 22r scores were documented.
Results: The average age was 15.8±5.2 years. Mean screw
density was 1.3±0.1. Operative time averaged 200.4±50.6
minutes with blood loss of 1749.5±1005.2 mL. C7CSVL distance improved from 15.8±9.3 to 8.4±6.0 mm
(p<0.001) at final follow up. T1 tilt, cervical axis, clavicle
angle and RSH also significantly improved. The Cobb
angle improved from 104.3°±12.5° to 40.8°±13.1° at final follow-up (p<0.001) leading to a mean correction
rate of 61.0±10.7%. At 2 years, the SRS 22r overall scores
(3.6±0.4 to 3.9±0.5, p<0.001), self-image domain (2.5±0.6
to 3.7±0.7, p<0.001) and satisfaction domain (3.8±0.9 to
4.2±0.7, p=0.009) showed significant improvement. Fusion rate was 98.5%. There was one patient who had in-
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traoperative seizures and two patients who had superficial
wound infections.
Conclusion: Single stage PSF using skip-level instrumentation led to an average correction rate of 61.0%±10.7%
with good spinal balance after 2 years. The fusion rate was
98.5%. Overall SRS 22r scores, self-image domain and satisfaction domain demonstrated significant improvement
at 2 years.

Outcomes of Complex Craniovertebral
Anomalies in Children after Preoperative
Planning with Surgeon Directed Multiplanar
Reconstruction Computed Tomography
Arjun Dhawale, Kshitij Chaud, Avi Shah, Abhay Nene
Orthopaedics, Sir HN Reliance Foundation Hospital and B.J. Wadia
Hospital For Children, Mumbai, India

Aims: Internal fixation in complex craniovertebral junction (CVJ) anomalies in young children is challenging
due to small size and dysplastic posterior elements. Surgical planning in these cases needs reconstruction in nonorthogonal planes for assessment of feasibility of screw
size and trajectory.
Methods: We prospectively studied 10 consecutive children with quadriparesis with CVJ anomalies. Clinical features, dynamic cervical radiographs, magnetic resonance
imaging (MRI) and computed tomography (CT) were
evaluated. CT DICOM data was processed using OSIRIX
software to create multiplanar reconstructions and virtual
3D models. OSIRIX multiplanar reconstruction information was compared with that obtained from conventional
imaging (PACS) with respect to pathoanatomy and fixation anchors and graded by two surgeons (by consensus)
as A-substantial new information, B-confirmatory, improved understanding of anatomy, and C-no new information. Feasibility of screw trajectories was ascertained.
All patients underwent C1–2 /occipitocervical (OC) fusion. Technical difficulties/complications were recorded.
Results: Out of the 10 patients, six children were syndromic with mean age of 7.9 years with neurology Frankel
C (9) and D (1). Three patients had basilar invagination
and 7 had os odontoideum. C1–2 fusion (3) and OC fusion (7) was performed with 35 cervical fixation anchors
(lateral mass screws, pars/pedicle screws, laminar screws,
transarticular screws, laminar hooks). Substantial new
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information (A) was obtained in all cases for fixation anchors and in 50% for pathoanatomy. Mean follow-up was
18 months. There was neurological improvement in 9 cases to Frankel D/E. Postoperative MRI showed satisfactory
decompression and CT accurate screw placement (92%).
Complications were non-dominant vertebral artery injury
(1), hook dislodgement with neurological worsening (1).
Conclusion: Preoperative planning with multiplanar 3D
reconstruction of CT provides more information and
helps plan surgery in pediatric CVJ anomalies. Ability of
the surgeon to manipulate DICOM images preoperatively
has advantages over conventional ways of processing preoperative information.

Pelvic Consequence on Maintaining of Sagittal
Realignment Following Surgical Correction of
Adult Spinal Deformity Patient

of C7 SVA (p=0.041) and PT (p=0.001). Pelvic fixation
group significantly maintained C7SVA (p=0.883) and PT
(p=0.101). However the PJA (p<0.001), TK (p<0.001),
and TLK (p<0.001) were significantly changed at ultimate
postop. PI-LL ≥10° group did not significantly maintained
C7SVA (p=0.044) and PT (p<0.001) compared to PILL<10° group.
Conclusion: Our results suggest that low PI, pelvic fixation, and PI-LL<10° show better maintaining of C7 SVA
and PT immediately acquired by surgical correction for
ASD. Therefore we should consider these pelvic factors regarding to sagittal realignment surgery for ASD patients.

Predictability of Curve Progression in Adolescent Idiopathic Scoliosis Using the Distal
Radius and Ulna Classification

Cheung Kue Kim, Ki Tack Kim, HyungSuk Juh

Jason Pui Yin Cheung, Prudence Wing Hang,
Keith Dip Kei Luk

Department of Orthopedic Surgery, Kyung Hee University Hospital at
Gangdong, Seoul, Korea

Orthopaedics and Traumatology, The University of Hong Kong, Hong
Kong

Aims: This study aimed to clarify the effect of the pelvic
factor on the maintenance of sagittal realignment immediately acquired by surgical correction for adult spinal
deformity (ASD) patients.
Methods: This study evaluated 102 patients with ASD who
underwent surgical correction with a minimum follow-up
period of 2 years. Standard spinopelvic sagittal parameters
C7 sagittal vertical axis (C7 SVA), C2 sagittal vertical axis
(C2 SVA), cervical lordosis (CL), thoracic kyphosis (TK),
proximal junctional angle (PJA), thoracolumbar kyphosis
(TLK), lumbar lordosis (LL), pelvic index (PI), pelvic tilt
(PT), and PI-LL were measured using full-length spine
images performed at preop, 2-months, and ultimate postop. Patients were grouped according to preoperative
PI: Low PI (PI<50°), Intermediate PI (50°≤PI≤60°), and
High PI (60°>PI). We also classified patients according to
whether pelvic fixation is or not and postoperative PI-LL
was achieved as follows: PI-LL<10° vs. PI-LL≥10°. Statistically, paired-t test, independent-t test, Wilcoxon rank test,
and analysis of variance-test were used.
Results: Although surgical correction for ASD showed
significant recovery of sagittal alignment parameters in
all groups, there was partial correction loss at ultimate
postop. High PI group showed significant correction loss

Aims: Determining remaining growth potential in adolescent idiopathic scoliosis (AIS) patient is necessary for
predicting prognosis and treatment initiation. The risk
of curve progression is greatest with skeletally immature
patients and thus close monitoring or early interventions
should be provided. Many parameters exist for measuring
skeletal maturity status in AIS patients. The distal radius
and ulna classification (DRU) has been shown to predict
peak growth and growth cessation but its relationship
with scoliosis progression is unknown. Hence, the aim of
study is to validate the role of DRU for predicting curve
progression in AIS.
Methods: All AIS patients followed-up in our clinic from
April 1998 to June 2014 who presented with Risser sign
of 0– and were followed till skeletal maturity at Risser
4+/5 or till surgery were included into study. Minimum
2-year follow-up was required for inclusion into study.
Body height (BH), arm span (AS), Cobb angle magnitude,
curve type, age at menarche for females, Risser sign, DRU
grades, and whether any bracing was given were recorded
at initial visit and at final follow-up. Unfavorable outcomes of 40° and 50° were used for analysis based on the
cut-offs of adulthood progression risk and surgical threshold, respectively. The risk of curve progression was tested
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based on each patients’ initial curve magnitude and DRU
grade. Statistical analyses were performed with logistic
regression to determine probabilities of curve progression
to the above stated outcomes.
Results: A total of 513 AIS patients (400 females) were
studied. The mean age at initial presentation was 12.5±1.3
years and the mean duration of follow-up was of 4.7±2.5
years. At initial presentation, 50.2% of patients were premenarche. Up to 316 (61.6%) of patients received bracing
and 32 of these patients required surgery after bracing. A
total of 226 (44.1%) patients were Risser 0, 175 (34.1%)
were radius grade 6, and 156 (30.4%) were ulna grade 5
at initial presentation indicating those who were at peak
growth. For the final outcome, 162 (31.6%) reached the
40-degree threshold and 74 (14.4%) reached the 50-degree threshold. Cobb angle for 148 (28.8%) patients were
at 20–25 degrees at initial presentation. At R6 and U5,
most curves beyond Cobb angle of 25° progress while at
R8 and U7, only those with 35° or more are at high risk of
unfavorable outcomes. Most curves at R9 and U8 did not
progress.
Conclusion: This study illustrates the utility of the DRU
for predicting curve progression and may guide timing
of treatment. AIS patients who are skeletally immature as
indicated by the DRU are high risk for progression to 40°
or 50° at the end of growth despite a mild curve. Those
with a moderate-sized scoliosis are at increased risk of an
unfavorable outcome despite being near skeletal maturity.

Prediction by Expert Oncologists is More
Accurate than the Revised Tokuhashi Score
in Determining Survival for Patients with
Metastatic Spinal Cord Compression
Kenny Kwan, Tai Cheung Lam, Hui Yu Koh,
Kenneth MC Cheung
Orthopaedics and Traumatology, The University of Hong Kong, Hong
Kong

Aims: Current scoring systems are inaccurate in prognosticating patients with metastatic spinal cord compression
(MSCC), particularly in patients receiving new targeted
therapies appropriate to their diseases. This study aims to
report the accuracy of prognostication by a panel of attending oncologists compared with modified Tokuhashi
scores in MSCC patients.
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Methods: All patients who underwent operative treatment
for MSCC between January 2011 to December 2015 were
reviewed. Each patient’s data was reconstructed into an
anonymised clinical scenario and presented independently to five blinded attending oncologists with at least three
years’ post fellowship experience. They were surveyed
for survival prediction twice at no less than four weeks’
interval apart. The accuracy of their prognostication and
modified Tokuhashi score were correlated with actual survivals.
Results: Fifty-five patients underwent surgery for MSCC
during the study period. The mean age at presentation
was 61.1 years (range, 41 to 79 years), and mean actual
survival was 21.6 months (range, 1 to 68 months). Primary cancer sites included lung, breast, kidney, prostate
unknown origin and miscellaneous at the time of presentation. Tokuhashi scores accurately predicted 54.5% of
cases whose actual survival were <6 months, 25% for 7–12
months and 40.9% for >12 months, whilst the oncologists’
prediction was 60%, 40%, and 64.5% respectively. Cohen’s
kappa agreement with actual survival was higher by oncologists’ estimation (0.52) than by Tokuhashi score prediction (0.31) (p=0.018). Intra-class correlation showed
high inter-reliability (0.71) between the five oncologists
and a high test-retest reliability (0.69) between both
rounds of the survey.
Conclusion: This study showed that expert oncologists
provided more accurate survival prediction than existing
scoring system compared with actual survivals in MSCC
patients. This can affect surgical decision-making and
informed consent. Future studies are required to identify
factors in their assessment that led to enhanced accuracy,
through which a new scoring system can be developed.

Prediction of Non-Union in Thoracolumbar
Osteoporotic Vertebral Fractures under Bisphosphonate Treatment Using Bone Metabolic
Markers
Akira Iwata, Masahiko Yakahata, Masahiro Kanayama,
Fumihoro Oha, Tomoyuki Hashimoto,
Norimasa Iwasaki
Orthopaedic, Hokkaido University, Sapporo, Japan

Aims: Non-union in osteoporotic vertebral compression fracture (OVCF) can lead to intractable back pain
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and neurological deficit. This study determined if bone
metabolic markers could predict non-union of early stage
OVCF under bisphosphonate treatment.
Methods: Thirty-four patients who underwent nonoperative treatment with 35 mg of weekly alendronate
(ALN) for a single-level fresh thoracolumbar OVCF
were enrolled. Bone alkaline phosphatase (BAP) and tartrate- resistant acid phosphate type 5b (TRAP5b) were
measured before introducing ALN, and at 4, 8, 12 and
24 weeks. The change in central vertebral body height at
the fractured vertebra (delta CVBH) was measured at the
same time. Three independent observers judged the union
at 24 weeks. Twenty-four patients achieved radiographic
union (Union group) and 10 patients did not (Non-union
group).
Results: Changes in BAP were significantly higher at 4
weeks and in TRAP5b at 4, 8, 12, and 24 weeks in the
Non-union group than in the Union group. A total of
94.1% (16/17) of the patients with <40% increase in BAP
and >0% decrease in TRAP5b at 4 weeks relative to the
pre-treatment levels achieved union, which represented
80% (16/20) of all the union cases. The delta CVBH was
negatively correlated with the change in BAP (R=–0.65)
and TRAP5b (R=–0.52).
Conclusion: The combination of abnormal increase in
BAP and delay in the decrease in TRAP5b at 4 weeks
after introducing ALN was associated with non-union
of OVCF. Even under suppressive background condition
using bisphosphonate, bone metabolic markers reacted to
the fracture showing in delta CVBH.

Proteomic Analysis of Intervertebral Lumbar
Disc Herniations? Analysis of Possible Bacterial Infection
Siddharth Aiyer, S. Rajasekaran, Chitraa Tangavel,
Sharon Nayagam, M. Raveendran, Ajoy Shetty,
Rishi Kanna, K. Dharmalingam
Department of Spine Surgery, Ganga Hospital, Mumbai, India

Aims: Recent literature has suggested the presence of bacteria in the milieu of the intervertebral disc. There is a raging controversy over presence of these bacteria in human
lumbar discs in-vivo, and if they represent contamination
or infection. Proteomics can provide valuable insight by
identifying proteins signifying bacterial presence and,

also host defense response proteins (HDRPs) which will
confirm infection. The study aimed to address the controversy of infection as an etiology for disc disorders through
protein profiling.
Methods: A comparative proteomic profiling of intervertebral disc tissue between 15 patients of disc herniation
(DH) undergoing microlumbar discectomy and 5 patients
of severe disc degeneration (DD) treated with lumbar fusion and 2 normal in magnetic resonance imaging (NM)
treated for spinal tumor resection was performed. The
samples were harvested intraoperatively and immediately
snap frozen. Samples were pooled into three groups and
proteins extracted were pre-fractionated on SDS-PAGE
(polyacrylamide gel electrophoresis) and proteins were
analysed by LC-MS/MS (liquid chromatography- tandem
mass spectrometry). Post identification, data analysis was
performed using Uniprotdb, Pantherdb, Proteome discoverer and STRING network. Authentication for bacterial presence was performed by PCR amplification of 16S
rDNA.
Results: Proteomic analysis identified 394 proteins in NM,
564 in group DD and 1,103 in DH samples. The raw data
was analysed for proteins specific for Propionibacterium
acnes (P. acnes) and Staphylococcus epidermidis (S. epidermidis), revealed 73 bacterial proteins of which 56 being
specific for P. acnes and 17 for S. epidermidis. Essential
proteins for the survival of P. acnes identified include-30
S Ribosomal protein, Diaminopimelate epimerase (DAP),
NADH-Ubiquinone oxydoreductase, Cytochrome oxidase
and Copper containing nitrite reductase. In addition, 67
infection specific HDRPs; unique or upregulated such as
Defensin, Lysozyme, Dermcidin, Cathepsin-G, ProlactinInduced Protein, Phospolipase-A2, etc., were identified
confirming presence of infection. Species specific primers for P. acnes identified 16s rDNA confirming presence
of P. acnes in both NM discs, 11 of 15 DH discs and all
five DD discs. Gene Ontology, analysis for biological
process, molecular function, cellular component of disc
tissue and functional protein association network analysis
documented 169 proteins with close interactions (protein
clustering co-efficient 0.7) between host-response and
degenerative proteins implying that infection may initiate
degradation through Ubiquitin C.
Conclusion: This study demonstrates bacterial specific
proteins and host defense proteins to infection which
strengthen the hypothesis of infection as a possible initiator of disc disease. These results can lead to a paradigm
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shift in our understanding and management of disc disorders.

Quantification of Bone Graft Required for
Interbody Fusion: A Computed Tomography
Based Study of 100 Subjects
Sameer Ruparel, Arvid Kulkarni, Sunila Jaggi,
Shadab Siddiqui
Spine, Bombay Hospital Institute of Medical Sciences, Mumbai, India

Aims: No study has documented the quantity of bone graft
required for interbody fusion. Literature supports bone
graft to be impacted in anterior 1/3rd of disc space during
transforaminal lumbar interbody fusion (TLIF) procedure. We conducted a study to find this numerical value
for interbody fusion at L3–4, L4–5, and L5–S1 levels.
Methods: A prospective cohort study of 100 consecutive
subjects undergoing computed tomography (CT) scan
of abdomen and pelvis for complaints unrelated to spine
were included. Thin (1 mm) sections were made and
using 3D reconstruction and freehand region of interest (ROI) programme, areas of 6 adjacent end plates was
calculated. Disc space area was considered as the mean of
adjoining end plates. Volume of the disc space depended
on the height of interbody cage used (8–14 mm) which
was then divided by 1/3rd to deduce the quantity of bone
graft required.
Results: 52 males and 48 females with age more than 18
years (range, 18–81 years; mean, 48.38 years) were included in the study. The quantity of bone graft required can be
tabulated as follows:

Volume of bone graft required (mL)
Interbody cage

L3–4

L4–5

L5–S1

8 mm

3.27952

3.33485

3.19088

9 mm

3.68946

3.75171

3.58974

10 mm

4.0994

4.16857

3.9886

11 mm

4.50934

4.58542

4.28846

12 mm

4.91928

5.00228

4.78632

13 mm

5.32922

5.41914

5.18518

14 mm

5.73916

5.836

5.58404

Conclusion: This is one of the first studies to focus on the
quantity of bone graft required to fill 1/3rd of the disc
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space to achieve interbody fusion in the lumbar spine. It
is necessary to calculate this amount, since the amount of
bone graft used is generally arbitrary and may be insufficient. We believe that the above quantification would set
a basic protocol and putting it into practical application
might help to achieve better results.

Review of 42 Cases of Intradural Extrame-dullary
Primary Spinal Tumor Managed Surgically
Rohit Pokharel, Lakhan Lall Shah, Dinesh Kafle,
Rajesh B Lakhey, Sushil Paudel
Department of Orthopedics and Trauma Surgery, Institute of Medicine,
Kathmandu, Nepal

Aims: Primary tumors in the spinal canal constitute 2%
to 4% of all CNS system neoplasms; and can anatomically
be exradural, indradural extramedullary (IDEM) and
intramedullary. Early diagnosis followed by total en bloc
resection an cure it. We report review of 42 cases of IDEM
cases managed in our center.
Methods: Forty two cases with clinico-radiological diagnosis of IDEM, operated in the last 8 years (2008 to 2016)
were enrolled in this study. Tumors in the thoracic level
were excised by standard bilateral laminectomy approach,
and those in the thoracolumbar and lumbar region were
approached by “spinoplasty and laminectomy” technique.
Clinical and radiological follow-up was carried out for at
least a period of 1 year of surgery (1 to 8 years). The clinical outcomes were measured in terms of improvement
of back pain visual analogue scale score, neurological
recovery in American Spinal Injury Association (ASIA)
impairment scale, and absence of recurrence in one-year
follow-up. Magnetic resonance imaging was repeated only
in cases with recurrence.
Results: Out of 42 cases 28 were male and 14 female, with
an average age of 42.87 years (range, 11–71 years). Low
back pain and lower limbs weakness was common symptom. Histopathology examination showed Schwanomma
(16), Ependymoma (9), Meningioma (7), Lipoma (2),
Neurofibroma (2), Dermoid cyst (2), NHL (1), Primary
mesenchymal chondrosarcoma (1), PNET (1), Hemangioma (1). Evaluation of postoperative outcome showed
favorable results in majority of cases with improvement in
back and radicular pain (73.2%). Neurological improvement was in 75.6% of the cases. Two cases of ependymo-
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ma with postoperative radiotherapy showed recurrence.
One case of primary mesenchymal chondrosarcoma died
after radiotherapy.
Conclusion: Primary intraspinal tumor can also cause
low back pain with or without neurological deficits. Early
diagnosis, total surgical resection, and long term clinical
and radiological follow-up is the practical approach to
these tumors.

with traction and nor neurodeficit recorded.
Conclusion: Intraoperative traction elongates spinal column, helps in apical vertebral rotation, hence, apical instrumentation and decreases the load on implants for correction. It also decreases the operative time and blood loss
which could have significant reductions in health resource
utilization. We advocate use of sublaminar tap in severely
rotated apical area to get balance correction of deformity
without complex osteotomy.

Role of Intraoperative Traction to Do Single
Stage Posterior Correction in Severe Adolescent
Idiopathic Scoliosis

Sacro-Pelvic Tilt as a Predictor for Optimal Lumbar Lordosis

Hardik Suthar, Pramod Sudarshan, Vamsi Varma,
Sajan Hegde

Abduljabbar Alhammoud, Khalid Mukhtar,
Nasser Khan, Mahmoud Arbash, Abdul Moeen Baco

Orthopedic, Apollo Hospital, Chennai, India

Orthopedics, Hamad Medical Corporation, Doha, Qatar

Aims: To establish the role of intraoperative traction in severe scoliosis >90º with posterior only approach without
complex osteotomy.
Methods: 16 patients (mean age, 16.7 years; 11 female,
5 male) with >90º curve was enrolled. Intraoperative
traction with Gardner’s skull tong (15%–20% of body
weight) and both legs skin traction (10% of body weight
on each side). Posterior instrumentation done with combination of screws, hooks and sublaminar bands. Only
Facet release without any osteotomy was done. Patients
were divided in two groups based on apical instrumentation. Group A-apical pedicle screws (9 patients with 9
curves>90º); Group B-apical laminar bands (7 patients
with 10 curves>90º). Operative time, blood loss, correction of Cobb angle, sagittal and coronal balance and functional assessment with SRS-22 score were done.
Results: Preoperative mean Cobb angle for major curve
was 104.3º reduced to 68º and 41.6º (34.8% and 60.1%
correction) on preoperative traction and postoperative
radiographs. In subgroup analysis; Group A–major Cobb
angle was 101.1º reduced to 30.1º (70.2%) and in group B
from 107.4º to 47.5º (55.7%) postoperatively. Apical vertebral rotation was changed from 3.2 to 2.3 in group A and
3.6 to 3.1 in group B. Statistically Significant correction
of major curve achieved in group A compared to group B
(p=0.03). Coronal and sagittal balance achieved in all patients. Total operative time was 236.5±27 minutes, blood
loss of 730±187 mL and SRS score was 4.12, which were
comparable in both the groups. Neither complications

Aims: Spino-pelvic parameters are crucial to address the
spinal sagittal balance; such measurements require standardized lateral X-ray views that include the spine as well
as the hips, which are not always available upon referral
of cases, where instead, shorter films for the lumbo-sacral
spine are requested. We aimed to describe a pelvic radiological reference points that could provide comparatively
sound sagittal balance estimates, from conventional lumbo- sacral lateral X-ray views. The iliopectineal line was
addressed as a radiological reference in the pelvis, that
along with the horizontal line, and the upper endplate of
the first sacral vertebra, provide two angles, the Iliopectineal inclination (Doha angle, DA), and the Sacro-pelvic tilt
(Baco angle, BA), respectively.
Methods: Radiological images for 96 adult subjects, aged
between 20–80 years, with suspected or established diagnosis for spine problem. Readings were taken from the
institute’s digital radiology library, blinded to personal and
clinical data. Frequency tables, correlations and test of difference were tested, taking (p-value<0.05) as cut-off for significance. Correlation to the conventional Pelvic Incidence
(PI), Pelvic tilt (PT), and the Sacral slope (SS), measured
for the same patients, and from the same standardized
standing lateral views that include the femoral heads.
Results: Readings of the new angles were found to be
practically easy and reproducible. The iliopectineal inclination (Doha angle) readings averaged ±9 degrees,
indirectly proportional to the pelvic tilt (r=−0.46, p-value
0.001), along with its averaged 7 degree difference from
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the mean Pelvic incidence (54±8.9 degrees), DA (practically the sum of SS+BA) corresponded to the described
lumbar lordosis values in the literature, as well as the
estimated lumbar lordosis by Schwab’s formula for the
study sample. On the other hand; the Sacro-pelvic tilt
(BA) had readings of 24±8 degrees, and a highly significant, yet weak negative correlation with the sacral slope
(p-value=0.001, r=−0.266). Having the Sacral slope as a
common component for both DA and PI; those 7 degrees
difference seem to reflect an actual upper sacrum retroversion, relative to the pelvis, which had a significant difference in age terms; those with sacral retroversion >7 and
<7, for average age of 31 years, 40 years, respectively (pvalue=0.001) and seem to contribute to maintaining the
spinal sagittal balance, that becomes more profound by
the age of 50 years (averaged 2 degrees for over 50 years,
in comparison to 8 degrees for youngers).
Conclusion: The iliopectineal lines provide reproducible
readings, closer values to the lumbar lordosis, and addresses sacroiliac contribution to the sagittal balance, that
regresses by middle age.

Significance of Lumbar High-Intensity Zones
on Magnetic Resonance Imaging: Imaging
Biomarkers for Severe, Prolonged Low Back
Pain and Sciatica in a Large-Scale PopulationBased Cohort
Jason Pui Yin Cheung, Masatoshi Teraguchi,
Jaro Karppinen, Cora Bow, Kenneth Man Chee Cheung,
Keith Dip Kei Luk, Dino Samartzis
Orthopaedics and Traumatology, The University of Hong Kong, Hong
Kong

Aims: High-intensity zones (HIZs) of the lumbar spine
can be visualized on magnetic resonance imaging (MRI).
Their clinical relevance has been scrutinized and regarded
as purely an incidental finding. However, previous studies
largely consisted of small sample sizes, patient-based cohorts, and inadequate analysis of its association with other
MRI phenotypes (e.g., disc degeneration, disc displacement, Modic changes) and the clinical profile. Hence, the
objective of study is to assess the relationship of lumbar
HIZs on MRI with low back pain (LBP), sciatica, and
LBP-related disability.
Methods: A total of 1,214 subjects with T2-weighted 3T
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sagittal MRI of L1–S1 were assessed in this cross-sectional
population-based cohort of Southern Chinese volunteers.
Presence, single level, homogeneous (same type HIZs of
morphology and topography) and heterogeneous (mixed
type HIZs of morphology and topography) HIZs, and
other MRI phenotypes were assessed at each level. Associations with the LBP, sciatica and Oswestry disability
index (ODI) were correlated with HIZ profiles.
Results: There were 496 individuals with HIZs (40.9%)
and 718 without HIZs (59.1%). Baseline subject demographics and lifestyle/environmental factors were similar
between groups. Disc degeneration and disc displacement
were more prevalent in individuals with HIZ (p<0.001).
Based on adjusted multivariable regression analyses,
homogeneous or heterogeneous HIZs were significantly
associated with LBP (odds ratio [OR] range, 1.53 to 1.57;
p<0.05). Individuals with homogeneous HIZs had a
higher risk of sciatica (OR, 1.51; p<0.05), whereas other
HIZ variables were not. No significant association was observed between HIZs and disability (p>0.05).
Conclusion: This is the first large-scale study that has
definitively noted that HIZs of the lumbar spine are clinically-relevant imaging biomarkers that are independently
and significantly associated with prolonged/severe LBP
and sciatica. Furthermore, various patterns of HIZs appear to be more related to symptoms. HIZs are important
lumbar phenotypes that should be noted in the global imaging phenotype assessment of the spine, which may have
immense clinical utility.

Single Level Posterior Segment Resection in
Early Stage of Dorsal Spine Tuberculosis
Ramesh Kumar
Central Institute of Orthopaedics, Vardhman Mahavir Medical College,
Safdarjung Hospital, Safdarjung Hospital, Delhi, India

Aims: Kyphosis and neurological deficit are few main
indication of surgical intervention in early stage of tuberculosis of dorsal spine. Various surgical procedures are
documented in literature. Everyone has advantages and
disadvantages. The purpose of this study is to evaluate the
clinical outcome of One-stage decompression, kyphosis
correction, fixation and fusion by single level posterior
segment resection.
Methods: A prospective study at spine unit Central Insti-
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tute of orthopaedics Safdarjung Hospital Delhi was done
in 50 patients of dorsal spinal tuberculosis who had destruction of one or two vertebral body (one body height)
with segmental kyphosis (20–60 degree) with or without
neural deficit. After midline incision, pedicle screws were
put at desired levels. Resection of posterior segment (both
lamina and spinous process) of mostly destroyed body
was done. Bilateral transpedicular decompression, resection of internal gibbus if any, debridment of disease tissue
and removal of pseudomembrane/fibrosis around the
cord if any was done. After putting the rods the compression was applied to correct the kyphosis as well as achieving interbody contact anretiorly. Cord decompression was
confirmed and finally graft was placed posteriorly before
closure. Chemotherapy was supplemented as per standard
protocol. Average followed up was of 30.3 months.
Results: Out of 50 patients, 29 were male and 21were female of different age group. 32 patients were between age
of 10 to 20 years. Mean vertebral body loss was one, mean
blood loss was 300 mL and mean duration of surgery was
2 hours. The preoperative mean segmental kyphotic angle
was 40 degree (range, 20–60 degree) and postoperative
angle was 10 degree (range, 5–20 degree). The long term
average loss of kyphotic angle was 4 degree. Clinically all
had improvement in visual analogue scale and Oswestry disability index scores except three who turned as
Multi Drug Resistant tuberculosis. Interbody fusion was
achieved in all except one case. Posteriorly fusion was appreciated in all except in two cases.
Conclusion: To prevent kyphosis and delayed neural
complication one stage decompression, kyphosis correction and pedicle screw fixation by Single level posterior
segment resection is a very good alternative treatment for
simultaneous decompression and prevention of kyphosis
in early dorsal spinal tuberculosis with destruction of one
body height.

Spinal Sagittal Realignment after Osteotomy
on Old Thoracolumbar Osteoporotic FractureRelated Kyphosis
Kai Cao, Junlong Zhong, Yiwei Chen, Zhimin Pan,
Zhaoxun Zeng
Spine Surgery, Orthopaedics Department of the First Affiliated Hospital
of Nanchang University, Nanchang, China

Aims: Old thoracolumbar osteoporotic fracture-related
kyphosis is likely to develop into severe sagittal malalignment which permanently influences patients HRQoL. Few
study reported the change of global spinal alignment and
improvement of HRQoL after osteotomy in this scenario.
This study is to investigate the effect of osteotomy on
realign the global spine as well as the significant sagittal
parameter associated with the improvement of HRQoL.
Methods: Consecutive old thoracolumbar osteoporotic
fracture-related kyphosis patients underwent osteotomy
with 2-year follow-up were included in this cohort. Magnetic resonance imaging, computed tomography, and upright X-ray of spine were taken pre- and postoperatively.
Spinal sagittal alignment parameters including T2–T12
Cobb angle (TK), T10–L2 Cobb angle (TL), L1–S1 Cobb
angle (LL), T9 tilt, L1 tilt, sacral slope (SS), pelvic tilt (PT),
SVA, pelvic incidence (PI) and sacral spinal angle (SSA)
were measured. Oswestry disability index (ODI), SF-36
PCS and SRS-22 were assessed pre- and postoperatively.
Significant independent parameters associated with
HRQoL were analyzed first by correlation analysis, and
then by stepwise regression analysis.
Results: Total 24 patients (17 female, 7 male) were included with mean age of 66.5±11.4. The mean body mass
index was 24.6±5.15 and T-score was –2.67±0.92. TK,
TL, LL, T9 tilt, L1 tilt, SS, PT, SVA, SSA except PI were
significantly improved after osteotomy (p<0.05). ODI,
SF-36 PCS and SRS-22 were significantly improved from
55.4±14.3, 30.7±10.7, 2.7±1.1 to 30.2±10.5 (p<0.012),
39.6±11.8 (p<0.001), 3.9±0.8 (p<0.003), respectively. Correlation analysis showed that the change of TK, TL, LL,
T9 tilt, L1 tilt, PT, SS, SVA, PI-LL were associated with the
improvement of ODI, SF-36 PCS and SRS-22. Stepwise
regression indicated that the change of TL and PT were
identified as parameters significantly associated with ODI,
the change of TL and SVA were identified as parameters
significantly associated with SF-36 PCS, the change of TL
was identified as parameter significantly associated with
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SRS-22.
Conclusion: Osteotomy can effectively correct the old osteoporotic thoracolumbar fracture-related kyphosis and
realign the global spine. The realignment of TL was the
independent parameter to improve the HRQoL.

Supra-Acetabular Line Is Better than SupraIliac Line for Coronal Balance Referencing?
A Study of Perioperative Whole Spine X-Rays
in Spinal Deformity Patients
Cheung Kue Kim, Ki Tack Kim, HyungSuk Juh
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quently the C7 plumb line. A larger discrepancy between
CSVL and C7 plumb line measurements intraoperatively
than those postoperatively suggests a postural effect on
these parameters, which is greater for CSVL2. Multivariate
analysis identified that in DLS, the preoperative C7 plumb
line was predictive of its postoperative value. CSVL1, but
not CSVL2, was predictive of the postoperative C7 plumb
line in patients with AS.
Conclusion: The supra-acetabular line (CSVL1) is better, though not ideal, as compared to the supra-iliac line
(CSVL2) in determining coronal balance. This warrants
future studies to identify better intraoperative markers for
achieving coronal balance.

Department of Orthopedic Surgery, Kyung Hee University Hospital at
Gangdong, Seoul, Korea

Aims: The aim of spinal deformity correction is to restore
the spine’s functional alignment by balancing it in both
the sagittal and coronal planes. Regardless of posture, the
ideal coronal profile is straight, and therefore readily assessable. This study compares two radiological methods
to determine which better predicts postoperative standing
coronal balance.
Methods: We conducted a single-centre, radiographic
comparative study between 2011 and 2015. A total of 199
patients with a mean age of 55.1 years were studied. Ninety degenerative lumbar scoliosis (DLS) and 109 ankylosing spondylitis (AS) patients were treated with posterior
surgery during this period. Baseline clinical and radiographic parameters (sagittal and coronal) were recorded.
Comparison was performed between the supra-acetabular
line (central sacral vertical line [CSVL] 1) and supra-iliac
line (CSVL2) perpendicular methods of coronal balance
assessment. These methods were also compared with
the gold standard standing C7 plumb line. Each patient
underwent standardized operative procedures and had
perioperative spine X-rays obtained for assessment of
spinal balance. Adjusted multivariate analysis was used to
determine predictors of coronal balance.
Results: Significant differences in baseline characteristics
(age, gender and radiographic parameters) were found between patients with DLS and AS. CSVL1, CSVL2 and C7
plumb line differed in all the perioperative measurements.
These three radiological methods showed a mean right
coronal imbalance for both diagnoses in all pre-, intraand post-op radiographs. The magnitude of imbalance
was the greatest for CSVL2 followed by CSVL1 and subse-

Surgical Strategy in the Treatment of Complex
Spinal Deformities
Shiautzu Tzeng, Ingho Chen
Orthopedics, Taipei Tzuchi Hospital, New Taipei City, Taiwan

Aims: Treatment of complex spinal deformities (severe
rigid deformities, failed deformity surgeries, or congenital
disease) is a big challenge to spine surgeons. Traditional
methods such as combined anterior-posterior correction
with supplement halo traction carry some disadvantages.
Milestones in the surgery of complex spine deformity are
the introduction of spinal osteotomy techniques and the
use of pedicle screw as instruments for spine fusion. Based
on our experiences, we developed a simplified strategy to
help deformity surgeons in choosing correction methods.
The choice of correction strategy was based on the shape
of curvature. For the deformities with long-sweep curve,
staged posterior correction (SPC) was the treatment of
choice. If the curvature is sharp-angular, then posterior
vertebral column resection (PVCR) will be performed.
Methods: From 2007 October to 2016 December, 26
patients meet the criteria of complex spinal deformity
were reviewed. They were divided into three groups: the
traditional (A+P) group (7 patients), the staged posterior
correction (SPC) group (9 patients), and the posterior
vertebral column resection (PVCR) group (10 patients).
The correction rate, blood loss, surgical time, hospital stay
were measured.
Results: The overall correction rate of A+P, SPC and
PVCR group is 50%, 66%, and 50%, respectively. The
overall blood loss of A+P, SPC and PVCR group is 2997,
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2469, and 2464 mL, respectively. The overall surgical time
of A+P, SPC and PVCR group is 1104, 941, and 895 minutes, respectively. The overall hospital stay of A+P, SPC
and PVCR group is 25, 21.4, and 17.6 days, respectively.
Conclusion: The correction rates of the two new methods
are comparable with traditional methods. The most appropriate methods for deformity correction should be
chosen and the potential complications should be considered. This is a simple strategy to help deformity surgeons
in making the decision of their treatment plan.

The Accuracy and Safety of Subaxial Cervical
Pedicle Screw Insertion Using Vertebral
Lateral Notch-Referred Technique
Kai Cao, Chunyang Wu, Zhiyun Li, Qingxiu Leng,
Zhimin Pan, Jiaquan Luo, Zhaoxun Zeng
Spine Surgery, Department of the Orthopaedics First Affiliated Hospital
of Nanchang University, Nanchang, Jiangxi, China

Aims: Biomechanical studies revealed that pedicle screw
instrumentation has superior stabilizing effect than other
internal fixations in the reconstruction of subaxial cervical spine, particularly, in the surgery of cervical tumor
resection, deformity correction and severe fracture and
dislocation. However, high neurovascular risk precludes
surgeons to conduct the pedicle screw manipulation in
cervical spine. We here advocate a novel, easy-mastering
and practical technique (as called notch-referred technique) for subaxial cervical PS insertion. In this study,
the accuracy and safety of lateral vertebral notch-referred
technique for subaxial cervical pedicle screw (PS) were
evaluated clinically.
Methods: Eighty-six consecutive patients with cervical
disorders underwent cervical PS instrumentation in two
spine teams in a single spine center. Preoperative X-ray,
computed tomography (CT), and magnetic resonance
imaging of cervical spine were taken for surgery plan. The
pedicle screw position was confirmed by postoperative
CT scans. The perforation rate was analyzed and the position of pedicle screw was classified into four grades from
excellent position to poor position to assess the accuracy
of this technique: Grade 0=screw centered in pedicle (excellent); Grade I=perforation of pedicle wall less than onefourth of the screw diameter (good); Grade II=perforation
more than one-fourth of the screw diameter but less than

one-second (fair); Grade III=perforation more than onesecond outside of the screw diameter (poor). Neurovascular complication related with PS insertion was recorded
to assess the safety of this technique. The accuracy of PS
insertion between two surgeons was analyzed to confirm
the manipulative consistency.
Results: A total of 504 pedicle screws were inserted in
subaxial cervical spine. Postoperative CT scan indicated
the excellent and good position of PS by using notchreferred technique was as high as 90.9% (458/504) (Grade
0+Grade I), the poor PS position was only 4.9% (25/504)
(Grade III). There was no vertebral artery injury or spinal
cord injury related with cervical PS misplacement in this
cohort except one slight nerve root compression. The patient relieved from the radiculopathy in the course of follow-up without screw removal. No revisional surgery was
conducted due to the misplacements of pedicle screws.
The PS manipulation consistency between two surgeons
was not significantly different.
Conclusion: The lateral vertebral notch is the reliable and
consistent anatomic landmark. The accuracy and safety of
subaxial cervical pedicle screw insertion by using notchreferred technique are high and satisfactory. Notch-referred subaxial cervical PS insertion is an easy-mastering,
practical technique.

The Cervical Spine Realignment after Kyphosis
Correction of the Old Atlantoaxial Anterior
Dislocation
Kai Cao, Zhimin Pan, Junlong Zhong, Yiwen Chen,
Zhiyun Li
Spine Surgery, Department of the Orthopaedics First Affiliated Hospital
of Nanchang University, Nanchang, China

Aims: Old atlantoaxial anterior dislocation not only brings
about myelopathy, but dislocation-related kyphosis also
results in cervical malalignment which permanently influences patients neck function and HRQoL. Few study
reported the association of realignment of cervical spine
and improvement of HRQoL after kyphosis correction
in this scenario. This study is to investigate the effect of
kyphosis correction on realign the cervical spine as well
as the significant independent factors associated with the
improvement of HRQoL.
Methods: Consecutive old atlantoaxial anterior disloca-
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tion-related kyphosis patients underwent C1–2 reduction
and fusion were included in this cohort. Magnetic resonance imaging, computed tomography, and upright X-ray
of spine were taken pre- and postoperatively. Cervical
alignment parameters including C0–1, C1–2, C0–2, C2–7
Cobb angle, C1–7 sagittal vertical axis (SVA), C2–7 SVA,
center of gravity to C7 SVA (CG-C7 SVA), Thoracic inlet
angle (TIA), Neck Tilt (NT), Cervical Tilt, Cranial Tilt
and T1 Slope (T1S) were measured. JOA, NDI and SF-12
PCS were assessed preoperatively and follow-up. Significant independent parameters associated with HRQoL
were analyzed by stepwise regression analysis. All patients
were followed up at least 2 years.
Results: Total 21 patients (9 female, 12male, age of
48.1±6.3, body mass index of 23.3±2.9) were included
in this cohort. C1–2 Cobb angle, C2-7 Cobb angle, TIA,
Cervical Tilt, T1S were significantly improved from
–3.97°±16.2°, –29.16°±11.2°, 73.09°±13.3°, 30.37°±8.5°,
29.15°±8.8° preoperatively to –13.51±8.1° (p=0.04),
–17.99°±12.0° (p=0.02), 67.06°±11.6° (p=0.004),
23.08°±10.3° (p=0.04), 23.95°±6.9° (p=0.003) followup. JOA, NDI, and SF-12 PCS were significantly improved from 8.07±2.5, 42.46±4.8, 31.31±5.1 to 14.23±2.1
(p<0.001), 8.23±2.9 (p<0.001), 45.92±1.9 (p<0.001),
respectively. Multiple linear regression indicated that the
C1–2 Cobb angle was identified as independent parameter
significantly associated with JOA, NDI, and SF-12 PCS.
Conclusion: Reduction and fusion surgery can effectively
correct the old atlantoaxial anterior dislocation-related
kyphosis and realign the cervical spine. The restore of
C1–2 Cobb angle was the independent parameter to improve the HRQoL.

The Critical Role of Subfascial Suction Drainage in Preventing Postoperative Spinal
Epidural Hematoma Following Minimally
Invasive Spine Surgery
Jwo Luen Pao
Orthopedic Department, Far-Eastern Memorial Hospital, New Taipei,
Taiwan

Aims: To report the incidence, clinical presentation, management, and treatment outcomes of postoperative epidural hematoma in a large case-series of minimally invasive
spine surgery and to emphasize the role of subfascial suc-
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tion drainage.
Methods: We retrospectively reviewed the treatment
course of 1981 consecutive minimally invasive lumbar
spine procedures performed by the author in our hospital
from Jan 2006 to Jan 2017. The procedures included 507
microendoscopic discectomy (MED), 596 microendoscopic laminotomy (MEL), 597 mini-open transforaminal
lumbar interbody fusion (mini-TLIF), 58 chimney laminoplasty, 12 percutaneous endoscopic lumbar discectomy,
and miscellaneous procedures involving decompression
of the spinal canal. A 1/8-inch caliber subfascial suction
drain was placed following every procedure. Repeated
magnetic resonance imaging (MRI) was arranged if
the patient complained of newly developed neurological symptoms such as worsening sensory deficit, motor
weakness of lower legs, or cauda equina syndrome. Immediate revision surgery to evacuate the hematoma was
performed if there is significant mass effect or progression
of neurological deficits.
Results: Symptomatic spinal epidural hematoma (SEH)
was noted in 11 patients with the incidence rate of 0.56%.
Among the 11 patients, 1 had MED, 6 had MEL, 3 had
mini-TLIF, and 1 had chimney laminoplasty. Malfunction
of the suction drainage was noted in 9 patients. That is, no
drainage amount was recorded at all. The other 2 patients
experienced no neurological deficits until removal of the
drainage tubes. After SEH was confirmed by repeated
MRI: 2 patients with only sensory deficits were treated
conservatively with gradually recovery. 8 patients with
motor deficits and 1 patient with cauda equina syndrome
received prompt revisions and setup of a new subfascial
suction drainage. All the revision surgeries were the same
as the original ones. 6 of 9 patients who received revisions
had prompt recovery. The remaining 3 patients had residual motor or sensory deficits at the final follow-up. The
one that had cauda equina syndrome recovered his bladder function after 10 months.
Conclusion: The incidence of symptomatic SEH following
lumbar MISS that requires revision surgery is very rare.
Malfunction of the suction drainage may be a hint. Once
suspected, repeated MRI to prove it and revision surgery
to evacuate the hematoma must be done promptly to reverse the possible devastating sequel. Without the suction
drainage, the cost was saved and the patient suffered less
from its local irritation. However, considering the potential
complications of SEH, we still recommend to use subfascial suction drainage in every case following lumbar MISS.
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The Dual Sacral-Alar-Iliac Screws as a Salvage
Technique for Pelvic Fixation Following Transforaminal Interbody Fusion

The Effect of Clunking on Spine Lengthening
with Magnetically Controlled Growing Rod
Distractions

Keiji Nagata, Gabriel Liu Ka Po, Hee Kit Wong,
Kumar Naresh

Jason Pui Yin Cheung, Karen Yiu, Dino Samartzis,
James Tan, Kenny Kwan, Kenneth Man Chee Cheung

Orthopedic Surgery, National University Hospital of Singapore,
Singapore

Orthopaedics and Traumatology, The University of Hong Kong, Hong
Kong

Aims: In most cases sacral alar iliac screws are used as an
adjuvant technique to provide an additional anchor to a
long thoracolumbar construct and also in some rare cases
involving sacral fractures. We report a valuable revision
case after a fracture through subpedicular are of S1 causing lumbar kyphosis which was revised using dual sacralalar-iliac screw.
Methods: Sixty one years old female who experienced inferior to S1 pedicle fracture after trasnforaminal interbody
fusion (TLIF) at L4 and S1.
Results: Her initial presentation was low back pain and
with radiation to bilateral buttocks and posterior thighs
on sitting up. She had stooped posture while walking and
claudication distance was 30 m. No obvious neurological deficit was seen in this patient. Radiograph showed
spondylolisthesis at L5/S1.Visual Analogue Scale was 7
at the time of TLIF. Reduction of spondylolisthesis, bilateral L4/5 decompression and L4/L5 TLIF was done. Five
months after TLIF, S1infrapedicular fracture occurred.
She was treated conservatively with teriparatide and the
fracture healed. However, she stooped again and low back
pain had been bothering her. Sagittal vertical axis of C7
was 107 mm. She underwent revision surgery 9 months
after TLIF. Posterior instrumentation from L4 to Sacral
was done. The dual sacral-alar-iliac screw was used as the
anchor of distal end. Estimate blood loss was 800 mL.
Conclusion: Although sacral-alar-iliac screws have previously been reported as an interesting alternative to classic iliac wing screws, this report is the first on the use of
dual sacral-alar-iliac screws for pelvic fixation as a salvage
technique for lumbosacropelvic deformity. Based on our
experience, this technique may provide a biomechanically
robust reconstruction for definitive pelvic fixation during
salvage surgeries in the challenging scenarios of pseudarthrosis or instability of the lumbosacropelvic region.

Aims: Ability to achieve successful magnetic controlled
growing rod (MCGR) distraction is vital for gradual spine
lengthening. Clunking has been described as a failure of
magnet rotation leading to inability to distract the rod.
However, its onset, risk factors and significance are currently unknown. Hence, the aims of this study are to
identify the risk factors of early onset clunking and increased clunking frequency, and to determine its effect on
achieved length gain.
Methods: 22 patients with MCGR implantation with at
least 6 distraction episodes were prospectively studied.
Parameters including maturity status, age of implantation,
total number of distractions, months of distraction from
initial implantation, initial and postoperative Cobb angle,
T1–T12, T1–S1, T5–T12 kyphosis, fulcrum flexibility, fusion block length, and distance between magnets in dual
rods and between the magnets and apex of the curve were
studied as risk factors for onset and number of clunks per
distraction by regression analysis. Differences between
expected and achieved distraction lengths were assessed
with regards to clunking episodes.
Results: The 22 patients included in this study had a mean
age of 10.2 years at initial rod implantation, mean followup of 49.8 months and mean 32.4 distractions. The mean
onset of clunking was the 5th distraction for the right
rod and 9th distraction for the left rod. The total number
of clunking episodes were 456 and 492 for right and left
rods, respectively. Although regression analysis did not
yield significant risk factors, those who clunked early (<6
distraction episodes) were idiopathic and older (mean 12
years old at initial rod implantation). Expected distraction
lengths did not translate to achieved distraction lengths
and this deviation increased with clunking.
Conclusion: This is the first prospective study to specifically analysis the impact of clunking on distraction
lengths and the risk factors associated with its onset and
frequency. Clunking is an important factor determining
continuous spine lengthening. Larger sample sizes are

Asian Spine Journal
necessary to identify significant risk factors.

The First Collaborative Asia-Pacific Spine
Society Study: Variations in Practice for Cervical
Myelopathy
Jason Pui Yin Cheung, Prudence Wing Hang Cheung,
Chee Kidd Chiu, Chris Yin Wei Chan,
Mun Keong Kwan
Orthopaedics and Traumatology, The University of Hong Kong, Hong
Kong

Aims: There are still many debates regarding management
options with cervical myelopathy (CM) such as anterior
versus posterior approaches, cage versus grafting, use
of postoperative immobilization, and prophylactic decompression for radiographic stenosis. As such, the first
research initiative from the Asia-Pacific Spine Society
(APSS) is to study the different practices of surgeons in
the Asia-Pacific region regarding CM.
Methods: An online survey was conducted by the APSS
research initiative. Surgeons who were members of APSS
were surveyed based on their country of origin, approaches to manage CM. This included symptomatology to diagnose CM, investigations and outcome measures used,
surgical approach utilized, take on prophylactic surgery,
and postoperative immobilization. Descriptive statistics
were calculated and Chi-square test of independence was
used for assessing any associations between parameters.
Results: A total of 83 surgeons from 16 countries participated in the survey. Of these, 28.2% practiced spine
surgery for ≤5 years and 14.1% for >30 years. Gait disturbance (60.5% of the surgeons) was the most important
symptom for diagnosis of CM, followed by dyskinetic
hand movement (46.1%), hyperreflexia (44.7%) and
sphincter dysfunction (35.1%). Magnetic resonance imaging scan was the most commonly used investigation. In
terms of surgical approach, 77.9% of surgeons adopt both
anterior and posterior surgery. Only 5.2% would operate on asymptomatic spinal stenosis, and 18.2% on silent
spinal stenosis. For those who did not operate on these,
57.1% would advise on avoidance behavior with up to 9.5%
who would advise the use of a neck collar. For cervical
spondylotic myelopathy, anterior discectomy and fusion
with cage was the most common (93.4%) approach for
both 1-level and 2-level diseases while laminoplasty was
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most popular for 3- and 4-level diseases. Significant correlation was found for these relationships. For ossification of
the posterior longitudinal ligament, anterior removal was
most commonly performed (43.5%) for 1-level disease
while laminoplasty was most commonly used for 2-levels
or beyond. In general, cage or plating was preferred for
anterior fusions regardless of number of levels while lateral mass fixation was preferred for posterior approaches.
In general, most utilized rigid neck collar for 6 weeks for
postoperative immobilization.
Conclusion: There are variations in practice among APSS
surgeons especially with regards to approaches in managing 1-level CM. However, most preoperative assessments
are similar. This was the first study initiated and executed
by APSS. This work will serve as a beacon for future collaborative projects within the society moving forwards.

The Frequency of Growth Rod Distraction
Aakash Agarwal, Ardalan Seyed Vosoughi,
Arvid Jayaswal, Vijay K Goel, Anand K Agarwal
Bioengineering, University of Toledo, Toledo, OH, USA

Aims: Advent of growth-friendly surgical management
of early scoliosis aims to avoid, delay, or limit spinal fusion. Recently, magnetically controlled growth rods have
emerged in the market that mitigates the morbidity by
allowing noninvasive lengthening. However, with both
traditional and recent technologies, growth rod fractures
still occur in 15% of patients. The objective of the current
study is to perform a parametric analysis using a juvenile
scoliotic spine model (a single mid-thoracic curve with
the apex at the eighth thoracic vertebra) to establish the
relationship between curve flexibility (curve correction
under gravity) and the distraction interval that allows a
higher factor of safety for the rods.
Methods: An FE model of instrumented scoliotic T1–
S1 spine integrated with growth modulation was used
for this study. The simulation was performed by varying
the stiffness of the spine and applying distraction up to a
maximum stress of 255 MPa. Thereafter, optimal distraction force was applied to each model with different stiffness values: 8.2 N/mm, 12.5 N/mm, 13.8 N/mm, 14.7 N/
mm, 16.2 N/mm, 18.2 N/mm, 20.2 N/mm, 21.9 N/mm,
23.1 N/mm, and 25.5 N/mm. Data recorded during the
simulation included the percentage of Cobb’s angle cor-
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rection by gravity (representing unconstrained traction),
axial stiffness, and the distraction interval required to
achieve stresses limited to 255 MPa.
Results: As expected, the correction under gravity is
higher for a flexible curve and lower for a rigid curve. The
distraction interval required to limit the stresses to the
selected nominal value reduces with increase in stiffness
of the spine. It can be seen that the distraction interval
reduces for each model as the spine becomes stiffer with
time (autofusion). Hence, an optimal distraction frequency is a time-dependent variable. The model with 0.2%
Cobb’s angle correction always resulted in stresses higher
than 255 MPa, for distraction required for growth sustenance. This means that, with current technology, there is
a very high risk of growth rod fracture in these patients.
They might be candidates for long rod fusion if there is
no risk of pulmonary insufficient syndrome involved. In
other words, a patient with such high stiffness would require a technology that can sense the stress and lengthen
automatically (real-time lengthening).
Conclusion: We developed and simulated a representative
scoliotic model varying in material properties (to account
for stiffness variation among scoliotic patients) to establish
a relationship between axial stiffness of the spine, percentage correction in Cobb’s angle due to gravity, and required
distraction interval, for a factor of safety equal to two. The
study results show that by measuring the percentage correction before the surgery, a specific distraction interval
could be chosen based on the required factor of safety for
the growth rods. We do recommend higher frequencies
of distraction whenever possible with the optimal distraction force as an ideal choice to reduce von Mises stresses
on the rods, but properly understanding assumptions is a
prerequisite before using these numbers for the patients.

The Outcome and Feasibility of an Accelerated
Recovery Protocol among Asian Adolescent
Idiopathic Scoliosis Patients
Chris Yin Wei Chan, Shwen Fern Loo, Jun Yin Ong,
Kulathunga Arachchige Lisitha, Mohd Shahnaz Hasan,
Chee Kidd Chiu, Siti Mariam Mohamad,
Mun Keong Kwan
Department of Orthopedic Surgery, University of Malaya, Kuala
Lumpur, Malaysia

Aims: An accelerated recovery protocol for adolescent
idiopathic scoliosis (AIS) patients undergoing posterior
spinal fusion (PSF). has been successfully implemented
in the Western population. No similar studies have been
reported in Asians.This study was done to determine the
feasibility of an accelerated recovery protocol for Asian
AIS patients undergoing PSF.
Methods: Seventy four AIS (65 female, 9 male) patients
scheduled for PSF surgery were recruited. The accelerated
protocol encompasses preoperative regime, preoperative
day of surgery counselling, intraoperative strategies and
an accelerated postoperative rehabilitation and pain management regime. Outcome measures included pain scores
at 5 time intervals, length of stay and detailed recovery
milestones. Any complications or readmissions during the
first 4 months postoperative period were recorded.
Results: Mean operative time was 2.2±0.3 hours with a
mean blood loss of 824.3±418.2 mL. No patients received
allogenic blood transfusion. The mean length of stay was
3.6±0.6 days. Surgical wound pain score was 6.4±2.1 at 12
hours which reduced to 5.0±2.0 at 60 hours. Abdominal
pain peaked at 36 hours with pain scores 2.4±2.9. First liquid intake was at 5.2±7.5 hours, urinary catheter removal
at 18.7±4.8 hours, sitting up at 20.6±9.1 hours, ambulation
at 27.2±0.5 hours, consumption of solid food at 32.2±0.5
hours, first flatus at 39.0±0.7 and first bowel movement at
122.1±2.0 hours. The complication rate was 1.4% due to
superficial wound infection. One patient failed to comply
with the accelerated protocol. There were no readmissions
during the study period.
Conclusion: An accelerated recovery protocol following
PSF for AIS is feasible without increasing complications
or readmission rates. The total length of stay was 3.6 days
and this was comparable to the outcome in Western populations.
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The Radiological Predictive Factor for Cervical
Myelopathy in a Population-Based Study: The
Wakayama Spine
Keiji Nagata, Hiroshi Hashizume, Yuyu Ishimoto,
Akihoto Minamide, Hiroshi Yamada, Shigeyuki Muraki,
Noriko Yoshimura, Munehito Yoshida
Nagata, Orthopedic Surgery, National University Hospital of Singapore,
Singapore

Aims: Little is known about epidemiologic data of predictors for cervical myelopathy (CM) based on radiological
assessment. The purpose of this study was to investigate
the predictive factor of CM on plain radiographs.
Methods: Data were obtained from the base-line survey
of Wakayama Spine Study that was performed from 2008
to 2010 in a western part of Japan. Finally, a total of 1011
subjects (336 men and 675 women; mean age, 66.4 years)
were included. Myelopathy was defined clinically by the
presence of myelopathic signs, usually accompanied by
bilateral sensory deficits or sensory level and bowel/bladder symptoms. Of subjects who had myelopathic signs,
cervical cord compression was the essential condition
for diagnosing CM. For assessing radiological factor, a
sagittal view radiograph was obtained. The radiological
factor were: diameter of cervical spinal canal, cervical
lordosis (C2–7 angle), Kellgren-Lawrence classification
(osteoartiritis grade), slippage of vertebral body (≥2 mm).
The assessed values of radiological factors were compared
between participants with and without CM. In addition,
a logistic regression analysis was performed to determine
the association of the radiological factor with CM.
Results: Twenty-six participants (mean age, 71.2 years;
prevalence rate, 2.8%) were diagnosed CM. Among the
radiological factors, significantly differences between
participants with and without CM were found in the
diameter of cervical spinal canal (p<0.001) and the posterior slippage of vertebral body (p<0.001). Furthermore,
multivariate analysis revealed that the diameter of cervical
spinal canal (–1 mm; odds ratio [OR], 1.45; 95% confidence interval [CI], 1.19–1.82; p<0.001) and the posterior
slippage (vs. nil, OR, 5.26; 95% CI, 2.12–12.4; p<0.001)
were significant predictive factors of CM.
Conclusion: In this study, we first clarified the predictive
factor of CM in a population-based study. The posterior
slippage with narrow spinal canal could induce the impingement of spinal cord and result in CM.
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Traditional Growing Rod and Magnetically
Controlled Growing Rod Treatment of
Early Onset Scoliosis: Cost-Analysis from
Implantation Till Maturity
Jason Pui Yin Cheung, Prudence Wing Hang Cheung,
Cindy Lo Kuen Lam, Kenneth Man Chee Cheung,
Carlos King Ho
Orthopaedics and Traumatology, The University of Hong Kong, Hong
Kong

Aims: Magnetically controlled growing rods (MCGR) for
treatment of early onset scoliosis (EOS) is gaining popularity. However due to implant costs and lack of long-term
data in the literature, the overall cost of managing a patient with MCGR until maturity, which may be an 8-year
period, is unknown. Thus, the aim of study is to analyze
the yearly cost per patient while using the MCGR compared with traditional growing rods (TGRs) to identify
whether MCGR is cost-saving with reference to patient
and healthcare infrastructure burden.
Methods: For a hypothetical case of a 5-year girl with a
diagnosis of EOS, a decision-tree model using TreeAge
Software was developed to simulate annual health state
transitions and compare the 8-year accumulative direct
medical cost among the four groups: dual MCGRs with
distraction surgery every 2 years, dual MCGRs with distraction surgery every 3 years, TGR with surgical distraction every year, and TGR with surgical distraction every
6 months. Base-case values and ranges of clinical parameters reflecting complication rate after each type of surgical
distraction were determined from a review of literature
and expert opinion. Government gazette and expert opinion provided cost estimation of growing rods, surgeries,
surgical complications, routine follow-up. Microsimulation following 1,000 individuals was conducted to test the
variation in total costs (in 2016 HK dollars) between individuals, and estimate the 95% confidence interval of total
costs for each group.
Results: Over the projected treatment period, indirect
costs incurred by patients and family were higher for the
MCGR as compared to the TGR. However, the total costs
incurred by MCGR groups (group 1: HKD164k; group 2:
HKD138k) were lower than those incurred by TGR groups
(group 3: HKD191k; group 4: HKD290k). Although the
accumulative costs of three groups (TGR distraction every
year, MCGR every 2 and 3 years) were approaching each
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other in the first 2 years after initial implantation, at year
3 the accumulative cost of MCGR exchange every 2 years
was HKD36k more than the yearly TGR surgery due to
the cost of implant exchange. The cost incurred by both
the MCGR groups was less than that incurred by the TGR
groups from year 4 to skeletal maturity.
Conclusion: The use of dual MCGRs, regardless of its 2- or
3-year exchange, was only cost saving and less expensive
than the dual TGRs for EOS treatment from the fourth
year of continuous treatment. Despite higher patientrelated costs during MCGR treatment, it is important to
consider the reduced risks and mental burden suffered
by these children during repeat surgeries. With improved
knowledge of the costs associated with long-term MCGR
use, better constructed cost-effectiveness studies can be
performed in the future.

Treatment of Methicillin-resistant Staphylococcus aureus Induced Biofilm Formed on
Metal Implants by Bacteriophage Cocktail
Therapy: An Experimental Study on Rabbits
Aditya Malik, Pooja Gupta, Shyam Kumar Saraf,
Gopal Nath
Department of Orthopaedic Surgery, Institute of Medical Sciences,
Benaras Hindu University, New Delhi, India

Aims: Biofilms are aggregates of microorganisms embedded within the self-produced matrix of extracellular substances. Biofilms are of serious concern especially related
to artificial devices. The bacteria in biofilm state become
10 to 100 times more resistant to antibiotics due to poor
penetration. Orthopedic implants related infections are
often associated with biofilm formation and mostly due to
Staphylococcus aureus. Bacteriophages are known to penetrate the biofilm and are able to lyse the bacteria which
are multidrug resistant. In our study we decided to look
into the effect of bacteriophage therapy in vivo (on rabbit
model) on biofilms formed on stainless steel K-wires by
methicillin-resistant Staphylococcus aureu s (MRSA).
Methods: MRSA biofilm containing K-wire were implanted at the proximal end of ulna of both the limbs of 12 (24
limbs) rabbits. While 6 (12 limbs) rabbits of experimental
group were given local injection of cocktail of 3 different bacteriophages, the 6 rabbits (12 limbs) belonging to
control group did not receive any kind of therapy. Rabbits

of both groups were monitored for up to 8 weeks. One Kwire was removed from each limb sequentially at weekly
interval and evaluated on the basis of clinical, radiological, microbiological, histopathological examination.
Results: Control group usually showed either death or
continuation of infection with the presence of biofilm, &
extracted K-wires showed the presence of biofilm as evidenced by positive cultures in vitro (with the exception of
2 wires out of 12). However, experimental group showed
cure of the infection clinically, as well as the extracted Kwires were found to be sterile on cultures (also with the
exception of 2 wires out of 12).
Conclusion: The exeptions found in the experiment can be
attributed to the fact that a single arbitrary dose of bacteriophage cocktail was taken in the experiment, hence two
limbs out of 12 healed in the control group (possibly due
to a more robust immune response), and two limbs did
not heal despite the cocktail therapy. The findings suggest definite role of bacteriophage therapy in treatment of
biofilm formed on metal implants by MRSA, and further
studies are needed to explore this option as possible treatment of implant associated infections.

Treatment of Multilevel Cervical Stenosis by
Multilevel Anterior Cervical Disectomy and
Fusion
Chi Chien Niu, Meng Ling Lu, Po Liang Lai,
Tsung Ting Tsai, Wen Jer Chen
Orthopedic, Chang-Gung Memorial Hospital, Kweishan, Taiwan

Aims: The gold-standard surgical treatment for the single
level cervical stenosis is the anterior cervical discectomy
and interbody fusion (ACDF). For the multi-level cervical spine stenosis, what is the better surgical technique,
ACDF, anterior cervical corpectomy and fusion (ACCF),
posterior laminectomy and instrumentation, or posterior
laminoplasty, is still a debate.
Methods: From 2006 to 2015, 49 cases of cervical spondylosis with multi-level (three or more than three levels) cervical stenosis treated by the multi-level ACDF and plating
with complete follow-up records in our department were
enrolled. The stenotic pathology located behind the vertebral body and ossification of the posterior longitudinal
ligament are excluded for this surgical method. Hard cervical orthosis is used for six weeks after surgery routinely.
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Results: The patients’ age was ranged from 40 to 81 year
old. The operating time was 305 minutes in average. The
bleeding amount was 55 mL. The fusion rate is 98.0%. The
improvement of JOA score was 56.9%. There were three
(6.1%) of screw loosening, one (2.0%) nonunion, three
(6.1%) of neurological deterioration and revision surgery
necessary. For these three patients receiving the revision
surgery, one had congenital stenosis and the canal stenosis
aggravated by the hyperextension created from the multiACDF, another one had epidural hematoma after compressive fracture of fixed vertebra, the other was caused
by lateral recess restenosis from the cage subsidence. All
these three patients received the posterior laminectomy
or laminotomy for the revision and had good recovery in
final.
Conclusion: The multilevel ACDF and plate has the advantages of rare graft or implant complications and high
fusion rate, even suitable for the elderly with severe osteoporosis; directly decompressing the pathology around
disc; and extraordinary clinical result with rare axial neck
pain. The disadvantages are long operating time and patients with congenital stenosis who need beware of the
deteriorating possibility after surgery.

Ultrasound-Guided Caudal Epidural Steroid
Injection: A Prospective Study of its Effectiveness
for Treatment of Radicular Pain in Lumbar Disc
Herniation, Lumbar Spinal Stenosis and Post
Lumbar Surgery
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tions. Repeated analysis of variance (ANOVA) was performed on the statistically significant difference between
pre-injection and post-injection scores.
Results: Post-injection VAS leg pain significantly decreased with continued treatment effects 2, 6 and 12 weeks
after the last injection in both lumbar disc herniation
group (repeated ANOVA, p-value <0.0001 at 2, 6 and 12
weeks) and lumbar spinal stenosis group (p-value<0.001
at 2 weeks, <0.001 at 6 weeks, <0.01 at 12 weeks). ODI significantly improved 2, 6 and 12 weeks after the procedures
in both lumbar disc herniation group (p-value<0.001 at 2,
6, and 12 weeks) and lumbar spinal stenosis group (p-value
<0.001 at 2 weeks, <0.001 at 6 weeks, p-value=0.006 at
12 weeks). The statistically significant differences of VAS
back pain, VAS leg pain and ODI were not observed in
post lumbar surgery group (p-value>0.05) and all of them
requested for revision lumbar surgery. VAS back pain
showed no significant improvement in all three diagnostic
groups (p-value>0.05 at all follow-up periods).
Conclusion: Ultrasound-guided caudal epidural steroid injection appears to be an effective alternative treatment for
treatment of radicular pain from lumbar disc herniation
and lumbar spinal stenosis. Furthermore, using ultrasound
guidance, this can increase accuracy of needle placement
and avoid adverse effects from radiation exposure.

Unilateral Laminotomy and Bilateral Decompression Compared to Conventional Laminectomy: A Randomized Prospective Study

Torphong Bunmaprasert, Narote Treenarong,
Stratwadee Lorsomradee, Nantawit Sugandhavesa

Nagendra Palukuri, Mukesh Haritwal, Kalra K. L.,
Shankar Acharya, Chahal R. S.

Orthopaedics, Chiang Mai University, Chiang Mai, Thailand

Spine Surgery, Sir Gangaram Hosptal, Delhi, India

Aims: Aim is to evaluate the short-term effects of ultrasound-guided caudal epidural steroid injection prospectively to determine whether this injection technique is
able to reduce lumbar radicular pain and improve quality
of life.
Methods: Eighty-five patients that enrolled in the study
during September 2014–May 2015 were divided into 3
groups; lumbar disc herniation, lumbar spinal stenosis
and post lumbar surgery. Pre- and Post-injection questionnaires included visual analogue scale (VAS) back
pain, VAS leg pain and Oswestry disability index (ODI).
Patients were followed-up at 2, 6, and 12 weeks after injec-

Aims: Lumbar spinal canal stenosis (LSCS) is a very common condition in elderly population, presenting with
claudication or leg pain. Patients with severe claudication
symptoms, not responding to conservative management,
those who develop cauda-equina symptoms need surgical decompression. Conventional laminectomy involves
extensive damage to paraspinal muscles & mid-line structures. This procedure is associated with high blood loss,
longer hospital stay & high incidence of back pain on
long term follow up. Unilateral laminotomy and bilateral
decompression (ULBD) technique for decompression involves less damage to muscles and no damage to posterior
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midline structures
Methods: A prospective randomized study was done in
patients with degenerative LSCS who needed surgical
decompression in a tertiary care center. Patients were
randomly allocated to two groups. Group A underwent
ULBD, and Group B underwent conventional laminectomy. Demographic parameters were recorded. Preoperative
Oswestry disability index (ODI) and Neurogenic claudication outcome score (NCOS) were noted. Duration of surgery, intraoperative blood loss, incidence of dural tear was
also recorded. Postoperatively, day of mobilization and
day of discharge were noted. Patients are followed up at
2 weeks, 8 weeks, 6 months, 1 year and yearly there after.
ODI and NCOS scores were recorded at 6 months, 1 year
and yearly thereafter. Radiographic follow up was done at
1 year and yearly after that, to detect any instability.
Results: Group A consisted of 34 patients, while group B of
38 patients. Minimum follow up period was 12 months. All
patients in group A were mobilized the same day and were
discharged the day after. Duration of surgery was longer
in group A. Both groups showed significant improvement
in NCOS score (p<0.01). Group A showed significant improvement in ODI compared to group B. All group A patients were able to perform their daily activities, while only
76% in group B. Complication rates were similar in both
the groups. 5 patients in group B needed posterior fixation.
Conclusion: ULBD is an equally effective technique for decompression of LSCS. But, this technique has the advantage of early mobilization & discharge, minimal incidence
of back pain at long term follow up.

Unstable Hangman’s Fracture? Clinico Radiological Evaluation of Surgical Results with
Anterior Discectomy, Fusion and Plating
Mahendra Singh, Vishal Kundnani, Tarun Dusad,
Gaurav Mehta, Ankit Patel
Department of Minimal Invasive Spine Surgery, Bombay Hospital,
Mumbai, India

Aims: To evaluate the results of anterior cervical C2–3
discectomy with fusion in management of Unstable traumatic Hangman’s fracture.
Methods: Eight patients with Unstable (Type II) traumatic spondylolisthesis of C2–C3, operated at single
institute. Only Unstable fractures were subjected to

surgery. All eight patients injured due to road traffic accident, primarily treatment with Hard cervical collar for
a period of mean 2 weeks (range, 1–4 weeks). None of
the patients had neurological involvement. One patient
had left mandible fractu Evaluation with CT scan and
MR angiography was done preoperatively and fractures
classified according to Levine Edwards classification.
All patients underwent preoperative traction for 5 days
with 5 kg. Anterior high cervical retropharyngeal approach utilized and complete microscope assisted discectomy was done. Illiac crest tricortical AutoGraft utilized
in four and PEEK cage with autograft in four cases for
reconstruction. All patients had a narrow profile plate
inserted spanning C2 over C3 vertebrae. None of the patients underwent any additional posterior surgery. Intraoperative, postoperative incidents/complications were
documented. visual analogue scale (VAS) and Oswestry
disability index (ODI) scores were documented at final
follow up and computed tomography (CT) scan evaluation done at 6 months follow up to evaluate fusion.
Results: Eight Patients (male:female 6:2; average age, 29
years) with Hangman fracture (Type 2) underwent anterior surgery and followed up for 2 years (average follow
up, 18 months). All surgeries were uneventful without any
intraoperative or postoperative complication. Dysphagia
was common in all patients and persisted for 3–5 weeks
before complete resolution. Mean hospitalization was
11 days. Satisfactory consolidation with adequate fusion
noted in by 4 month postop. VAS and ODI scores showed
significant improvement in all eight patients.
Conclusion: Anterior Cervical Discectomy and fusion is
a satisfactory approach to manage type 2 unstable Hangmans fracture with 100% fusion rates and successful outcome with acceptable approach related complications.

Use of Cervical Sagittal Dyamic Magnetic
Resonance Imaging in Decision Making
Regarding the Management of Cervical
Spondylotic Myelopathy
Venkata Ramakrishna Tukkapuram, Satish Rudrappa,
Sibhi Ganapathi,
Nikunj Godhani, Srikanth Narayanaswamy
Neurosurgery, Sakra World Hospital, Banglore, Karnataka, India

Aims: Cervical compressive myelopathy remains a com-
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mon entity in the practice of spine surgery. Though magnetic resonance imaging (MRI) is the diagnostic modality
for CM, there are a subset ofpatients whose clinical features are suggestive of multilevel compression caused by
dynamic factors. These include buckling of ligamentum
flavum, collapse of disc height and changes in posterior
longitudinal ligaments at the level of compression. These
changes can only be detected on dynamic MRI. However,
routine application of dynamic MRI is infrequently done
in common practise. The application of dynamic MRI can
reveal not just additional levels of compression but even
the site of maximum pressure, thus playing a vital role in
surgical planning. It is also seen that adjaent level disease,
commonly thought to be secondary to cervical fusion
were actually pre-existing and could have been picked up
if dynamic MRI were used.
Methods: 24 patients of multilevel cervical compessive
myelopathy were studeied with dynamic MRI at Sakra
Spine Centre in Bangalore India. Here the clinical symptoms were correlated to the dynamic changes in MRI and
were considered for planning appropriate treatment.
Results: Of the 24 patients in our study, 17 patients had a
change in the original plan of treatment, either between
conservative therapy and surgery, or the approach (Anterior vs. Posterior) of surgery. It was also noted that additional levels of compression discovered on the dynamic
MRI were instrumental in changing the treatment protocol.
Conclusion: Thus Flexion and extension MRI is an important tool in planning the appropriate management in
cervical compressive myelopathy.
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1] and 10 free hand [group 2]) considering a sample size
of 120 screws. We used 3D printer from Stratasys Mojo
with ABS P 430 model material cartilage. Screw placement was graded on postop computed tomography.
Primary outcome measure: Screw violation, Secondary
outcome measures: Surgical time, Blood loss, Radiation
exposure and complications.
Results: 137 screws in 3D printing group and 126 screws
in free hand group. We found a statistically significant difference between 2 groups regarding perfect screw placement in favor of 3D printing (p-value=0.03) and a statistically significant medial violation in free hand group.
(p-value=0.005). Surgical time and Radiation exposure
was significantly less in 3D printing group (p-value=0.02).
There was no neurological deficit in any of the patient in
any group. Mean blood loss was higher in free hand but
was not significant.
Conclusion: Developing these patient specific drill templates will enable an average spine surgeon to treat these
patients with much ease and safety. This step will create a
further platform to extend this technology for other orthopedic disorders, especially in management of neglected
injuries and deformities of other bones.

Use of Sternal Bone Marrow as Graft in an
Integrated Anterior Cervical Fusion Device?
A Minimally Invasive and Less Disruptive
Option
Hardik Suthar, Pramod Sudarshan, Vamsi Varma,
Sajan Hegde
Orthopedic, Apollo Hospital, Chennai, Tamilnadu, India

Use of Computer Assisted Patient Specific
Drill Guides for Spinal Deformities with the
Help of Volumetric Computed Tomography
Scan and 3D Reconstruction Models
Bhavuk Garg
Orthopedics, All India Institute of Medical Sciences, New Delhi, India

Aims: Spinal deformities are challenging to treat and have
a great risk of neurological complications due to pedicle
screw placement. This project focused on developing patient specific screw guides and comparing with free hand
technique.
Methods: A total of 20 patients (10 with 3D printing [group

Aims: We analysed the use of sternal bone marrow as fusion graft material in an integrated anterior cervical fusion
device as a minimally invasive and less disruptive option.
Methods: We retrospectively analyzed 45 patients with
cervical myelopathy or radiculopathy. An integrated plate
and spacer system streamlined by zero profile instrumentation was used. 33 patients were operated at one level, 12
with two level. 3–5 mL of Sternal bone marrow was aspirated and soaked in a gelatin sponge which was inserted
in the device for fusion. All patients were followed up for
a minimum period of one year. Patients were evaluated
with computed tomography (CT) scans to assess fusion.
Neck disability index, visual analogue score for neck and
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arm pain, modif ied Japanese Orthopedic Association
score (mJOA) score and Bazaz-Yoo dysphasia index were
observed.
Results: 41 patients were evaluated and 4 patients were
lost in follow up. Mean patient age was 46 years, 26 were
male and 15 females. Postoperative radiographs and CT
scans at one year follow up demonstrated fusion. Compared to preoperative scores, visual analogue scale pain
score and neck pain disability index reduced significantly
(p<0.05). Statistically significant improvement in mJOA
score was observed (p<0.05). Two patients complained of
moderate and one of mild transient dysphagia. No subsidence was observed, no device related complications or
fractures occurred. There were no reports of donor site
morbidity from the sternal aspiration site.
Conclusion: Sternal bone marrow can be used to facilitate
fusion in anterior cervical fusion as a cost effective and
safer option. Usage along with integrated device allows
decompression and fusion through minimal access with
low complication rates. Prospective multicenter randomized trials with more patients and longer followup are recommended to confirm these observations.

Ultra-Short Time-to-Echo Magnetic Resonance
Imaging Disc Sign: A Novel Imaging Biomarker
Associated with Spine Degeneration, Pain and
Disability
Jason Pui Yin Cheung, Henry Pang, Cora Bow,
Keith Dip Kei Luk,
Kenneth Man Chee Cheung, Dino Samartzis
Orthopaedics and Traumatology, The University of Hong Kong, Hong
Kong

Aims: Disc degeneration is assessed by T2-weighted (T2W)
magnetic resonance imaging (MRI) based on signal intensity. This method however does not consistently correspond to histological and clinical profiles. Ultra-short
time-to-echo (UTE) MRI assesses short T2 components
(i.e., “invisible” tissue on T2W), and has been primarily used to detect endplate defects. Our group identified
a new imaging biomarker on UTE-the “UTE Disc Sign
(UDS)”. This study aims to assess UDS prevalence, association with disc degeneration and other MRI phenotypes
as well as pain/disability profiles.
Methods: Seventy-six Southern Chinese subjects were

recruited (51.3% male; mean age: 50.6 years) for T2W,
T1-rho and UTE MRI of the lumbar spine (n=380 discs).
T2W MRI was used to assess disc degeneration and other
phenotypes, and T1-rho MRI was implemented to obtain
quantitative proteoglycan disc profiles. UDS was detected
on UTE as a hyper- or hypo-intense band across a disc.
Subject demographics, low back pain (LBP) and Oswestry
disability index (ODI) were obtained.
Results: The UDS was noted in 25% subjects (57.9%
males; mean age: 52.6 years). 80% UDS occurred at the
lower lumbar levels (L3–S1). 26.3% had multi-level UDS.
Subjects with UDS had significantly more disc degeneration, disc displacement, spondylolisthesis, and Modic
changes (p<0.001). T1-rho values were lower in UDS
discs than non-UDS discs (p=0.022). The majority of UDS
could not be detected on T2W MRI. 88% of UDS individuals had LBP. Number of UDS disc levels significantly
correlated with worse ODI scores (r=0.303; p=0.013),
whereas traditional T2W degenerative grading did not
(r=0.234; p=0.057). Chronic LBP was noted in individuals
with multi-level UDS (p<0.05).
Conclusion: This is the first study to report “UDS” in humans. UDS is a novel imaging biomarker highly associated with spine degeneration and a worse clinical profile.
UDS broadens our understanding of degenerative disc
changes and may have potential clinical utility for diagnostics, targeted therapeutics and patient outcomes.

What Is the Optimal Screw Length of L5
Pedicle Screws During Minimally Invasive
Fixation? A Computed Tomography Guided
Evaluation of 316 Optimal Screws
Shiblee Siddiqui, Yu Chun Sing, Colum Nolan,
Jacob Oh Yoong Leong, Min Jia
Orthopaedic Spine, Tan Tock Seng Hospital, Singapore

Aims: In minimally invasive (MIS) surgery, the optimal
pedicle screw length is based on the assessment of the
lateral radiographs. Because there is no tactile feedback,
the pedicle screw length is usually measured by estimating the distance of the tip from the anterior cortex. The
L5 vertebral body has unique anatomical considerations
while inserting a pedicle screw. The vertebral body is
commonly oval in shape, but may also be triangular in
sacralised anatomy. Also, in cases where there is a promi-
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nent posterior superior iliac spine, a medially directed
trajectory may not be possible, instead requiring a more
direct trajectory. As such, a L5 pedicle screw that appears
close to the anterior cortex and acceptable on the lateral
radiograph may in fact have an anterior breach, risking
injury to vital structures.
Methods: A retrospectively review of all “optimal” L5 pedicle screws on the axial computed tomography (CT) scan
was performed (based on O-arm navigation or postop CT
scans). Optimal was defined as screws that were within
5mm of the anterior cortex. The screws were then studied
on the postoperative lateral X-ray, and the percentage of
the length of screw in the individual vertebral body was
calculated.
Results: A total of 372 L5 pedicle screws were assessed
and 316 screws were found to be within 5mm of the anterior cortex. The average percentage of the optimal pedicle
screw in the L5 vertebral body from the lateral radiograph
was 78% (from the tip of the screw to posterior vertebral
body). Sub analysis showed that of straight and medially
directed pedicle screws in the L5 vertebral body was 77%
and 82% respectively.
Conclusion: In MIS surgery, we recommend that the optimal length of the L5 screws should not exceed 75% of the
vertebral body, to prevent an anterior breach. Surgeons
should be aware that “maximising” their screws on the
lateral radiographs may not always be the safest especially
in variations of L5 anatomy such as a sacralised, triangular body, or a high iliac crest. Preoperative evaluations for
these features are recommended.

Which Is Better in Laboures? A Comparison
between Open and Micro Endoscopic Discectomy
Hitesh Modi, Shakti Goel, Tushar Kunder,
Rameez Musa, Neel Bhavsar, Pankaj Pater
Spine Surgery, Zydus Hospitals and Healthcare Research Pvt. Ltd.,
Ahmedabad, India

Aims: None of the existing studies have compared the
results of open and micro endoscopic discectomy (MED)
surgeries in labourers. The aim of this study was to compare the clinical and social impact of open versus MED
surgery in labourers.
Methods: Retrospective review analysis was performed in
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70 labourers (40 males and 30 females) who underwent
open (n=40) versus MED (n=30) surgeries. All patients
were operated at a single institute after a conservative trial
of 6 weeks for single/double level lumbar disc herniations.
Patients with canal stenosis, instabilities or other pathologies were excluded. The clinical results were evaluated
with Oswestry disability index (ODI), visual analogue
score (VAS) and duration of return back to work. Comparison was done using SPSS statistical test software using
t-test.
Results: The average age of the study group was 40.4±12.1
years. The entire study group comprised of heavy labour
workers with an average income of US $53.6±14.6 per
month. The patients belonged to low socioeconomic status as per modified Kuppuswamy scale. The postoperative
VAS scores were significantly reduced in both MED (2.2
versus 7.1, p<0.05) and open discectomies (2.1 versus 7.12,
p<0.05). ODI scores also showed similar trends for MED
(23.16 versus 55.6, p<0.05) and for open discectomies
(20.9 versus 55.12, p<0.05). Average duration to return to
work was significantly less in MED group in comparison
to open discectomy group (17.1±3.6 versus 25.4±7.27
days, p<0.05). The postoperative hospital stay duration in
MED patients (3.1±0.8 days) was also significantly low as
compared to open discectomies (7.5±2.1 days, p<0.05).
There were no complications encountered such as wound
infection, dural tear or nerve root injuries. There was one
patient from each group having recurrent disc herniation
which was managed conservatively.
Conclusion: Although clinical improvement after discectomy surgery were similar, MED is a promising alternative to open discectomy group in labourers with respect to
early return to work. Such studies may further throw light
in differential management of labourer population with
MEDs versus open discectomies.
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Poster
A Comparative Evaluation of Clonidine
versus Pregablin as Preemptive Analgesia
on Postoperative Pain Relief in Patients
Undergoing Thoracolumbar Spine Surgery
Renu Bala, Jasbir Kaur, Savita Saini, Roop Singh
Department of Anaesthesiology and Critical Care Pt. B D Sharma
PGIMS, Rohtak, India

Aims: Spine surgery is associated with moderate to severe
postoperative pain owing to several factors. Appropriate
pain management remains the mainstay for early mobilization and good functional recovery. Though, opioids are
the cornerstone for management of pain, nowadays concept of multimodal and preemptive analgesia is widely accepted. Pregablin—a gabapentenoid and clonidine—alpha
2 agonist have proved their efficacy as analgesic adjuvant
in several surgeries but their role in spine surgery have
not been compared. We planned the present study with
the hypothesis that both will reduce postoperative pain
and analgesic requirement.
Methods: Prospective, randomized, double-blind, placebo
controlled, interventional, single centre trial. Seventy five
adult patients of either sex belonging to ASA grade 1 &
2, scheduled to undergo thoracolumbar spine surgery requiring at least one level of laminectomy were randomly
assigned to three groups. Group I received pregablin 150
mg, group II clonidine 150 μg, and group III placebo 90
minutes prior to surgery. A standard anaesthesia protocol
comprising of fentanyl, thiopentone, vecuronium, isoflurane, oxygen and nitrous oxide was used. Monitoring included heart rate, ECG, NIBP, SpO2, EtCO2, temperature
and BIS. The primary objectives were postoperative pain
and perioperative analgesic requirement. The secondary
objectives were intraoperative haemodynamic changes
and postoperative recovery profile.
Results: The three groups were comparable in terms of
demographic profile, type and level of surgery. Intraoperative fentanyl requirement was highest in group III
(173.6±38), followed by group II (141.6±38.5) and then
group I (129.6±30.7) p<0.05. Postoperative pain as per
visual analogue scale score was more in control group
(5.2), as compared to clonidine (2.67) and pregablin (1.46)

group. Similarly, 24 hours analgesic requirement was least
in group I, followed by group II and group III.
Conclusion: Preemptive analgesia with clonidine or pregablin reduces postoperative pain and perioperative analgesic requirement in patients undergoing thoracolumbar
spine surgery; more with pregablin than clonidine.

A Rare Case of Progressive Dropped Head
Syndrome Fixed with Pedicle Subtraction
Osteotomy, Deformity Correction and Stabilisation of Occipitocervicodorsal Spine
Srinath Pammi, Ravi Venkatesan
Orthopedics, Spine surgery, Apollo Hospitals, Chennai, India

Aims: Dropped head syndrome is a relatively rare condition. The treatment of cervical progressive flexion deformity in ankylosing spondylitis presents a challenging
problem that is traditionally managed by a corrective
cervicothoracic osteotomy. We report an approach that
involves pedicle subtraction osteotomy at the area of
maximal spinal curvature and deformity correction with
stabilization of occipito-cervico-thoracic area.
Methods: This is a 37 years old gentleman who had an
old history of RTA in 1999 had undergone craniotomy
and evacuation of SDH and C2–C3 fixation (Hartshell
Rectangle) in 2000 now has complaints of gradual progressive neck deformity that left him unable to see ahead
and caused him to experience difficulty eating, drinking,
not able to drive. Patient has a recent history of trauma
6 months ago aggravated the presenting condition and
was diagnosed with Ankylosing Spondylosis. Flexion
deformity is maximum at C7; confirmed on imaging studies. During admission traction was initially given but no
improvement was noticed and hence terminated after 48
hours. Later he was undertaken for pedicle subtraction
osteotomy C7, deformity correction and stabilization of
occipito-cervico-thoracic spine. An excellent anatomical
position was achieved.
Results: Peroperatively we achieved 60 degrees of correction. Mild forward bending is retained so that patient will
be able to walk and get down stairs without problem. Post
operatively there was good fusion and improved functional status.
Conclusion: A pedicle subtraction osteotomy performed
at the level of maximum spinal curvature in ankylosing
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spondylitis combined with posterior stabilization enables
complete correction of severe flexion deformity in a single
procedure.

A Rare Case Report of Traumatic Lateral
Lumbo-Sacral Dislocation with Cauda Equina
Srinath Pammi, Ravi Venkatesan
Orthopedics, Spine surgery, Apollo Hospitals, Chennai, India

Aims: Lateral traumatic lumbo-sacral dislocation is a rare
and severe lesion of the lumbosacral junction. Only few
cases have been reported in the literature. We report a
new case of lateral lumbosacral dislocation with Cauda
Equina syndrome.
Methods: Lumbosacral dislocation usually occurs in patient with multiple traumas. Generally, in the case of complete fracture-dislocation, on lateral radiographs one can
observe the L5 vertebra slippage over the sacrum, resulting
from an associated severe disc disruption. Our case is a
30-year-old man had an significant lateral traumatic dislocation with grade 1 anterolisthesis of the lumbosacral junction after an accident in which a sandbag fell on his back.
Results: In our case there was only grade 1 anterolisthesis
with a prominent lateral subluxation. We approached the
disc from both sides, whole of posterior annulus was resected and transforaminal lumbar interbody fusion done
after reducing the lateral subluxation. In cases of lateral
dislocation with mild listhesis, short instrumentation can
be recommended, extending from L5 to S1. Addition of
an interbody fusion should be considered when the L5–
S1 disc is disrupted, which is responsible for the anterior
slippage of L5 over S1.
Conclusion: Lumbosacral dislocation with a lateral translation with grade 1 listhesis will be associated with disc
disruption. Therefore careful preoperative investigations
mainly magnetic resonance imaging to see disc disruptions and levels to be approached are to planned. Early
surgical intervention helps in neurological recovery.
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Comparative Analysis of Serum Melatonin
Levels in Adolescent Scoliosis, Congenital
Scoliosis and Controls
Kaustubh Ahuja, Buddhadev Chowdhary, Bhavuk Garg,
R.K. Yadav
Orthopedics, All India Institute of Medical Sciences, Sonepat, India

Aims: To compare and analyse serum levels of melatonin
in patients with adolescent scoliosis, congenital scoliosis
and healthy controls.
Methods: This is an observational case control study conducted at all India institute of medical sciences in which
31 patients suffering from congenital scoliosis, 25 patients
suffering from adolescent scoliosis and 13 healthy controls
all with in the age group 4–18 years of age with a mean
age of 13.4 were included at the time of their first contact with the hospital. Samples were taken within the out
patient department (OPD) between 1,100–1,200 hours,
centrifuged and serum stored at –40 degrees. Samples
were put to test using enzyme linked immunosorbent assay kit for serum melatonin (cloud-clone corp). Analysis
was done using one way analysis of variance test with bon
ferroni modification.
Results: Patients with adolescent scoliosis had a mean
serum melatonin level of 118.38 with a standard deviation (SD) of 41.05 which was significantly (p<0.05) lesser
than controls with serum melatonin levels of 184.28 with
SD 64.86. There was no significant difference between serum melatonin levels in congenital scoliosis (142.2709 SD
34.6783) and adolescent scoliosis. Patients with congenital
scoliosis also had significantly lesser serum melatonin levels than healthy controls (p<0.05).
Conclusion: Serum melatonin levels being significantly
lesser in adolescent scoliosis as compared to normal controls points to a definite correlation between the two. The
cause and the effect is still unclear. Whether low melatonin is the cause for adolescent scoliosis or is the situation
vice versa stays an important question to be answered.
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Degenerative Lumbar Spondylolisthesis Better
Surgical Approach Transpedicular Fusion
Verses Interbody Fusion
Siddharth Gupta
Orthopaedic, Popular Hospital Pvt. Ltd, Varanasi, India

Aims: Degenerative spondylolisthesis is a condition in
which one vertebral body slips forward on top of the vertebral body below it, as a result of aging processes that
weaken the spine. This is a prospective study to compare
two different surgical approaches, and evaluate the results
and outcomes in both groups.
Methods: 18 patients divided into 2 groups. Group A
managed with posterior transpedicular vertebral fusion
with pedicle screws and Group B managed with posterior
interbody fusion with pedicle screws. Age group varied
from 52 years to 68 years. All patients underwent foraminotomy for nerve root decompression. Patient’s functional
outcome was carried out using modified oswestry low
back pain score and back pain index. Follow up of both
the groups ranged from 3–5 years.
Results: Both surgical procedures were effective. Outcomes in terms of back pain score, index, complications
and failure rates were assessed. Group B had a better outcome as compared to the counterpart.
Conclusion: For degenerative lumbar spondylolisthesis
interbody fusion is better surgical approach than transpedicular fusion only.

Denosumab: A Potential New Treatment
Option for Recurrent Aneurysmal Bone Cyst
of the Spine
Ankit Patel, Arvind Kulkarni
Spine Surgery, Bombay Hospital & Medical Research Centre, Mumbai,
India

Aims: To describe a unique case of recurrent locally aggressive aneurysmal bone cyst (ABC) of thoracic spine
treated with denosumab and review of literature on this
rare entity. ABCs are expansile osteolytic lesions that
typically contain blood-filled spaces separated by fibrous
septa. Standard treatment includes surgical resection or
curettage and packing; however, for some spinal lesions,
the standard approach is not optimal. One therapeutic

strategy is to treat spinal ABC with an agent that targets
a pathway that is dysregulated in a disease with similar
pathophysiology. The bone destruction in both giant cell
tumors of bone and ABCs is mediated by RANK ligand
(RANKL) produced by the tumor cells. Denosumab, a human monoclonal antibody to RANKL, is effective in the
treatment of giant cell tumors of bone.
Methods: We report a case of a large thoracic spine ABC
that responded to denosumab. A 14 year-old female developed increasing back pain and paraparesis. Imaging revealed a lytic lesion in the D5 vertebra with no clear solid
component and regions where the cortex was difficult to
identify. ABC was diagnosed on biopsy. Two surgeries for
intralesional excisions were performed and there was a
recurrence again with epidural compression after recovery from paraparesis. Denosumab was given using the
regimen for giant cell tumors of bone (120 mg sc monthly
with a loading dose).
Results: The patient’s back pain and neurologic deficit
gradually resolved 2 months after initiation of denosumab
treatment. Magnetic resonance imaging scans at 3, 6, 12,
18 months showed complete resolution and no recurrence.
Conclusion: We conclude that denosumab can result in
symptomatic and radiological improvement in ABC and
may be useful in select cases. Long-term results are mandatory to confirm the efficacy of denosumab and to evaluate local recurrence after stopping denosumab.

Does The Pedicle Screw Thread Design Affect
Its Revision Pull Out Strength? An Ex Vivo
Biomechanical Study
Wei Ren Daniel Seng, Shiblee S Siddiqui,
Jacob Yoong Leong
Orthopaedic Surgery, Tan Tock Seng Hospital, Singapore

Aims: There is a growing interest in optimising pedicle
screw pull-out strength using various screw designs.
While primary pull-out strength has been heavily studied,
not much is known about revision pull-out strength of
different pedicle screws. The objective of this study was to
evaluate, in a synthetic bone model, the difference in primary and revision pull-out strength using pedicle screws
of different thread designs.
Methods: The pull-out strengths of three types of pedicle
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screw designs (single lead, mixed lead, dual lead) were
tested in standardised polyurethane foam in three sequences. Sequence 1: A 6.5 mm screw was inserted
into the foam block and the primary pull-out strength
measured. Sequence 2: A 6.5 mm screw was inserted,
removed, then reinserted into the same foam block. The
revision pull-out strength of the reinserted screw was
measured. Sequence 3: A 6.5 mm screw was inserted, removed and a 7.5 mm screw of the same thread design was
reinserted. The pull-out strength of the revision 7.5 mm
screw was then tested.
Results: The primary pull-out strength was similar in all
pedicle screw designs, although dual lead screws showed
significantly higher primary pull-out strength (2628.80
N) compared to single lead screws (2184.43 N, p<0.05).
When revising with the same screw diameter, the mixed
lead screw had significant reduction in revision pull-out
strength of 18.6% (1890.15 N, p=0.017). Revision with
a larger diameter screw improved the pull-out strength
back to baseline. Single and dual lead screws did not show
significant reduction in revision pull-out strength.
Conclusion: Mixed lead screws are more costly than single
lead screws and may not offer any advantage for primary
pull-out strength. Its use in revision cases has a significantly weaker pull-out strength and surgeons should be
cautioned about this. Surgeons in the setting of revision
spine surgery should consider the use of larger diameter
mixed lead pedicle screws if appropriate.

Does The Plate Maintain a Sagittal Plane
Correction after Anterior Cervical Discectomy
and Fusion Compared to a Stand Alone Cage?
Abduljabbar Alhammoud, Mohanad Aboulebda,
Mohamed Fahd Faleh, Abdul Moeen Baco
Orthopedics, Hamad Medical Corporation, Doha, Qatar

Aims: Anterior cervical discectomy and fusion is the
treatment of choice for cervical degenerative disc disease
which causes neurological symptoms such radiculopathy
or myelopathy. It can be done by different techniques
which include several options for implants such as disc
spacers made of autograft or of allograft bone, porous
metal as well as anterior plates and screws. Anterior cervical discectomy and fusion with stand alone cage (ACDFCA) is a successful option to treat cervical disc disease,
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but long-term follow-up showed complications including
cage subside as well as pseudoarthrosis. Thus, anterior
cervical decompression and fusion with stand cage and
plate (ACDF-CPA) was developed in order to decrease
the complication of stand cage alone. However this has
also been shown to have complications like dysphagia.
The purpose of this study is to compare the role of anterior plate constructs (ACDF-CPC) and stand alone cage
(ACDF-CA) in maintaining of sagittal plane correction.
Methods: We retrospectively reviewed the lateral cervical radiographs of all patients who underwent ACDF by
stand cage alone or cage and plate at Hamad General Hospital, Doha, Qatar between 2011 and 2015. The choice of
the operation was dependent on the surgeon’s preference
and experience. Radiological findings (cervical lordosis,
segmental lordosis, cage subsidence, disc height) are compared (pre op, 3–6 months post op, 12 months post op).
Results: Sixty five patients underwent ACDF, 88 operative
levels, 29 (44.6%) ACDF-CA and 36 (55.6%) underwent
ACDF-CPC. There were 41 (63.1%) males and 24 (36.9%)
females, average age 47.7 years (SD: 9.32), 40% done by
orthopedic spine surgeons and 60% done by neurosurgeon. Most common operated level is C5–C6 followed by
C6-C7. ACDF-CA showed better surgical correction than
ACDF-CPC in regards to cervical lordosis and segmental
lordosis (p-value: 0.692, CI: –4.8, 7.28) whereas ACDFCPC maintains correction more than ACDF-CA at final
follow up despite insignificant statistically (p-value: 0.506,
CI: –7.05, 3.54). No difference detected in disc height and
cage subsides between two groups.
Conclusion: ACDF by stand cage alone or anterior plate
achieved good clinical outcome and significant correction
in sagittal plane. ACDF-CPC is superior to ACDF-CA in
maintaing the postoperative sagittal alignment.

Driving Safety after Spinal Surgery: A Systematic Review
Abduljabbar Alhammoud, Kenen Alkhalili,
Abdul Moeen Baco
Orthopedics, Hamad Medical Corporation, Doha, Qatar

Aims: The driving reaction time is defined as the amount
of time, on the order of milliseconds or seconds, at which
a driver can adequately react to a stimulus requiring them
to brake emergently. Although, driving reaction time
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(DRTs) can vary depending on variables such as mental
processing time, movement time, and device response
time there are standards or safe ranges quoted in the literature. Thus, a standardized postoperative DRT might
represent an objective indicator for when a patient can
resume safe driving after spinal surgery.
Methods: The MEDLINE and Google Scholar databases
were analyzed according to the PRISMA statement for
clinical studies investigating changes in DRTs following
cervical and lumbar spinal surgery. Changes in DRTs and
patients’ clinical presentation, pathology, anatomical level
affected, number of spinal levels involved, type of intervention, pain level, and driving skills were assessed.
Results: The literature search identified 12 studies addressing DRTs in postoperative patients; of those studies,
6 studies met the inclusion criteria. Amongst these 6 studies, 5 studies assessed changes in DRT after lumbar spine
surgery and 2 studies after cervical spinal surgery. The spinal procedures included were: selective nerve root block,
anterior cervical discectomy and fusion, and lumbar fusion and/or decompression. Overall, DRTs exhibited variable responses to spinal surgery dictated by the patients’
clinical presentation, spinal level involved, and the type of
procedure performed.
Conclusion: The evidence regarding patients’ ability to
resume safe driving after spinal surgery is scarce. Normalization of DRT or returning to pre spinal intervention values represents a widely accepted indicator for safe
driving with mixed statistical significance due to multiple
confounding factors. Considering the type of spinal intervention, the pain level, opioid consumption, and cognitive
function is unique to each case and will be a more adequate reflection of when to safely resume driving.

Evaluation of Correction of Radiological
Parameters (Angulation and Displacement)
and Accuracy of C2 Pedicle Screw Placement
in Unstable Hangman’S Fracture with Intraoperative Computed Tomography Based
Navigation
Satish Verma
Neurosurgery, Aiims, New Delhi, India

Aims: To evaluate radiological parameters of fracture
morphology in unstable hangman’s fracture in preopera-

tive and postoperative period and accuracy of inserting
axis pedicle screws by using intraoperative computed tomography (CT) based navigation.
Methods: Twelve patients with unstable hangman’s fractures with age ranging from 17 years to 81 years were operated using CT–based navigation from September 2011
to January 2015. Patient’s age, sex, mechanism of injury,
associated injuries and neurological status were noted.
Clinical outcome, accuracy of screw insertion, preoperative and postoperative displacement and angulation of C2
over C3 and bony fusion were assessed.
Results: Overall 64 screws were inserted including 24
screws in C2 pedicle with 1 (1/24, 2.4%) malplaced screws
in C2 pedicle. Mean follow-up period was 34±12 months
(range, 7–80 months). Mean hospital stay was 11.2±2.8
days. Mean preoperative and postoperative displacements
were 4.1 mm and 1.8 mm respectively with a mean reduction of 2.3 mm. Mean preoperative angulation was 11.2°
and the postoperative angulation was 2.1° with a mean
reduction of 7.1°. Bony fusion was achieved and rotation
was preserved at C1–C2 joint in all cases.
Conclusion: Intraoperative O-arm–based navigation is a
safe, accurate, and effective tool for screw placement in
patients with unstable hangman fracture and achieves
good anatomical reduction.

Extensive Cervicothoracic Dysraphism with
Kyphosis Presenting as Myelopathy in an
Adolescent Boy
Kshitij Chaudhary, Rishi Aggrawal, Ashok Rathod
Orthopaedics, Sir HN Reliance Foundation Hospital, Mumbai, India

Aims: We describe a case of congenital failure of closure of
posterior elements (spinal dysraphism) from C1 to D4 who
presented with myelopathy. To the best of our knowledge,
this is the first case of extensive congenital dysraphism in
the posterior elements of the cervicothoracic spine to be
reported who presented in such a unique manner.
Methods: 16-year-old male presented with progressive
weakness in lower extremities since 1 year. Past medical
history was insignificant. Physical examination revealed a
smooth cervicothoracic kyphosis without any neurocutaneous markers. The patient had severe bilateral lower limb
spasticity with non-ambulatory power (Grade 1–2). Upper limb neurological exam was normal. X-ray revealed a
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proximal thoracic kyphosis of 102º with 84º cervical hyperlordosis. Computed tomography (CT) scan and magnetic resonance imaging showed that posterior elements
were dysraphic (failure of fusion in midline) from C1 to
D4. Severe dural ectasia was seen in the cervical region
with spinal cord herniation. At the apex of the cervicothoracic kyphosis (D4) the spinal cord stretched and was
severely compromised. There were no congenital abnormalities in the vertebral bodies. A D4 posterior vertebral
column resection (VCR) in the prone position with posterior instrumented fusion from D1 to D8 was performed.
Results: Complete motor recovery was attained at 4
months with mild residual spasticity and regained normal
gait. At two years CT scan shows successful fusion at the
osteotomy site.
Conclusion: In spite of an extensive literature review, we
could not find a similar case. What is unique about this
case is that the deficit was caused by the stretch of the
spinal cord on a kyphotic apex at the cervicothoracic
junction and not due to any congenital abnormality. We
hypothesize that the kyphosis was induced due to nonfunctional posterior elements, more like what happens in
post-laminectomy kyphosis in children. posterior vertebral column resection resulted in a successful outcome.

Introduction of Intraoperative Imaging to
Preserve Function in Complex Atlas-HangmanFractures
Pankaj Singh, Dattaraj Sawarkar, Deepak Agarwal,
Satish Verma, P. S. Chandra, Sashank Kale,
Ashok Mahapatra, Amandeep Kumar
Neurosurgery, All India Institute of Medical Sciences, New Delhi, India

Aims: Combination fractures of the C1 C2 complex especially atlas and hangman are relatively uncommon. This
retrospective study was planned to evaluate the treatment
and outcome of combined C1-hangmans fracture with
and without intraoperative O-arm based navigation system.
Methods: From 2009 to 2015, eight patients were found to
have combined C1 and hangmans fracture. We included
7 patients (male/female: 6/1; age 23–81 years; mean 44.29
years) in our study who had follow up. Neurological deficit was present in 3 patients (American Spinal Injury Association [ASIA] B in 1 pateint and ASIA C in 2 patients).
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Operative intervention was performed in 6 patients.
Specific treatment was determined by the combination of
fractures. We used O-arm (intraoperative computed tomography [CT] scan with navigation) in 3 patients (after
we got one in our hospital) and its use allowed us to do
more anatomical and more motion preserving procedure
in these 3 patients. In 1 patient C2 pedicle screws and C3
lateral mass screw and rod fixation, and in 2 patients C2
pedicle screw and C3–C4 lateral mass screw and rod fixation was done.
Results: There were no intraoperative surgery related
complications. The mean follow-up period was 20.6
months. Neurological recovery occurred in all 3 patients
with preoperative neurological deficits. Radiological fusion occurred in all cases. Rotation at C1–2 was preserved
in all 3 cases operated under O-Arm guidance and in one
patient with type 1 fracture who was managed conservatively.
Conclusion: The goals in treating these complex fractures
are to achieve early maximum stability and preserving
maximum range of motion. These are often competing
phenomena. Treatment in patients with these combination fractures is based on the type of hangmans fracture.
Good healing can be achieved in elderly patients also and
we should be aggressive in management of these patients
with new intra operative CT scans and navigation system.

Learning Curve for Minimally Invasive Spine
Surgeries: A Retrospective Review from Five
Years of Minimal Invasive Surgical Technique
Hitesh Modi, Shakti Goel, Yatin Desai
Spine Surgery, Zydus Hospitals and Healthcare Research Pvt. Ltd.,
Ahmedabad, India

Aims: There is an inherently difficult learning curve associated with minimal invasive surgical (MISS) approaches
to spinal decompression and fusion. The purpose is to
identify the learning curve and complications encountered in MISS-procedures (both discectomy and fixations
combined together) for spine surgeons.
Methods: This is a retrospective review of 126 patients
operated by the same surgeon during first five years of
independently implementing minimal invasive spine
surgeries. All surgeries were done by micro-endoscopic
discectomy (MED) technique (later on also added with
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MISS-fixations) between 2011 and 2016. The operative
time was sequentially noted. The patients were followed
up for clinical results, visual analogue score (VAS), complications and hospital stay duration.
Results: Average age was 44±11 years and average operation time was 117±54 minutes. The average surgical time
decreased to less than 90 minutes after 30 surgeries. The
operative time for MED was around one hour after 50 surgeries and MISS fixations were done in less than 3 hours.
After 50 surgeries, the timing for single level discectomy
and decompression was less than 60 minutes. Hospital
stay was around 3.06±1.38 days. Preoperative VAS-score
was 8.6±0.9 v/s 1.8±1.3 (p<0.05) in the postoperative period. Intraoperative and postoperative complications were
found in initial 50 surgeries.
Conclusion: Minimally invasive spine surgeries are procedures with early encouraging results. As per this study,
first 30 surgeries should be restricted to MISS decompression and discectomy. Next 20 cases can be combined with
some MISS fixations. After the first 50 cases, bilateral
decompression with fixation and trans-foraminal lumbar
inter-body fusion may be successfully attempted.

Low Implant Load Construct Transforaminal
Lumber Interbody Fusion? Clinical Outcome in
Selected Group of Patients with Lumber Canal
Stenosis and Unilateral Leg Radiculopathy
Hardik Suthar, Parmod Sudarshan, Vamsi Varma,
Sajan Hegde

screw fixation and transforaminal interbody fusion. Visual analogue scale (VAS) and Oswestry disability index
(ODI) were analysed for clinical assessment. Fusion and
implant failure were determined on follow-up radiological
assessment. Operative time and hospitalization periods
were also evaluated.
Results: The mean follow-up duration was 20.4 months.
91 patients were of one level stenosis, 4 of two levels and
12 of grade 1 spondylolisthesis. The mean preoperative
VAS score was 6.7 and 4.3 for leg and back pain, respectively. Postoperatively pain in lower extremity and the
back improved significantly to 1.6 and 1.7, respectively
(p<0.05). The ODI was improved significantly from 47.5%
to 14.6% (p<0.05). All patients demostrated fusion without any implant failure, however, one patient had asymptomatic cage back out. Average duration of surgery was
64.3 minutes with average duration of hospital stay was 1.9
days.
Conclusion: Satisfactory results were acquired with TLIF
conducted through the unilateral approach using low
implant load construct in selected group of patients with
lumbar canal stenosis. This procedure allows adequate
decompression and fusion with less exposure, provides
earlier recovery and a cost-effective option compared to
conventional TLIF.

Mobile Schwannomas of Lumbar Spine: A
Diagnostic Dilemmma
Navdeep Singh, Ajay Kothari, Rashid Anjum

Orthopedic, Apollo Hospital, Chennai, India

Orthopaedics, Sgrrimhs, Dehradun, India

Aims: To evaluate the clinical outcomes and fusion in selected group of the patients, operated by transforaminal
lumbar interbody fusion (TLIF) through unilateral low
implant load construct of pedicle screws.
Methods: Retrospective analysis of 107 patients (43 females, 64 males and mean age of 44.2) who were operated
in our institute by single surgeon with minimum one year
follow-up. Inclusion criteria were predominant single
leg radiculopathy due to single or two level lumbar disc
disease and/or grade 1 spondylolisthesis with stenosis. Exclusion criteria were patients with >2 level stenosis, severe
osteoporosis, severe facetal arthropathy, >grade 1 spondylolisthesis, and morbid obesity. Exposure was done only
on the side of radiculopathy followed by unilateral pedicle

Aims: Migratory schwannomas are rare entity in spine tumors as such, in lumbar being the most common location.
They pose a diagnostic as well as a therapeutic dilemma
for the operating surgeon, as it was for us. Review of current literature showed that this entity had been described
at various times in history and various methodologies
have been applied worldwide to tackle this rare entity,
thereby decreasing the perioperative morbidity associated
with it. This case report discusses various aspects of this
entity, the problems related to it and solutions, with review of the current literature.
Methods: This study is a descriptive case study with review of the few cases in world literature available so far,
discussing the various aspects of this pathology and man-
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agement.
Results: A knowledge of this existing phenomenon of
migrating tumor is desirable to identify the pathology and
various perioperative measures to tackle the dilemma arising out of the clinical situation. In our case we had to do
an extended surgical dissection in form of laminectomy
and durotomy to avail complete excision of the tumour,
which could have been avoided by knowing the existence
of such a phenomenon beforehand and we could have
been better prepared to tackle such situation with our existing infrastructure.
Conclusion: Mobile schwannoma, though are rarely reported in the literature, but its existence should be known
to the operating surgeon to avoid unnecessary surgical
dissection, thereby increasing morbidity and complication
rate and thus various measures to counter these complications like adopting perioperative imaging techniques and
intraoperative sonography can be utilized for overall better surgical outcomes.

and rest of them had no neurological deficit (n=4). 2 of
our patients could be managed with closed reduction
with skull traction, while 3 required open reduction with
posterior release and partial facetectomy. All 5 underwent anterior fusion for definitive fusion after reduction
in same sitting. Significant improvement in pain scores
(Pre/Post=7/2 with p≤0.05) and local kyphosis (Mean
pre/post=–15.2±6.2 with p≤0.05) was achieved. Neurology improved with absence of any myelopathic signs and
symptoms at final follow up for all the patients.
Conclusion: There is role for skull traction even in neglected cases of bilateral facet dislocations of subaxial cervical spine provided no auto-fusion is seen on radiological
imaging. If reducible by skull traction then anterior cervical discectomy and fusion alone would suffice; whereas if
its irreducible by traction then open posterior release and
reduction with or without instrumentation followed by
definitive anterior fusion surgery yields satisfactory outcomes.

Neglected Post Traumatic Bilateral Cervical
Facet Dislocations: Dilemmas and Management
Algorithm

Outcome of Instrumentation in Subaxial
Cervical Spine Injury

Chaitanya Chikhale, Vishal Kundnani

Orthopaedics, Assam Medical College & Hospital, Dibrugarh, India

Aritra Bidyananda

Spine surgery, Bombay Hopsital, Mumbai, India

Aims: To assess the utility of closed reduction with traction in neglected bilateral cervical facet dislocations and
to validate the efficacy of posterior reduction with or
without fusion along with anterior surgery for managing
these patients with delayed presentations.
Methods: 5 patients presenting with neglected (>3 weeks)
fracture dislocation of sub axial cervical spine managed
surgically formed the study cohort. Demographic data
like age, gender, mode of injury, duration of injury to time
of presentation and clinico-radiological variables like
pain-visual analogue scale score, neurology-Nurick grading, facet dislocation or fracture, localised kyphosis angle,
myelomalacic changes in cord were evaluated and noted.
Data collected was analysed using the Students t-test.
Results: 5 cases, (male/female=5, mean age=45) with bilateral facet dislocations (C4–5=1, C5–6=4) were included
in the study. Mean duration of delay between injury to
definitive management was of 8 weeks. 1 patient had
preoperative C5 deficit with Nurick grade 2 myelopathy

Aims: Subaxial cervical spine accounts for about 65% of
all cervical spine injuries. Adequate treatment can only be
embarked upon after complete understanding of spinal
biomechanics and the ability to determine the injury to
various anatomical components of the spinal column. The
current study discusses the treatment strategies and assesses the outcome of treatment in such injuries.
Methods: 16 patients (12 males, 4 females; age range, 18–
60 years) with unstable cervical spine injuries (C4 to C6)
with neurological deficit graded according to American
Spinal Injury Association (ASIA) impairment scale were
treated at Assam Medical College & Hospital between June
2012 and September 2014. Patients with bilateral facet
dislocation were treated with either posterior or anterior
approach after failed preoperative traction. Unilateral facet
dislocation was treated with lateral mass fixation or anterior plating. Patients with compressive flexion injury were
treated with corpectomy, bone grafting/ cage and anterior
plating. Vertical compression fractures were treated with
corpectomy, bone grafting and anterior plating.
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Results: The fusion time were 4 to 6 months and there was
no residual instability of spine or loosening of the internal
fixation at 12 months.
Conclusion: Operative treatment of sub axial cervical spine
injury decreases the complications related to prolonged
immobilization and improves neurological outcomes. Both
posterior and anterior surgical approaches are viable alternatives for treating these injuries with different indications
and risk profiles. Identifying and understanding the injury,
proper selection and planning of cases, preoperative optimisation and thorough knowledge of anatomy is essential
to obtain benefits of operative treatment.

Outcomes of Microsurgical Decompression in
Compressive Thoracic Myelopathy Secondary
to Ossification of Ligamentum Flavum
Siddharth Shah, Samir Dalvie, Ravi Ranjan Rai

excision was done at 11 levels (mean 1.54±0.96). Dural
adhesion of the OLF mass, noted in 42.9% patients, was
micro-dissected and excised with the adherent dural layer,
without arachnoid breach. Dural defects were sealed using
local fat graft with no postoperative complications relating to CSF leak noted. Postoperatively, all (100%) patients
showed improvement in neurology and gait. Hirabayashi
recovery rate (RR) was 58.1%±15.5%, with outcomes being good in 71.4% and fair in 28.6% patients. Significant
improvement was noted in mJOA score after surgical decompression (Pre-op 6.4±1.5 vs. Post-op 9±1.4; p=0.016).
Nurick grades improved from 3.8 (Pre-op) to 2.7 (Postop). Complication was noted in one patient as postoperative superficial wound infection, which healed by secondary intention.
Conclusion: Microsurgical decompression is an effective
surgical technique for thoracic OLF induced myelopathy
providing significant neurological improvement, without
the complications associated with OLF excision.

Spine Surgery, PD Hinduja Hospital and Medical Research Center,
Mumbai, India

Aims: Decompressive surgery is the mainstay of treatment
of compressive thoracic myelopathy secondary to ossification of ligamentum flavum (OLF), with recovery rates
varying from 25%–100%. Microsurgical technique offers
the advantage of accurate delineation of ossified mass and
complete cord decompression. This study was aimed at assessing the outcomes of microsurgical decompression for
thoracic myelopathy due to OLF.
Methods: Seven patients underwent treatment for thoracic
myelopathy secondary to OLF between 2014–2016. OLF
was diagnosed based on MRI finding of rounded or beaklike ventral protrusion of ligamentum flavum. All patients
underwent microsurgical decompressive laminectomy
with OLF excision, using an operative microscope and
high speed drill system. Preoperative and postoperative
assessment was done by neurological evaluation, modified Japanese Orthopedic Association score (mJOA) and
Nurick grading.
Results: Five males and two females, with mean age 54.3
years (range, 38–72 years), presented with progressive
spastic gait, partial (85.7%) and complete (14.3%) neurological deficit. Mean preoperative duration of symptoms
was 2.9±1.9 months. On magnetic resonance imaging
(MRI), OLF was identified at 22 levels (mean 3.14±2.7).
Microsurgical decompressive laminectomy with OLF

Perioperative Outcome of Severe Adolescent
Idiopathic Scoliosis More than 90 Degrees
Utilising a Dual Attending Surgeon Strategy
Mun Keong Kwan, Ling Hui Loh, Shun Herng Tan,
Chee Kidd Chiu
Department of Orthopedic Surgery, University of Malaya, Kuala
Lumpur, Malaysia

Aims: This study reviews 85 adolescent idiopathic scoliosis
(AIS) patients with Cobb angle >90° operated by two attending surgeons. The mean operating time was 199 minutes. The average blood loss was 1.7 L. 24% of patients had
massive haemorrhage with an allogenic blood transfusion
rate of 17.6%. The complication rate was 4.7% (4/85). The
mean hospital stay was 3 days.
Methods: 85 consecutive AIS patients with Cobb angle
>90° who underwent posterior spinal fusion (PSF) were
analysed. All surgeries were performed by two attending
surgeons. Perioperative outcome measures which were
recorded included operative time, blood loss, need for
allogenic blood transfusion, postoperative haemoglobin,
total patient controlled analgesia (PCA) morphine usage,
and length of stay.
Results : The average preoperative Cobb angle was
103.7°±12.6°. The average operative time was 198.5±47.5
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minutes with an average blood loss of 1699.4±939.3 mL.
The mean volume of blood salvaged was 767.0±358.4
mL. 24% of patients had massive haemorrhage (defined
by blood loss>whole body blood volume) with allogenic
blood transfusion rate of 17.6% (15/85). The mean postoperative haemoglobin was 105.5±17.6 g/L. The average
morphine usage was 22.0±19.7 mg and the average length
of stay postoperation was 71.6±22.5 hours. There were 4
complications documented: intraoperative seizure, hypothermia, hypotension secondary to massive haemorrhage, and intraoperative loss of somatosensory evoked
potential (SSEP) signal which recovered after reducing the
amount of correction. When comparing between Cobb
angle 91°–100° and >100°, the latter group demonstrated
a statistically significant (p<0.05) longer operating time
(187.4±43.4 vs. 210.4±49.3 minutes) and greater blood
loss (1502.0±749.7 vs. 1922.2±1092.4 mL). There was no
difference in other perioperative parameters.
Conclusion: Dual attending surgeon strategy in PSF for
severe AIS led to an average operative time of 199 minutes and blood loss of 1.7 L, with 17.6% allogenic blood
transfusion rate. Patients with Cobb angle >100° had a
significant longer operating time and greater blood loss
compared to patients with Cobb angle 91°–100°.

Radiographic Results in Osteoporotic Patents with Thoracolumbar Burst Fractures
and Neurologic Deficit Treated with Long
Instrumentation and Short Fusion: Cemented
Pedicle Screws Fixation versus Hybrid Construct
Po Hsin Chou, Shin Tien Wang, His Hsien Lin,
Ming Chau Chang
Department of Orthopedic, Spine Surgery, Taipei Veterans General
Hospital, Taipei, Taiwan

Aims: Cement-augmentation pedicle screws (CPS) and
hybrid construct (HC) with hooks and pedicle screws are
common methods for surgeons to avoid implants failure
in treating patients with osteoporotic thoracolumbar burst
fractures. Few papers investigated the surgical outcomes
between two groups for treatment of osteoporotic thoracolumbar burst fractures with neurologic deficit.
Methods: Patients underwent posterior decompression,
long instrumentation and short posterolateral fusion. Osteoporosis were defined as T score less than –2.5. Cement-
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ed pedicle screws were fixed 2 levels above and below the
injured level with cannulated fashion to cement augmentation. Pedicle screws were applied 2 levels below, laminar
hooks at the most caudal level, and pedicle and transverse
hooks were applied 3 cepahlad levels, respectively. Posterolateral fusion were performed one level above and
below. Patients’ demographic data and regional kyphosis
with Cobb’s method and horizontal and vertical distances
(HD and VD) between screw tip and anterior and upper
cortexes were evaluated. To avoid bias, horizontal and vertical migration index (HMI and VMI) normalized by the
vertebral body were used to evaluate screws migration.
Results: Between 2011 January to 2014 December, 51
patients were analyzed retrospectively. 27 were enrolled
in the CPS group, and 24 patients were enrolled in the
HC group. The patients in the HC groups had statistically
more blood loss, more motion segments fixed and similar
operative times between two groups. The patients in the
HC groups had better kyphosis reduction immediately
after operation but similar kyphotic angle at final followup between two groups. After an average follow-up of 51
months (48 to 61), the pedicle screws did not migrate with
time based on HMI and VMI in both groups except 1
patient in each group having screws loosening and undergoing implant removal. There were no vascular or neurologic complications related to instrumentations or cement
augmentation. 2 patients in CPS group had symptomatic
adjacent segment degeneration (ASD) and had revision
surgery due to ASD.
Conclusion: Both methods are seems to be effective for
managing fixation in the osteoporotic spines. Both methods had its own advantages and disadvantages. Progressive kyphosis was inevitably observed in spite of either
method. Surgeons have to be familiar with both methods
to manage different situations.

Radiological and Functional Evaluation of
Posterior Decompression and Instrumentation
in Cervical Spondylotic Myelopathy
Hitesh Modi, Shanki Goel, Yatin Desai
Spine Surgery, Zydus Hospitals and Healthcare Research Pvt. Ltd.,
Ahmedabad, India

Aims: ‘Functionally normal’ cervical lordosis is not only
important for maintaining the posture of the neck but
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also to prevent various cervicogenic symptoms. A number
of literature have reported that cervical lordosis of less
than 20 degrees is responsible for cervicogenic pain. There
is a controversy in the surgical management of cervical
myelopathy; a few groups encourage only laminectomy or
laminoplasty without fixation and others lay emphasis on
lateral mass fixation along with the decompression procedures. In this study we have evaluated the radiographs
and clinical outcomes after posterior cervical decompression and fixation in patients with cervical spondylotic
myelopathy.
Methods: This is a retrospective study on 37 patients operated with posterior cervical decompression and lateral
mass screw fixation between 2011 and 2015. All patients
were operated by the same surgeon and followed up at six
weeks, twelve weeks, six months, one year and then yearly.
The patients and radiographs were analysed for epidemiological parameters, cervical lordotic angle and changes in
European myelopathy score (EMS).
Results: The analysis consisted of 37 (28 males and 9 females) individuals, both males and females. The average
age of study was 68±8.3 years. The functionally normal cervical lordotic angle of 23.02±4.19 degrees was maintained
in patients operated with lateral mass screw fixations along
with laminectomy. The EMS score showed significant
improvement in postoperative versus preoperative stage
(15.7 versus 13.6, p<0.05). There were three patients having
postoperative C5 palsy which recovered completely within
three months. There was no complication encountered at
final follow up with regard to redo surgeries, worsening of
neurology or progressive cervical kyphosis.
Conclusion: Posterior cervical lateral mass screw fixation
is important after decompression procedures to maintain
functionally normal cervical lordosis. Fixation along with
decompression should be encouraged simultaneously in
order to prevent postoperative progressive kyphotic deformity of cervical spine.

Reverse Pyramid of Vertebral Osteomyelitis
in the Developing World
Ashima Jain Vidyarthi, Neha Gupta, Sudhir Dubey,
Karanjit Narang
Infectious Diseases, Medanta, The Medicity, Gurgaon, India

Aims: Native vertebral osteomyelitis (NVO) is an uncom-

mon but challenging infectious diseases (ID) syndrome.
Pyogenic NVO is often misdiagnosed and results in significant morbidity and mortality. We present the clinical
profile, etiology and outcome of patients with pyogenic
NVO in a tertiary care centre in Northern India.
Methods: A prospective study was conducted from October 2013 to March 2017. Patients diagnosed with NVO
based on clinical symptoms, magnetic resonance imaging
(MRI), histopathology and/or microbiological criteria
were included in the study.
Results: A total of 50 NVO patients were referred to ID
during the study period. Pyogenic NVO included 10
patients of the total 50 NVO cases. Prior risk factors included complicated urinary tract infection (UTI), skin
and soft tissue abscesses & empyema. Blood cultures
were positive in 3 patients and was negative in 1 patient.
However, blood cultures were not done in 6 cases as these
patients to ID later. Image guided biopsy was performed
in all the 10 patients and histopathological and microbiological tests were done. Computed tomography guided
biopsy/intraoperative specimen was culture positive in 8
of the 10 patients. Pyogenic NVO included patients due
to Extended-spectrum beta-lactamase (ESBL) E. coli (4),
methicillin sensitive S. aureus (MSSA) (3) and ommunityacquired methicillin-resistant Staphylococcus aureus
(CA-MRSA) (1). 2 cases were culture negative. All of the
10 pyogenic NVO were treated as TB NVO elsewhere and
were later referred to ID for nonresponse. Antibiotic therapy was given for a duration of 12 weeks for the Gramnegative NVO and CA-MRSA NVO and for 6 weeks for
the MSSA NVO. Successful outcome was observed in 7
(70%) cases of pyogenic NVO. However, 1 patient expired
during treatment due to acute coronary syndrome and 2
patients were lost to follow up.
Conclusion: NVO is challenging to diagnose. Though TB
is most common cause of NVO in India, pyogenic NVO
is also a significant problem which is often misdiagnosed
and mismanaged as TB. Hence, detailed history with
clinical suspicion of pyogenic NVO, with history of prior
risk factors, image-guided or intraoperative aspiration
or biopsy with appropriate cultures and DST should be
considered whenever possible for an early diagnosis and
successful outcome.
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Revision Fusion Surgery in Thoracolumbar
Spine Using Newly Developed Revision Rod
Device
Kyu Jung Cho
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Sacral Ewings Tumor: Use of Neoadjuvant
Chemotherapy as a Preoperative Cytoreduction
Venkata Ramakrishna Tukkapuram
Neurosurgery, Sakra World Hospital, Banglore, India

Department of Orthopedics, Inha University Hospital, Incheon, Korea

Aims: Revision fusion surgery above or below previous
fusion is increasing due to late complications such as adjacent segment disease. To avoid removal of previous rods
and reinsertion of longer rods, revision rod device system
that extends instrumentation connecting the previous
device without removal of rods has been developed. The
aim of this study is to analyze the radiological and clinical
results of revision fusion surgery using newly developed
revision rod device.
Methods: We reviewed 21 patients who underwent revision fusion surgery with a minimum 1 year follow up in
two university hospitals. The reasons of revision surgery
were adjacent segment disease in 16 patients, thoracolumbar fracture in 4 patients, and yellow ligament ossification
in 1 patient. Cobb angle within the revision segments,
lumbar lordosis, T5–12 kyphosis, proximal junctional kyphosis angle and union rate were evaluated. Oswestry disability index (ODI) and visual analogue scale (VAS) were
evaluated as clinical outcomes.
Results: Kyphotic angle within revision segments in 3
cases of thoracic spine was improved from 11.67°±4.99°
to 9.55°±6.08° at the final follow up. Lordotic angle within
revision segments in case of 18 lumbar spine was improved from 9.85°±8.76° to 10.22°±7.75° at the final follow
up. The interbody fusion was performed in 9 cases and
union was achieved in all cases. The posterolateral fusion
was performed in 21 cases and nonunion was found in 1
case. The complication was identified in 1 case of T9 burst
fracture. The mean ODI was improved from 54.64±12.22
to 29.79±16.53 at the final follow up. The mean VAS of
back pain and lower leg radiating pain was improved
from 5.00±1.72 and, 6.38±2.01 to 2.95±1.63 and 2.85±2.17,
respectively.
Conclusion: Newly developed revision rod device showed
successful clinical and radiologic results for revision surgery in thoracolumbar spine.

Aims: Sacral tumors mostly present with subtle symptoms
initially, such as localised mild pain in sacral region, but
once the tumour aggravates, radicular symptoms with
neurological deficits sets in, which includes bowel and
bladder disturbance in worst situations caused by S2 and
S3 nerve root involvement. Sacrectomy is done in malignant and wide spread tumors of which chordoma is the
most common sacral tumor. However, rare tumors such
as Ewing’s tumors (which are chemosensitive), need preoperative neo adjuvant chemotherapy in order to limit the
tumour extent thus decreasing the complications involved
with complete sacrectomy such as bowel and bladder incontinence and rectal injury.
Methods: We present a case of a 14 year old boy with
magnetic resonance imaging report suggesting chordoma.
Frozen section biopsy was done due to the extensive nature of tumor in order to prevent complications secondary
to sacrectomy. Frozen section was suggestive of round cell
tumour. Hence 6 cycles of ifosfamide and etoposide was
given for 6 weeks and later, the partial sacrectomy was
done by monitoring evoked potentials electromyogram
(EMG) once the tumour shrunk (80%).
Results: The patient recovered well without neurological
deficits and bowel and bladder incontinence.
Conclusion: Preoperative neo adjuvant chemotherapy helps
in minimizing the complications of surgery by shrinking
the chemo-sensitive tumors thereby reducing the limit of
resection. We recommend regular frozen section biopsies
of all suspicious tumors to plan appropriate therapy.

Safety of Instrumentation in Tuberculosis of
Spine, Wet Lesions
Alok Rai, Saurabh Singh, Sanjay Yadav
Orthopaedics, Institute Of Medical Sciences BHU, Varanasi, India

Aims: Treatment of tuberculosis of spine has various modalities ranging from medical to various surgical form
including just drainage of pus to only decompression and
decompression with instrumentation. The goals of sur-
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gery include radical debridement of the infective focus.
In some cases, when surgery causes mechanical spinal instability, the question arises whether the risk of recurrent
infection outweighs the benefits of spinal instrumentation
and stabilization. Instrumentation helps in preventing
progression of kyphosis and helps in maintaining the
achieved correction.
Methods: 40 cases of both sex with spinal tuberculosis with
instrumentation were reviewed retrospectivelly. Patients
with medically managed disease and those who did not receive instrumentation were eliminated from this review. At
least 30 cases have minimum follow up of one year. Distribution of disease was in all segments of vertebral column
cervical, dorsal lumbar. Anterior decompression was done
with autologous bone grafting and instrumentation.
Results: Result was analyzed clinically and radiologically
in form of neurological improvement, correction of kyphosis, maintainance of correction. All patient with wet
lesion showed neurological improvement and showed
no or very minimal progression of kyphosis. None of the
patient showed hardware failure, deep infection, wound
infection, no patient required hardware revision.
Conclusion: Instrumentation of the spine is safe and has an
important role in stabilization of the tuberculosis of spine.
Despite the presence of active infection, instrumentation
after radical debridement will not increase the risk of recurrent infection. In fact, greater benefit can be achieved
through spinal stabilization, which can even promote accelerated healing and avoids progression of kyphosis.

Selection of Surgical Approach in Spinal
Tuberculosis-Experience of 621 Case
Shah Alam, Rezaul Karim, Sharif Ahmed Jonayed,
Anisur Rahman, Hasan Khalid Md Munir,
Abul Kalam Azad, Nur Alam, Abdullah Al Mamun,
Sarwar Jahan, Shubhendu Chakraborty,
Tashfique Nahiyan Alam
Spine & Orthopaedics, National Institute of Traumatolog y &
Orthopaedic Rehabilitation (NITOR), Dhaka, Bangladesh

Aims: Tuberculosis of the spine is a common form of
tuberculosis (TB) infection for 50% to 60% of osseous tuberculosis. Although uncommon, spinal TB still occurs in
both developed and developing countries. The diagnosis
of spinal tuberculosis is difficult and it commonly presents
at an advanced stage. Delays in establishing diagnosis and

management result in complications such as spinal cord
compression and spinal deformity.
Methods: A total of 621 patients with tuberculosis of the
cervical, thoracic and lumbar spine with moderate to
severe cord compression were studied. Variable degrees
of neurological deficit with deformity were treated from
January, 2003 to July, 2016. Thoracotomy along with
anterolateral decompression and autogenous strut bone
grafting with simultaneous fixation by screws and rods
were done in 113 cases. Posterior decompression, posterior interbody and posterolateral fusion by bone graft with
stabilization by transpedicular screws and rods were done
in the remaining 508 cases. Appropriate anti TB drugs
were given to all patients for 12–18 months. The followup period was 3 months to 10 years.
Results: The average age was 47 years (range, 9–85 years).
All patients survived surgery. There were 8 cases of superficial infections (1.2%) whilst there were 5 cases (0.7%)
of deep infections. Revision surgery was performed in 6
patients (1.0%). Implant failure occurred in 5 cases (0.7%)
whilst malposition of screws occurred in 13 cases (2.1%).
Perioperative bleeding complications were reported for 4
patients (0.7%). Neurological improvement occurred in
all patients except for 2 cases (0.3%). Preoperatively, the
majority of patients (n=229, 37%) were classified with
Class A on the American Spinal Injury Association (ASIS)
neurological impairment scale. This was significantly reduced postoperatively to 0.3%.
Conclusion: For patients with spinal tuberculosis anterior
debridement, auto graft bone fusion, anterior or posterior
fixation appears to be effective in arresting disease, correcting kyphotic deformity and maintaining correction
until solid spinal fusion.

Severe Rigid Kyphoscoliosis in Kids? Getting
Them Straight Safely! Clinico Radiological
Efficacy of Apical Spinal Osteotomy in 32
Paediatric Cases over Mid-term Follow Up
Ankit Patel, Vishal Kundnani, Tarun Dusad,
Gaurav Mehta, Mahendra Singh Tax
Spine Surgery, Bombay Hospital & Medical Research Centre, Mumbai,
India

Aims: Current surgical options for pediatric severe-rigid
Kyphoscoliosis involves an array of complex surgeries
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with substantial operative hours, blood loss & morbidity.
Apical spinal osteotomy (ASO) gives excellent 3D deformity correction at apex with definitive advantages. Aim
was to evaluate clinico-radiological efficacy of ASO in
management of pediatric severe (>50°) rigid kyphoscoliosis due to varied etiologies.
Methods: 32 patients (<12 years) with fixed Thoracolumbar Kyphoscoliosis and having sagittal imbalance were
operated with ASO. Clinico-radiographic & intraoperative parameters documented. Sagittal balance-sagittal vertical axis (SVA) & kyphosis, scoliosis Cobb’s angles, were
evaluated periodically.
Results: 26 Patients (mean age 9) of 32 who underwent
ASO (mean surgery time [MST]=244 minutes; blood
loss=337 mL; length of stay [LOS]=8 days) for varied
etiologies (Congenital=8, Post tuberculosis=7, Neurofibromatosis=5, Post traumatic=3, Scheuermann’s kyphosis=1, Adolescent Idiopathic Kypho-Scoliosis=2) satisfied
minimum follow-up of 24 months and were included.
Average kyphotic angle improved significantly from 96.50
to 30.70, average correction 68.57%. At last follow-up, avg
kyphosis was 350 (mean correction 64.15%). Scoliosis
angle improved significantly from 52.50 to 15.760, average
correction 68.79%. At last follow-up, avg scoliosis angle
was 19.420 (mean correction 60.95%). Sagittal plane balance significantly improved (Pre/Post SVA=7.59/3.94 cm).
Preoperatively, 9 patients had neurological deficits (Frankel C-5, B-3; A-1), with Frankel E in 17 patients which
improved significantly at last follow-up (E-22, D-2, B-1,
A-1). 1 patient developed new-onset Frankel A, which
failed to recover at last follow-up. Significant improvement in the Oswestry disability index/visual analogue
scale scores noted. Complications included neurological
deterioration-2 cases, dural tear-2, superficial infection-1
and implant failure-1 case which needed revision.
Conclusion: Satisfactory correction can be safely performed by Apical Spinal Osteotomy with a direct visualization of the circumferentially decompressed spinal cord.
This technique is versatile and useful for the reliable and
safe correction of rigid kyphoscoliosis of varied etiologies,
the treatment of which to date has proved to be extremely
difficult and hazardous even in experienced hands.
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Spontaneous Spinal Epidural Haematoma
Due to Clopidogrel: A Case Study and Review
of Literature
Aashish Ghodke, Aashish Ghodke, Rahul Chaudhari,
Sagar Kelkar
Spine, Apollo Hospitals, Navi Mumbai, Nashik, India

Aims: Cases of Spinal Epidural Hematoma without trauma
or other mechanical insult are defined as spontaneous spinal epidural hematoma (SSEH). SSEH is an uncommon
neurological emergency which can present with the features ranging from simple back pain with radiculopathy
to complete paraplegia or quadriplegia depending on the
site and severity of the compression. SSEH associated with
anti-platelet drugs is rarely seen and there are less than 10
cases of clopidogrel induced SSEH being reported in the
literature. We hereby report a case of clopidogrel induced
SSEH and discuss what literature has to say on anticoagulant induced SSEH.
Methods: We report a case of SSEH in a 76-year-old
hypertensive female who was on Clopidogrel post angioplasty done 1 year back and presented with sudden
onset paraplegia preceded by severe back bain. Magnetic
resonance imaging was done which revealed a space occupying lesion at D9–D10 level, suggestive of an epidural
haematoma. Emergent decompressive laminectomy was
done within 8 hours of the presentation with excellent
clinical outcome.
Results: Patient underwent emergency Decompressive
Laminectomy from D9 to D11 level and evacuation of an
extradural space occupying lesion, which was later histologically proven to be a hematoma. After surgery there
was a significant sensory recovery, 1 week after surgery
her weakness improved with muscle power of hip and
knee flexors was 3/5 and 1 month postoperatively, she
could walk without any assistance.
Conclusion: SSEH is a rare neurosurgical emergency and
with the growing trend of anti-platelet prescriptions for
prophylactic use, clinicians should be aware of this serious complication especially when other risk factors like
uncontrolled hypertension are present. Correct diagnosis
and urgent decompressive surgery with evacuation of the
hematoma is imperative for successful recovery if severe
neurological deterioration is present.
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Stability of Unilateral Transarticular Screw
Fixation of Reducible Atlanto-Axial Dissociation
Venkata Ramakrishna Tukkapuram,
Sibhi Ganapathy, Satish Rudrappa
Neurosurgery, Sakra World Hospital, Banglore, India

Aims: Bilateral transarticular screw fixation has been
considered as the strongest and most stable construct for
fusing the atlas and the axis vertebra. Its use has been considered the treatment of choice for reducible atlanto-axial
dissociation ever since proposed by Magerl in 1963. We
present a variety of case series of patients with rheumatoid
arthritis (RA), trauma and osteoarthritis of C1–C2 where
unilateral transarticular screw with sublaminar wiring
with inlay bonegraft for reducible Atlanto Axial dissociation was done.
Methods: 35 patients of reducible Atlanto axial dissociation were treated with unilateral transarticular screw
placement over a period of 6 years. They were followed
up for a year after surgery with regular X-rays and clinical examinations. We started unilateral fixation after cases
of vertebral artery injury in which, the follow up of these
cases with unilateral approach has given good results.
Results: No implant failure was present. No vertebral artery injury was noted despite some patients having abnormal vertebral artery V3 segment anatomy. All the patients
were pain free with stable constructs leading normal lives.
Conclusion: Unilateral transarticular screw fusion is a
reliable and useful technique for reducible atlanto-axial
dislocation with an advantage of not endangering the opposite side vertebral artery, especially in anomalous cases,
yet not compromising on stability.

Superior Cluneal Nerve Injury Causing Severe
Donor Site Pain
Warat Tassanawipas
Orthopaedics, Army Hospital, Rajthevee, bangkok, Thailand

Aims: Posterior bone graft harvesting may cause donor
site pain especially when superior cluneal Nerve is injured. This neuropathic pain will burden patient after
surgery and bring severe pain and unsatisfactory results.
To avoid this superior cluneal in nerve injury is mandatory and understanding of anatomical course of this nerve

is necessary. To determine and measure and demonstrate
the course of superior cluneal nerve in cadavers in relation to midline and posterior superior iliac spine (PSIS)
for the safe zone of havesting autogenous bone graft.
Methods: Eighteen Cadavers were use and dissected
through posterior midline and the superior cluneal nerve
were identified and measured the course and distance between midline and PSIS.
Results: The distance from the medial branch nerve to the
Midline and PSIS were 70.1±5.0 mm and 53.4±5.6 mm,
respectively. These distance are not related to the body
height and the width of pelvis.
Conclusion: We recommend the safe zone for avoiding
the superior cluneal nerve should not be 70 mm from the
Midline and 50 mm from the PSIS.

Surgeon, Staff, and Patient Radiation Exposure
in Minimally Invasive Transforaminal Lumbar
Interbody Fusion: Impact of 3D CBCT-Based
Navigation in Comparison to Conventional
Fluoroscopy Aided Technique. Are We Reducing Enough?
Ankit Patel, Arvind Kulkarni
Spine Surgery, Bombay Hospital & Medical Research Centre, Mumbai,
India

Aims: Symptomatic unstable degenerative conditions of
lumbar spine are treated with spinal fusion if conservative
treatment fails. The minimal access technique of Transforaminal lumbar interbody fusion (MIS TLIF) is increasingly used but has been found to generate increased radiation exposure to the patient and surgeon-staff. Modern
3D C-arm devices are capable of providing conventional
2D fluoroscopic images as well as 3D image sets for intraoperative navigation. This study was designed to compare
the radiation exposure between these two intraoperative
imaging techniques in MIS TLIF.
Methods: Retrospective analysis of prospectively collected
data. Forty-seven patients operated for single-level MIS
TLIF (2011-17) were allocated to one of two groups with
respect to the applied intra-operative imaging technique:
conventional fluoroscopy (FLUORO group) and 3D
Cone-beam computed tomography based navigation (3DNAV group). 36 patients were in FLUORO and 11 in the
3D-NAV group. Radiation exposure was measured from
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the time of positioning of the patient to the end of the
procedure both for navigated and Fluoro-aided freehand
instrumentations. Endpoint being radiation exposure to
the surgeon and was measured by numerical exposure
readings directly from the Arcadis Orbic 3D c-arm.
Results: Accumulated radiation exposure for surgeon was
significantly higher in FLUORO group, up to 1.84 times
(30.72 vs 57.57) (p<0.001). The radiation exposure to the
patient was higher with the 3D NAV technique 108 vs.
57.57 (FLUORO) reaching a statistically significant level
while Surgeon-Staff receiving only 28.44% of the total radiation generated in the OR.
Conclusion: Intraoperative 3D-cone-beam CT navigation
for MIS TLIF is technically feasible and reliable with reasonable set-up time. It helps surgeon-staff to escape harmful radiation to a significant level with added advantage of
increased accuracy aided by Multi-planar reconstruction
(MPR) in all three axes (Axial, coronal, Sagittal). Further
reduction is cumulative radiation exposure is possible
along the learning curve as seen by the trends in early
data.

The Biomimetic Cervical Disc Prosthesis
Intermediate Term Clinical Results
Ismail Oltulu, Mehmet Aydogan, Seckin Sari,
Gursel Saka, Mustafa Tekkesin, Ali Ender Ofluoglu
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netic resonance imaging scans, and postoperative standard and dynamic X-rays done for all patients. Radiological disc height, range of motion and segmental lordosis
were measured. Clinical outcomes evaluated with neck
disability index (NDI), visual analog scale (VAS) and SF36 survey.
Results: The mean age 37.5 years (27–49 years). The average follow up was 29.5 months (range, 24–36 months).
According the segmental and cervical spinal measurements, the range of flexion and extension improved 4.22°
to 8.66°, segmental lordosis improved 2° to 6.22° and disk
heights were changed from 2.2 to 2.9 mm first cranial
segment, from 2 to 3 mm first caudal segment, from 2 to
4.6 mm at operated segment in last follow up. Results of
NDI, VAS, and SF-36 scores are significantly improved.
3 patients had disfagia and 2 patients dysphonia both
5 patients symptoms resolve in one week with medical
treatment by the follow up no heterotypic ossification and
implant failure had seen.
Conclusion: Most of old generation disc prosthesis could
not provides normal visco-elastical structure of the normal disc. More than 24 months follow up results of next
generation disc prosthesis shows improvement of cervical
pain, protection of cervical motion and the disc height
with lower incidence of the complication when compared
with old generation constrained and semi-constrained
disc prosthesis.

Orthopaedic, Bosphourus, Istanbul, Turkey

Aims: From the first generation ball-socket metal prosthesis to constrained, semi constrained implants new type of
prosthesis search had begun because of the complications,
especially heterotophic ossification, and failure of the implants. The major aim is mimicking the natural structure
and the motion ability of the cervical disc. In accordance
with this propose biomimetic (M6–C) disc prosthesis was
designed. The new generation cervical disk prosthesis represents of unconstrained implants, developed to achieve
better restoration of natural segmental biomechanics.
Here we report our clinical results of patients who treated
with new-generation biomimetic disc arthroplasty (M6–
C) due to degenerative disc disease.
Methods: Totally 16 patients (12 man and 4 female) 20
cervical dics levels replace with disc prostehesis between
2013–2015 were evaluated retrospectively. Preop neutral
and dynamic X-rays, computed tomography (CT), mag-

The Incidence and Risk Factors of Dysphagia
after Cervical Spine Surgery
Kuang Ting Yeh, Wen Tien Wu, Ing Ho Chen,
Tzai Chiu Yu, Chia Ming Chang, Cheng Huan Peng,
Kuan Lin Liu, Ru Ping Lee, Jen Hung Wang
Department Orthopedic, Hualien Tzu Chi Medical Center, Hualien,
Taiwan

Aims: Dysphagia is a known complication of cervical
surgery and may be prolonged or occasionally serious.
Many factors have been associated with an increased risk
of swallowing difficulties. The objective of our study was
to evaluate the incidence and define potential risk factors
associated with the development of dysphagia following
cervical surgery. The results may help us to decrease the
incidence of postoperative dysphagia.
Methods: This is a retrospective study. The patients who
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received surgery of ACDF alone, laminoplasty alone, or
combined laminoplasty and ACDF due to degeneration
were included. The presence and duration of postoperative dysphagia were recorded via face-to-face questioning
or telephone interview performed at least 1 month after
the procedure. Patients were directly asked about subjective dysphagia (yes/no), and administered a dysphagia
numeric rating scale (range, 0–10). Plain cervical radiographs before and after surgery were collected. Multiple
linear regression analysis was used to determine the effect
of the risk factors including age, gender, BMI, operative
time, surgical level, number of surgical levels, approach
(anterior, posterior, or combination), and radiographic
parameters (C0–C2 angle, C2–C7 angle, pharyngeal tilt
angle, diameter of ororpharyngeal airway space… etc.).
Results: These results indicate that postoperative dysphagia is associated with change in angular alignment. Controlling for other factors that may be related to dysphagia,
including age, body mass index, and number of surgical
levels, levels, the change in angular alignment and operative time were associated with dysphagia.
Conclusion: On the basis of these results, we recommend
that the surgeons counsel the patients who have more risk
factors about the possibility of increased postoperative
dysphagia.

The Zero Profile Two Hole PEEK Interbody
Device with Autologus Osteophytes: A Novel
Technique in Anterior Cervical Discectomy
and Fusion and Its Outcome
Nikunj Godhani, Swaroop Gopal, Venkatramakrishna
Tukkapuram, Sibhi Ganapathy, Satish Rudrappa
Neurosurgery, SAkra World Hospital, Ahmedabad, India

Aims: Patient’s dissatisfaction with donor site morbidity
has led to the search for alternative grafting options and
techniques. Recent research of osteophytes naturally carrying the stem cells with osteogenic potential led us to use
them as filler into the interbody devices which avoids separate donor site incision. The aim of this paper is to show
our method of using local osteophytes with zero profile
two hole poly ether ether ketone (PEEK) interbody device
in anterior cervical discectomy and fusion (ACDF) and to
study its fusion rate.
Methods: Study recruited 27 patients presented with cer-

vical myelopathy, radiculopathy & radiculo-myelopathy
and operated for anterior cervical discectomy and Fusion
(ACDF) at Sakra world hospital, Bangalore, between 2014
and 2015. During surgical procedure we used anterior and
posterior osteophytic bone along with bone pieces procured from exposed vertebral body to fill the zero profile
two hole PEEK device. Separate donor site incision could
be avoided. Study assessed Preoperative and postoperative
radiographs to calculate the interbody bony fusion rate.
Results: Age of the patients ranged from 30 to 65 years.
There were 23 male and 4 female patients. The mean
follow-up time was 14 months in the present cohort .All
27 patients showed solid fusion on follow up radiographic
study. None of them show any device related complications.
Conclusion: In a retrospective study of 27 patients receiving ACDF with zero profile two hole PEEK interbody
device with autologus osteophytes, all patients achieved
solid bony fusion and no patients showed implant failure.
Autologous osteophytes with a PEEK cage appears to be a
safe alternative to the iliac bone graft in ACDF with Superior fusion rate and at the same time avoiding morbidities
related to separate graft donor site.

Thoracolumbar Tubercular Spondylodiscitis:
Evaluation of Single Stage Posterior Surgical
Approach
Asraf Ul Matin
Orthopaedic Surgery, Shahid Nagar Trauma Center, Comilla,
Bangladesh

Aims: Spinal involvement occurs in less than 1% of patients with tuberculosis but the increasing frequency of
TB in both developed and developing countries have continued to make spinal tuberculosis (TB) a health problem.
Adequate early pharmacological treatment can prevent severe complications. Surgical management is needed along
with antitubercular therapy (ATT) if there is no significant recovery. Approach for surgical treatment of thoracolumbar tuberculosis is always controversial. Traditionally,
the anterior approach has been preferred throughout the
spine. Posterior approach has gained popularity in the last
decade as it provides excellent exposure for circumferential spinal cord decompression and also allows posterior
instrumentation to be extended for multiple levels, above
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and below the level of pathology.
Methods: This is a prospective random experimental type
of study. A total of 16 patients aged 18–46 years irrespective of sex were included in the study. The average age was
28.12 years. 56.3% patients were female and 43.8% male.
Maximum 62.5% were dorsal followed by lumbar 25% and
dorsolumbar 12.5%. We performed posterior decompression, stabilization & fusion in a single stage procedure.
Results: Preoperative mean kyphotic deformity was 23.120
(range, 850–50), which declined to 50 (range, 200–00)
postoperatively. Preoperatively there was only 1 patient
with American Spinal Injury Association (ASIA) score E,
Postoperatively 9 patients achieved score E. Most clinical
presentations were pain 81.3%, gibbus 75%, paraplegia
75%, weakness 25% and kyphoscoliosis 12.5% had significant clinico-radiological improvement. Maximum 62.5%
patients achieved posterior bony fusion grade I, 31.3%
grade II and 6.3% had fusion grade III. 75% patients had
excellent outcome, 12.5% good, 6.3% fair and 6.3% poor
outcome on Modified Macnab criteria.
Conclusion: Single stage posterior surgery can be a dimension to achieve satisfactory clinical outcomes in patients
with thoracolumbar TB spondylodicitis.

Analysis of Clinico-Radiological Outcome
after Transpedicular Intracorpoeal Bone
Grafting with Posterior Decompression and
Interlaminar Fusion after Short Segment
Pedicle Screw Fixation in Thoracolumbar
Fractures with Neurological Deficits
Dhruv Sharma
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Exclusion criteria were: stable thoracolumbar injuries, Osteoporotic fractures, traumatic spondylolisthesis. Neurological status was recorded using American Spinal Injury
Association (ASIA) score. Pain and disability was assessed
using Denis et al pain scale and work scale.
Results: Patients being operated with transpedicular intracorporeal bone grafting with posterior decompression
and inter laminar fusion after short segment pedicle screw
fixation. L1 vertebra was the most commonly fractured
vertebra in the study groups (33%), followed by D12
vertebra (24%). ASIA score: preoperatively, 4 (20%) patients had complete injury (grade A), 7 (35%) patient had
incomplete grade B injury, 5 (25%) patients had incomplete grade C injury and 4 (20%) patients had incomplete
grade D injury. Out of these 7 (35%) patients recovered
completely with grade E score at 3 months follow up. Out
of 4 patients with complete neurological deficit nobody
recovered at all at 3months follow up. Grades of none of
the patients deteriorated after the operation. The changes
in neurological status at 3 month follow up was statistically significant (p<0.001) in comparison to preoperative
neurological status.
Conclusion: Out of 20 patients who were disabled due to
injury, only 2 (10%) patients returned to full time previous work, while 5 (25%) patients couldn’t return to full
time work and were mobilized on the wheelchair. Preoperatively 8 (40%) patients had severe pain due to injury
while rest had moderate to severe pain. At 3 months of
follow up, 10 (50%) patients had no pain and none of
the patients had moderate/severe pain/requiring chronic
absent from the work due to pain. 8 (40%) patients had
occasional pain, not requiring medications and 2 (10%)
patients had to take occasional medication for the pain

Orthopedics, BPS GMC Khanpur Kalan Sonepat, Haryana, Sonepat,
Haryana, India

Aims: Neurological deficits occurs in approximately 15%
to 20% of thoracolumbar fractures and dislocations. The
treatment of thoracolumbar trauma, however, continues
to be one of the most controversial areas in the spine trauma care despite the high incidence of these injuries and
extensive published research.
Methods: This prospective study was done in 20 patients
with traumatic thoracolumbar fractures with neurological deficits. Patients included in the study were cases of
thoracolumbar vertebral fractures with neurological deficits within 3 weeks of injury, patients aged 15–60 years.

The Comperative Result of Surgical Need
after Transcaudal Epidural Steroid Injection
between Degenerative Lumbar Spinal
Stenosis with and without Instability: 4 Years
Retrospective Study
Roongrath Chitragran
Orthopaedics, Phramongkutklao College of Medicine, Bangkok,
Thailand

Aims: Degenerative lumbar spinal stenosis (DLSS) is a
spinal disease that the patients present with back pain, leg
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pain, neurogenic claudication and neurological deficit.
Nonoperative treatment such as medication, rehabilitation
and epidural steroid injection were demonstrated improve
patient symptoms, quality of life and lowering rate of operation. The authors undertook this study to comparative
effectiveness of transcaudal epidural injection in term of
lowering operation rate between DLSS patients with and
without instability.
Methods: Materials and Methods: Medical record of patients who underwent transcaudal epidural steroid injection from June 2009–May 2013 was reviewed. Patients
with the diagnosis of degenerative lumbar spinal stenosis
with and without spondylolisthesis were included. Patients with other diagnosis were excluded. Sex, age, rate of
operation and time to operate after transcaudal epidural
steroid injection between two groups of patients were
compared.
Results: 746 transcaudal epidural steroid injections
(CESI) were done since June 2009–May 2013 (655 in 414
degenerative lumbar spinal stenosis with and without
spondylolisthesis patients, 91 in75 patients with the other
diagnosis). 372 CESI were done in 268 DLSS without
spondylolisthesis (120 male, 148 female, median age=64
year) and 283 CESI in 146 DLSS with spondylolisthesis
(36 male, 110 female, median age=66 year). 17 patients
in DLSS without spondylolisthesis group were operated
(6.34%) and 30 patients in DLSS with spondylolisthesis
group were operated (20.55%). DLSS with spondylolisthesis have female sex predominantly significant than DLSS
without spondylolisthesis (p<0.001). Rate of operation
after CESI was highly significant in DLSS with spondylolisthesis group than DLSS without spondylolisthesis
(p<0.001). Median time to operate after last CESI was not
significant difference (p=0.781).
Conclusion: CESI was effectiveness for treatment DLSS
with and without instability in term of operation rate
reduction .The operation rate was high in DLSS with instability. This result suggest that DLSS patients without
instability will successful treatment with CESI than DLSS
patients with instability.

Transdural Herniation of Lumbar Intervertebral
Disc with Cauda Equina Syndrome: A Rare
Case Report
Ashok Reddy Pedaballe, Vikas Tandon, Arun Sharma,
Harvinder singh Chhabra
Spine Services, Indian Spinal Injuries Centre, Delhi, India

Aims: Herniation of the lumbar disc Intra durally are
rare with average incidence of 0.3% and have been well
reported in the literature. But transdural migration of the
disc penetrating both ventral and dorsal dura is very rare
and to the best knowledge of authors only one case has
been reported till now. Our aim is to report one such case
discussing the difficulties of diagnosis/surgical technique
and results.
Methods: A 30 years female with h/o chronic back pain,
bilateral lower limb claudication pain and acute onset of
bladder symptoms for past 2 days. She was evaluated clinically, magnetic resonance imaging (MRI) and urodynamic
study (UDS) were done which confirmed the diagnosis as
L4–L5 disc herniation with cauda equina syndrome. Taken up for emergency surgery. L4 laminectomy was done
and to our surprise we noticed defect in the dorsal dura
with discogenic material herniating from it and could not
find any disc material in the epidural space. Realized soon
as it as transdural herniation, neurosurgeon was called for
help. Under the microscope dural tear was extended by
durotomy, large extruded disc material extending through
the rent in the ventral dura noted, cauda equina rootlets
isolated and discectomy done. But still the pressure over
the rootlets at that level was not completely relieved. On
further exploration a large osteophyte complex was noted,
which was chiseled out transdurally. Both dorsal and ventral dura sutured and L4–L5 transforaminal lumbar interbody fusion done as usually. Postoperative period was
uneventful.
Results: At 6 months follow up patient improved in bladder function and is able to self-void and intact neurology.
Conclusion: Trandural herniation of disc is very rare presentation and could be diagnosed preoperatively by MRI
only if read with suspicion of such presentation. Can be
effectively managed with laminectomy, extension of durotomy, discectomy and repair of both dorsal and ventral
dura.

Asian Spine Journal
Utility of Fusion Surgery in Patients with
Lumbar Spondylolisthesis & Their Outcome
Md Shah Alam, Md Rezaul Karim,
Sharif Ahmed Jonayed, Anisur Rahman,
Hasan Khalid Md Munir, Abul Kalam Azad,
Abdullah Al Mamun, Sarwar Jahan, Nur Alam,
Shubhendu Chakraborty, Tashfique Nahiyan Alam
Spine & Orthopaedics, National Institute of Traumatolog y &
Orthopaedic Rehabilitation (NITOR), Dhaka, Bangladesh

Aims: Spondylolisthesis refers to slip of one vertebral body
over the one below. Mild to moderate symptoms are initially treated by conservative means such as nonsteroidal
anti-inflammatory drugs, epidural injections, physiotherapy & so on. But once patient suffers from severe neurological symptoms like intermittent claudication or vesicorectal disorder due to spinal stenosis, it leads the patients
to experience surgical procedures. There is no uniform
agreement among surgeons about the optimal treatment.
But our experience along with several high quality studies
indicate that surgery provides better clinical outcome for
spondylolisthesis & that fusion provides better outcome
than decompression alone which also results a safety profile.
Methods: A prospective study was designed over 98
patients who had lumbar spondylolisthesis with severe
neurological symptoms. The study time was from January
2003 to November 2015 in National Institute of Traumatology & Orthopaedic Rehabilitation & BSOH, Dhaka.
We selected the patients for surgery depending on two
major criteria: The patient has clinically important & significant pain or neurological symptoms. The patient has
not shown sufficient clinical improvement despite conservative care at least for 3 months. But we tried to manage
those having significant osteoporosis & infection through
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conservative treatment despite fulfilling the above criteria.
Our choice of surgery was transforaminal lumbar interbody fusion for each patient. The steps included laminectomy, insertion of cage in the disc space, interbody chips
bone graft surrounding the cage & posterolateral bone
grafting with fixation of spine by transpedicular screws &
rods. Total follow up time was 11 years & the minimum
follow up time 1 year. Evaluation of the patients was done
comparing their pre & postoperative states which included clinical evaluation, X-ray showing gradual fusion with
special investigation including computed tomography
scan & magnetic resonance imaging.
Results: 98 patients (female, 61 & male, 37) with average age of 42 years (range, 9–76 years.) having lumbar
spondylolisthesis with severe neurological symptoms met
the inclusion criteria. Among the patients, 59 had osteoarthritis. Total follow up time was 11 years & minimum 6
months. The potential side effects included bleeding, postoperative infection, nonunion, residual deformity with
spinal stenosis & malposition of screws & rods. The mean
anterior slip was 26.1% (range, 0–50%) prior to surgery &
24.8% at the final follow up. The longer was the duration
of preoperative insult to the spinal cord or nerve root, the
slower was the rate of recovery. According to these, the
excellent outcome was seen in 69 patients (84% of cases),
fair result was seen in 4 (5%), good in 5 (6%) & poor result in 4 (5%) cases. Nonunion after surgery was observed
in 3 patients. The Oswestry disability index scores averages 11.1% (range, 0–62).
Conclusion: Though surgical procedures can not confirm
lifelong recovery of the patients with symptoms, but does
ensure a better & comfortable lifestyle with potential improvement of leg symptoms in case of spondylolisthesis.
Inspite successful fusion is achieved, better outcome will
be ensured if any kind of activity that may overload the
back is avoided.

