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Abstract
Background: To evaluate the e�cacy of debridement and bone grafting using internal �xation in the treatment of kyphotic cervical
tuberculosis, and analyze the changes of pre-operation and post-operation sagittal parameters, which related to the surgical
indications.

Methods: Clinical and radiographic data of patients with kyphotic cervical TB treated by debridement and BGIF at our hospital from
January 2010 to December 2017 were analyzed retrospectively. The sagittal parameters of the cervical vertebra at the pre-
operation, post-operation, and last follow-up were documented and were compared.

Results: Eighteen patients of simple anterior approach debridement and fusion with internal �xation (group A), and 5 patients
underwent anterior debridement and fusion, combined with posterior internal �xation (group AP). In the comparison of preoperative
sagittal parameters, signi�cant improvement after surgery was observed in both groups, included Cobb angle, SCA, C2-C7SVA, and
CG-SVA (P < 0.05). There were no signi�cant differences in T1 Slope, NT, and TIA (P > 0.05).

Conclusions: In the treatment of kyphotic cervical TB, the characteristics of the lesion, the degree of kyphosis and spinal cord nerve
compression damage can be presented clearly by the radiographic sagittal parameters, which does a favor to individualize the
choice of surgical approach safely and effectively.

Background
Spinal tuberculosis (TB) is the most common type of osteoarticular TB, accounting for 50% of all skeletal TB [1, 2]. The incidence
of cervical TB is rare, approximately 4.2 – 12% of spinal TB [3–5]. However, the anatomical structure of the cervical vertebra is
complex, which is adjacent to important structures (such as medulla oblongata, cervical spinal cord, and cerebellum), and easily
form the compression symptom of posterior pharyngeal wall abscess. The abscess may spread to the surrounding tissues and
compresses the trachea, esophagus, and neck vessels, which caused neurological symptoms due to posterior compression of the
spinal cord by a cold abscess in some patients [6–10]. Mostly, the intervertebral disc is involved, then resulting in cervical
instability and spinal cord neurological dysfunction.

At present, comprehensive treatment, based on anti-TB (TB) chemotherapy, surgery, and nutritional support therapy, is usually used
for cervical spine TB [11–16]. Anti-TB chemotherapy is effective and practical in the early stage of TB. However, the early
symptoms of TB disease are too insidious to notice and are diagnosed until the middle or advanced stage [11, 12, 16]. Hence,
surgical intervention is required by patients with cervical deformity, neurological compression symptoms, and necrotic tissue,
which is caused by an abscess or drug resistance of anti-TB [17]. How to treat middle- and late-stage TB patients with cervical
kyphosis has become a huge challenge gradually for orthopedic surgeons.

It has been reported that the anterior approach or combined anterior and posterior approach debridement surgery is a practical
treatment for kyphotic cervical TB [18, 19]. Vertebral body reconstruction after debridement has become a di�cult problem of the
unique anatomy of the cervical spine. The choice of surgical approach is still controversial, which determines the options of
surgery to reconstruct the vertebral body. Via published articles [6–8, 18–21], few studies analyzed vertebral radiographic sagittal
parameters before and after surgery and combined the changes of cervical sagittal reconstruction with the assessment of the
patient's postoperative function recovery. For these, the purpose of this study was to evaluate the relationship between cervical
vertebral radiographic sagittal parameters and the patient's postoperative function recovery, assess the clinical e�cacy of the
anterior approach, and combined anterior and posterior approach vertebral debridement and bone grafting using internal �xation
(BGIF), and summarize the surgical indications.

Methods

Study design
From January 2010 to December 2017, the medical records and radiographs were evaluated retrospectively of all patients, whose
kyphotic cervical TB were treated by debridement and BGIF, after written informed consent from participates and approval from the
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Ethics Committee of our hospital were received. Inclusion criteria are as follows: the entire spine radiological indications (X-ray
radiography, CT, and MRI), and hematological and pathological examinations; typical clinical presentation (low-grade fever, pain,
night sweats, weight loss, kyphosis, and neurological dysfunction); managed by debridement and BGJF. Patients were excluded
because of incomplete medical records, poor compliance, other treatments were performed, or follow-up time less than two years.

The patients were divided into two groups according to the surgical approaches, simple anterior approach of debridement and
BGIF (group A), anterior debridement and bone grafting combined with the posterior approach of internal �xation (group AP). The
previous surgical and medical treatment, associated injury or diseases, the record of antimicrobial utilization, biopsy, or culture
results of secretions were recorded. The C-reactive protein (CRP) level, white blood cell (WBC) count, procalcitonin, erythrocyte
sedimentation rate (ESR), and T-SPOT were examined and documented.

Preoperative management
The surgery plan was drafted based on the anteroposterior and lateral radiographs, CT, and MRI �lms of the entire spine. Patients
were treated with the standardized anti-TB chemotherapy (isoniazid 300 mg, rifampicin 450 mg, ethambutol 1200 mg, and
pyrazinamide 1500 mg) for at least 2 weeks before surgery. Comorbidity (hypertension, diabetes, malnutrition, etc.) was controlled
effectively with goals of blood pressure less than 140/90 mmHg, blood glucose less than 11.0 mmol/L, and improved appetite.
When ESR and the physical temperature returned to normal, and anemia and hypoproteinemia were corrected completely, the
surgical procedure was ready to be performed. When the symptoms of spinal cord compression were worsened progressively
during anti-TB treatment, and emergency surgery was required.

Surgical technique

Group A
The patient was placed in the supine position. After the general anesthesia took effect, the cervical spine was hyperextended
slightly by padding a cotton pad under both shoulders, and the surgical area was disinfected and draped routinely. After X-ray
�uoroscopic positioning, an anterior right transverse incision length of about 4 cm was made on the right side of the anterior neck.
The skin, subcutaneous tissue, and platysma muscle were incised layer by layer to enter from the inner edge of the
sternocleidomastoid muscle, and the surrounding tissues were separated bluntly using a periosteal elevator. More attention should
be paid to protect the trachea, carotid artery, and throat wall, and the trachea and esophagus were retracted inward carefully. Then
the carotid sheath was retracted outwards, and the anterior fascia of the exposed vertebra was incised layer by layer to expose the
anterior aspect of the vertebral body. The anterior cervical abscess, destroyed the vertebral body, and the intervertebral disc was
removed, and bone destruction in the vertebral body was observed. The worm-like necrotic tissue was removed by a curette, and
the posterior longitudinal ligament was exposed by a distractor. After con�rming that there was no compression of the spinal cord,
the edge of the vertebral body was trimmed to expose the subchondral bone. The autologous iliac bone or allogeneic bone of the
corresponding size was taken to embed the defect and �xed by an anterior cervical titanium plate. After the X-ray �uoroscopic of
the internal �xation position was satisfactory, a large amount of 0.9% saline was applied for irrigation. The drainage was placed,
and the incision was sutured layer by layer.

Group AP
The preoperative preparation was similar to the above. The patient was placed �rstly in the supine position, and after general
anesthesia took effect, cranial traction was performed. The skin of the surgical area was disinfected and draped, and a transverse
anterior cervical incision was performed. The skin, subcutaneous tissue, and platysma Colli muscle were incised layer by layer, and
the inner edge of the sternocleidomastoid muscle was entered. The surrounding tissues were separated bluntly and entered along
the tracheoesophageal sheath and carotid sheath to expose the anterior edge of the cervical vertebral body. The anterior cervical
abscess, dead bone, surrounding necrotic tissue, and intraspinal abscess were removed carefully after complete exposure (necrotic
tissue was sent for pathological examination). The spinal cord compression was decompressed absolutely. The titanium cage of
the corresponding length (implanted with autologous iliac bone or allogeneic bone particles in the cage) was placed in the defect
caused by debridement, and the titanium cage was �xed with screws. The drainage was placed, and the incision was sutured layer
by layer. Then the patient's position was changed to the prone position, the surgical area was disinfected and draped again. A
posterior midline neck incision was performed, and the skin and subcutaneous tissue were incised layer by layer. The paraspinal
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muscles were exposed to the lateral border of the facet. The posterior approach of internal �xation was performed using cervical
lateral mass or pedicle screws, then connected the rods and screw caps were installed for �xation. A large amount of normal saline
was used to irrigate the incision and the streptomycin (2g) was placed on both surgical areas. The drainage was placed, and the
incision was sutured layer by layer.

Postoperative management
After the surgical procedure, the patient's physical signs were monitored, included blood pressure, respiration, and pulse. The
drainage tube was removed when the �uid volume was < 50 mL within 24 hours. The X-ray was re-examined on the �fth
postoperative day to determine whether the internal �xation position and bone grafting area were stable. After the internal �xation
position was satisfactory, patients were encouraged to wear a neck rest and walking with the help of walking aid to prevent joint
stiffness. If the position of the internal �xation was not correct or loosing, the above surgery was managed. Patients were assessed
for bone healing and the stability of internal devices by the X-ray, CT, and MRI at 1, 3, 6, and 12 months postoperatively. The anti-TB
chemotherapy was continued for at least ten months. Simultaneously, ESR, CRP levels, and liver and kidney function were
monitored every 6 weeks.

Data Collection and Outcome Evaluation
The clinical demographic data, operative time, amount of intra-operative bleeding, and follow-up time for each patient were
recorded. ESR and CRP tests were used to monitor TB activity. The ASIA spinal cord injury grade, JOA cervical function score, NDI,
and VAS for pain were used to assess the patients' functional improvement and the quality of life. Anteroposterior and lateral X-
rays of the whole spine in the standing position were performed to assess the correction of the deformity by measuring vector
parameters, as following: C0-2 Cobb angle, C2-7 Cobb angle, local Cobb angle, SCA, C2-7SVA, CG-7SVA, T1S, NT, and TIA. Eck
fusion grading system was used to assess the bone graft fusion, and the complications were recorded, including sinus formation,
bone graft collapsed, and vertebral bone destruction.

Statistical analysis
Data were input in a Microsoft Excel spreadsheet (Redmond, WA, USA) and reported as frequencies and percentages, then
analyzed by the SPSS 20.0 software package (Chicago, IL, USA). Comparisons between two groups were conducted using the chi-
square test or t-test. Statistical signi�cance was p<0.05.

Results
A total of 23 patients were included in the study with an average age of 46.74 years (range, 23-74 years), included 8 males and 15
females. The mean postoperative follow-up time was 25.9 months (12-45 months). Eighteen patients underwent the anterior
approach of debridement and BGIF (group A), and 5 patients were managed by the anterior approach of debridement, bone
grafting combined with the posterior approach of internal �xation (group AP). Various degrees of the pain in neck and shoulder
were observed in all patients. Neurological dysfunction occurred in 12 patients with a duration of 2 to 12 months, such as limited
neck and shoulder movement, upper limb muscle weakness, and hypoesthesia. The ESR and CRP elevation occurred in all cases
(Table 1). Typical TB symptoms, such as low-grade fever, night sweats, weight loss, and fatigue were presented in 19 patients. At
least 2-4 weeks of regular quadruple anti-TB chemotherapy (HREZ) before the operation were managed for all patients. Refer to
Figures 1-2 for details on the whole treatment of kyphotic cervical TB, which was described by this study.
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Table 1
Basic data of 23 patients with kyphotic cervical tuberculosis

Case Age
(years)/gender
(M, F)

Lesion
location

Follow-up
time
(months)

Approach
of surgery

ESR (mm/h) CRP (mg/L)

Pre-
operation

After 3
postoperative
months

Pre-
operation

After 3
postoperative
months

1 35/F C6-C7 33 A 47 4 18.78 7.35

2 26/F C3-C6 25 A 32 3 28.58 4.93

3 36/M C6-C7 32 A 53 11 23.56 7.53

4 52/M C3-C4 45 A 44 6 24.09 3.87

5 73/F C5-C6 32 A 39 18 57.33 10.55

6 35/M C6-C7 41 A 37 4 20.35 9.05

7 65/F C3-C4 22 A 38 3 10.33 8.53

8 57/F C2-C3 12 AP 28 7 32.76 7.89

9 46/F C3-C5 18 A 67 4 36.51 5.40

10 27/F C3-C4 19 A 50 23 11.25 9.19

11 33/F C4-C5 21 A 33 3 27.41 4.62

12 63/M C3-C5 13 AP 28 8 75.94 14.96

13 55/F C6-C7 16 A 39 6 37.95 9.41

14 32/F C4-C5 27 A 47 16 37.36 8.37

15 74/M C2-C3 31 A 44 9 43.35 13.28

16 41/M C5-C7 32 AP 57 10 28.33 4.43

17 62/M C3-C4 21 A 38 8 26.49 6.35

18 49/M C5-C6 26 A 34 3 12.38 5.94

19 30/F C4-C5 17 A 45 9 14.96 7.30

20 49/F C5-C6 28 AP 44 15 9.34 7.28

21 63/F C4-C6 34 A 41 3 47.98 9.88

22 49/F C5-C6 37 A 32 5 38.76 7.61

23 23/F C1-C3 15 AP 51 7 34.79 9.06

A, anterior approach. AP, anterior approach combines with posterior approach. CRP, C-reactive protein. ESR, erythrocyte
sedimentation rate.

Imaging evaluation parameters
The sagittal parameters were improved signi�cantly before and after surgery in both groups. Brie�y, the preoperative local Cobb
angle was corrected from 25.13 ± 8.28 ° and 15.47 ± 10.16 ° to − 9.74 ± 3.71 ° and − 11.05 ± 5.02 ° after surgery in both groups, the
preoperative SCA was changed from 91.74 ± 8.96 and 98.76 ± 4.61 to 80.16 ± 7.05 and 82.23 ± 1.13 after surgery, and the
preoperative C2-C7SVA was corrected from 36.48 ± 10.35 and 32.44 ± 4.24 preoperatively to 11.65 ± 4.38 and 11.52 ± 4.02
postoperatively. Signi�cant improvement of postoperative sagittal parameters (C0-C2Cobb angle, C2-C7Cobb angle, local Cobb
angle, SCA, C2-C7SVA, and CG-SVA) was obtained in both groups (P<0.05). However, there were no signi�cant differences in
T1Slope, NT, and TIA before and after surgery of the two groups (P>0.05), and no signi�cant loss of sagittal correction was
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observed during the postoperative follow-up (Table 2). At 6 postoperative months, 17 patients achieved grade I and 6 patients
achieved grade II fusion in the bone grafting area, and 23 patients achieved the grade I fusion in the bone grafting area.

 
Table 2

Comparison of sagittal parameters in the two groups at pre-operation and post-operation, and the last follow-up
Parameter Pre-operation Post-operation Last follow-up P1 P2

Group A Group AP Group A Group AP Group A Group AP

C0-C2
Cobb
angle (°)

-25.51±7.17 -27.15±3.01 -20.80±5.34 -20.72±1.03 -20.53±2.89 -19.86±1.61 0.015 0.017

C2-C7
Cobb
angle (°)

14.26±9.93 15.47±10.16 -15.03±8.10 -16.49±8.11 -14.81±7.37 -15.54±6.02 <0.001 <0.001

Local
Cobb
angle (°)

25.13±8.28 26.18±9.93 -9.74±3.71 -11.05±5.02 -10.04±3.54 -11.13±4.81 <0.001 0.002

Spino
cranial
angle (°)

91.74±8.96 98.76±4.61 80.16±7.05 82.23±1.13 81.65±6.78 83.93±2.97 <0.001 0.002

TI Slope
(°)

15.04±7.43 17.01±7.91 19.16±8.36 19.34±6.87 19.42±8.23 20.44±7.15 0.008 0.083

Neck tilt
(°)

43.54±9.89 44.20±3.03 40.38±11.09 41.69±14.20 40.59±10.74 41.72±12.93 0.241 0.656

Thoracic
inlet angle
(°)

58.62±12.59 61.21±5.68 59.55±9.46 61.03±9.80 60.01±9.15 62.16±7.02 0.647 0.846

C2-C7
SVA (mm)

36.48±10.35 32.44±4.24 11.65±4.38 11.52±4.02 8.44±3.01 8.46±0.29 <0.001 <0.001

CG-7 SVA
(mm)

45.34±13.46 44.99±7.57 27.20±12.63 26.38±14.42 24.70±12.17 20.62±10.08 <0.001 0.017

P1: Comparison of parameters at preoperative and last follow-up of group A; P2: Comparison of parameters at preoperative
and last follow-up of AP group.

Laboratory test results and postoperative function recovery
ESR and CRP levels were decreased signi�cantly in both groups after surgery in all patients (Table 1). In group A, preoperative and
last follow-up JOA scores were 6.31 ± 2.03 and 15.87 ± 0.87 respectively; VAS scores were 7.30 ± 1.52 and 1.74 ± 0.61; NDI was
32.61 ± 5.47 and 8.83 ± 2.31. Preoperative and last follow-up JOA scores were 7.00 ± 2.35 and 15.20 ± 1.09, VAS scores were 7.40
± 1.34 and 1.80 ± 0.45, and NDI were 36.20 ± 3.27 and 9.60 ± 1.82 in group AP. There were signi�cant differences in the JOA score,
VAS, and NDI between pre-operation and last follow-up (P < 0.05). According to the ASIA classi�cation, 5 cases improved from
preoperative grade C to grade E, 16 cases improved from preoperative grade D to grade E (total rate of grade E 91.3%). Two
patients were evaluated as grade C since the severe damage to the vertebral body and worsen compression of the spinal cord
(Table 3).
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Table 3
Comparison of JOA score, VAS score, and NDI index of the two groups

  Pre-operation Post-operation Last follow-up P1 P2

Group A Group AP Group A Group AP Group A Group AP

JOA cervical
function score

6.31±2.03 7.00±2.35 14.96±1.58 14.00±1.87 15.87±0.87 15.20±1.09 <0.001 <0.001

Cervical VAS
score

7.30±1.52 7.40±1.34 3.01±0.90 3.00±1.22 1.74±0.61 1.80±0.45 <0.001 0.002

NDI 32.61±5.47 36.20±3.27 13.69±2.88 13.60±3.51 8.83±2.31 9.60±1.82 <0.001 <0.001

P1: Comparison of parameters at preoperative and last follow-up of group A; P2: Comparison of parameters at preoperative
and last follow-up of AP group.

Complications
There were 2 cases of complications, unfortunately. The muscle strength of both upper limbs decreased from grade 5 to grade 3 in
1 patient with normal sensory function after surgery. By the neurotrophic drugs, nerve electrical stimulation therapy, and physical
rehabilitation, the muscle strength returned to normal at 2 weeks later. Furthermore, incision sinus formation was observed in one
case at 3 months after surgery, which healed after the debridement operation. There was no fracture or displacement of the internal
�xation during the follow-up. The stability of the cervical spine was reconstructed, and there was no recurrence of TB.

Discussion
The common site of extra-pulmonary TB and the most severe form of osteoarticular TB is spinal TB, which is a widespread
infectious disease problem in animal husbandry areas and developing areas [8, 20]. Because of its unique anatomical structure,
the early symptoms of cervical TB are too tricky to notice. The neck and shoulder pain and discomfort of neck and shoulder occur
�rst mostly. When the disease continues to develop, the posterior pharyngeal wall abscess is created slowly. The surrounding
tissues, like the trachea and esophagus, may be compressed by this spreading cold abscess. The nerve root compression
symptoms were caused mostly by the cold abscess posterior compressing. The anterior and middle columns of the spine are
affected mainly by cervical TB, resulting in cervical kyphosis, neck stiffness, and neurological dysfunction caused by spinal cord
compression. The single-level infections of the vertebral body are rare [6–8]. In this study, the lesions of patients with kyphotic
cervical TB were concentrated mostly in the lower level of the cervical spine (C3 - C6). Involving more than two vertebral bodies
occurred in all patients, who forming local kyphotic deformity. Typical cervical spinal cord compression symptoms were observed
in 12 cases. The purpose of surgery is to decompress the compression symptoms of the spinal cord effectively, reconstruct the
stability of the vertebral body, and restore the normal sequence in the sagittal position of the spine vertebral body.

The treatment published by a previous study of the early stage cervical vertebral TB was regular anti-TB chemotherapy and
symptomatic treatment [8, 11, 16, 20]. But the long-term medication cycle and the increasing drug resistance, there is a great
incidence of chance for the lesion to continue to the advanced stage, which may lead to progressive aggravation of spine
deformity or vertebral body instability [22, 23]. For severe bone destruction and poor cervical stability after conservative treatment,
surgical intervention is usually required. At present, the simple anterior approach of debridement and spine reconstruction surgery
is a commonly used surgical method for the treatment of cervical TB, since the characteristics of simple approach, simpli�ed
procedure, removal of the lesion completely, and reliable structural reconstruction [1, 6–8, 24, 25]. The case series of 17 patients
with cervical TB who were managed for the anterior approach of debridement and BGIF, were reported by Wu et al. [26] The bone
grafting fusion of the vertebral body and improved neurological dysfunction were achieved. In this study, 18 patients of group A
were treated by the anterior approach of debridement and BGIF, the sagittal sequence of the cervical vertebral body was corrected
signi�cantly. Brie�y, the preoperative local Cobb angle was improved from 25.13 ± 8.28 ° to -9.74 ± 3.71 ° after surgery, the SCA
was improved from 91.74 ± 8.96 to 80.16 ± 7.05 postoperatively, the C2-C7SVA was improved from 36.48 ± 10.35 to 11.65 ± 4.38
postoperatively. The patient's neurological recovery was satisfactory, and the neck and shoulder pain was relieved completely. It
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was recommended by us that the anterior approach of debridement and BGIF should be selected in the following cases: (1) the TB
lesion eroded or destroyed the vertebral body slightly, and obvious cold abscess appears in front; (2) there was no obvious vertebral
collapse, intervertebral space lesion, only slight in�ltration of the adjacent vertebral body with no pedicle destruction; (3) patients
with the poor physical condition. In these cases, the anterior approach of debridement and BGIF can achieve the purpose of lesion
removal, stability reconstruction in one stage, without the need for a supplementary posterior approach of internal �xation to
strengthen cervical vertebral body stability.

In the treatment of patients with severe vertebral destruction, collapse, or vertebral dislocation, combined anterior and posterior
approach surgery should be considered to reconstruct vertebral body stability when the anterior approach surgery alone cannot
achieve stability reconstruction [5, 12, 26, 27]. Combined anterior and posterior approach surgery (anterior approach of
debridement or decompression combined with the posterior approach of pedicle screw �xation) is superior to only anterior
approach surgery in biomechanical stability [28]. However, a change of surgical position was required by combined anterior and
posterior approach surgery, more damage was also brought to this procedure, included man-made injury to surrounding tissues,
longer operation time, and more blood loss. So the indications for this procedure need to be strictly controlled since its higher risks
compared with anterior approach surgery alone. In this study, 5 patients were treated by combined anterior and posterior approach
surgery, and the spinal cord compression symptoms were relieved. The preoperative local Cobb angle was improved from 26.18 ±
9.93 ° to -11.05 ± 5.02 ° postoperatively. The SCA was improved from 98.76 ± 4.61 to 82.23 ± 1.13 postoperatively, and the C2-
C7SVA was improved from 32.44 ± 4.24 to 11.52 ± 4.02 postoperatively. The cervical vertebral sagittal sequence was corrected
obviously, without postoperative broken screws, rods, or internal �xation loosening. As far as we considered, the combined anterior
and posterior approach surgery should be selected in the following cases: a) severe vertebral bone destruction with vertebral
instability; b) severe vertebral collapse, with pedicle bone destruction, with the severe imbalance of the cervical sagittal plane. c)
Severe erosion of adjacent vertebral bodies with unilateral or pedicle destruction. In the surgical procedure, one-stage posterior
approach surgery aimed to �x and decompress, remove the vertebral plate and decompress the capsule indirectly, to reduce the risk
of anterior approach surgery. In the process of anterior approach debridement, more attention should be paid to the extent of
resection, the decompression should be performed effectively for compression area, and resection of the posterior longitudinal
ligament. The scope of the contralateral resection depends on the invasion of the lesion. In principle, the uncovertebral joint should
not be removed, and complete lesion removal and vertebral body structural support are more critical. In our cohort, complications
occurred in 1 of 5 patients who underwent combined anterior and posterior approach surgery. The muscle strength of both upper
limbs decreased from grade 5 to grade 3, with normal sensory function. After symptomatic treatment with neurotrophic drugs, the
muscle strength returned to normal after 2 weeks.

The upper cervical spine is adjacent to important structures, such as the medulla oblongata and cerebellum, which makes the
anatomy more complex. Especially in the treatment of vertebral artery variations and pedicle deformities, surgery is di�cult and
risky, because the intraoperative procedure leads to vertebral artery injury easily, and even respiratory failure and sudden death [27,
29]. The odontoid process and the C2 vertebral body are involved by TB of the upper cervical spine. The odontoid process is an
important structure, which connects the upper cervical joint. Severe bone destruction of the odontoid process can be caused by TB
lesions, which makes the atlantoaxial intervertebral space separated, let the atlantoaxial dislocation and atlantoaxial instability
occurred, then local blood �ow in the odontoid process is poor. Imaging examination shows the mild erosion and destruction of the
odontoid process at the early stage of disease, which will cause ischemic necrosis of the odontoid process in the advanced stage,
and cause pathological fracture of the odontoid process. Afterward, the neck movement is limited, and the C2 vertebral body is
severely collapsed, which will cause the cervical spine structure to unstable. Multilevel bone destruction also occurs in some
patients with upper cervical TB, and several of them will be taken to cervical coronal imbalance and cervical deformity. The
surgical treatment of upper cervical TB focuses on focal debridement, spinal cord decompression, and reconstruction of cervical
stability. Given the choice of surgical methods, oral approach surgery has been utilized by some scholars to treat upper cervical TB
[30, 31], and satisfactory postoperative results have also been received. This procedure can enter the lesion directly with the minor
traumatic incision. However, postoperative cervical stability is poor in the treatment of patients with severe bone destruction,
vertebral collapse, and atlantoaxial dislocation. It is also prone to breakage or displacement of the internal �xation device. The
scope of surgery is deep and narrow, which leads to a high incidence of complications, such as oral mixed infection,
retropharyngeal abscess, laryngeal edema, and cerebrospinal �uid leakage. The anterior approach of cervical postpharyngeal
debridement combined with occipitocervical fusion for the treatment of upper cervical TB was applied by Wang et al. [5, 27], and



Page 9/13

good postoperative results were obtained. The advantages of this approach are the simple anatomical structure, which exposes
the vertebral body through the esophageal sheath and the carotid sheath reduces the risk of peripheral nerve injury. However, the
limited cervical movement was caused signi�cantly, which decreased the quality of the patient's life. Besides, in combined anterior
and posterior approach surgery, the main difference lied in the posterior approach of �xation method, �xation and fusion procedure
of the atlanto-pivot, and occipitocervical �xation and fusion. Xing et al. [4] concluded that under the premise of removing the lesion,
short-segment internal �xation and fusion should be used as far as possible to maximize the preservation of a cervical range of
motion and minimize the loss of cervical range of motion, which is an important principle. In this study, there were 4 cases of upper
cervical TB, 2 patients were treated by interbody fusion, and 2 patients were managed by atlanto-pivot �xation and fusion.

The simple anterior approach surgery was managed for patients with mild destruction of the odontoid process, no atlantoaxial
dislocation, good stability of the upper cervical spine, or whose C2 without obvious vertebral collapse, C2/3 intervertebral space
lesions, only slight in�ltration of adjacent vertebral bodies, and no C2 pedicle destruction. For patients with severe atlas bone
destruction with atlantoaxial joint and atlantooccipital joint instability, severe odontoid bone destruction with atlantoaxial
dislocation, C2 vertebral bone destruction with severe vertebral collapse with unilateral and pedicle bone destruction, and C3
vertebral bone destruction with severe vertebral instability of vertebral collapse, the combined anterior and posterior approach
surgery was applied. According to the extent of lesion involvement and the degree of vertebral destruction, an individualized
surgical plan and standardized anti-TB chemotherapy were prepared, then satisfactory postoperative outcomes were obtained in
the treatment of upper cervical TB using both surgical methods.

Our study of debridement and BGIF with different surgical approaches in the treatment of patients with kyphotic cervical TB
provided some valuable clinic experience. Limitations of this study should also not be ignored. First of all, there is no mature
treatment algorithm for the resolution of kyphotic cervical TB. In addition, there is a lack of large case series with the complete
postoperative of infected kyphotic cervical TB treated with anterior or combined anterior and posterior approach surgery
(debridement and BGIF). Hence, a prospective study of more samples and multi-center is of more clinical signi�cance.

Conclusions
In this study, practical results were received by the application of anterior and combined anterior and posterior approach surgery in
the treatment of kyphotic cervical TB. In all, for patients with kyphotic cervical TB, surgery of debridement and BGIF can achieve
effectively neurological improvement, neck pain relief, kyphotic deformity correction, and reconstruction of spine vertebral body
stability. The characteristics of the lesion, the degree and extension of kyphosis, and the degree of spinal cord and nerve
compression damage can be presented clearly by the radiographic sagittal parameters. This does a favor to individualize the
choice of surgical approach to achieve nerve decompression, debridement, fusion, and reconstruction of cervical stability, safely
and effectively.
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Figures

Figure 1

A 27-year-old woman with limited neck pain and mobility for 7 months and progressive limb weakness for 2 weeks. a, b) cervical
anteroposterior and lateral X-ray showed C3, C4 vertebral destruction, C2 ~ C4 local kyphosis. c) cervical MRI showed C3, C4
vertebral body partial loss, local kyphosis, and there was a signi�cant abscess in front of the vertebral body. d) cervical CT showed
C3 and C4 vertebral destruction. e, f) postoperative anteroposterior and lateral X-ray showed C3 and partial C4 vertebrectomy,
cervical sequence was corrected, and partial bone grafting fusion with stable internal �xation position.
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Figure 2

A 23-year-old woman with a 3-month history of limited neck pain and mobility and 1-week history of progressive weakness of the
extremities. a, b) anteroposterior and lateral X-ray showed C1 and C2 vertebral destruction and local kyphosis from C1 to C3. c)
cervical MRI showed signi�cant loss of C2 vertebral body height, local kyphosis, compression of the sac, and localized prevertebral
abscess. d) cervical CT showed C1 and C2 vertebral destruction, intraspinal encroachment, and local kyphosis from C1 to C3. e, f)
postoperative anteroposterior and lateral X-ray showed C2 and partial C3 vertebrectomy, vertebral body reconstruction using
titanium cage, and posterior approach surgery using cervical 2 pedicle screw and cervical 3, 4 lateral mass screw �xation.


