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Research Paper: Beneficial Effects of Surgical Treat-
ment of Compressive Myelopathy in Patients With 
Severe Angular Kyphosis of Thoracolumbar Spine: 
A Retrospective Study of 12 Cases

Background: Severe angular kyphosis is one of the uncommon etiologies of compressive 
myelopathy and hence, many aspects of this myelopathy are unknown. 

Objectives: In this study, we report a series of 12 patients with compressive myelopathy in 
severe angular kyphosis, as well as the result of surgical treatment in these patients.

Methods: In a retrospective study, we included 12 patients with the progressive or sudden 
onset of paraplegia caused by severe angular kyphosis. The neurological status of the patients 
was evaluated with the American Spinal Injury Association (ASIA) typing system before the 
operation and at four time points after the operation (1 day, 1 week, 6 months, 1 year). The main 
surgical interventions included anterior corpectomy, anterior spinal fusion, and posterior spinal 
fusion with or without instrumentation and with or without decompression.

Results: The Mean±SD age of the patients was 41.9±16.4 years, ranging from 14 to 59 years. The 
etiology of myelopathy was congenital kyphosis in 10 patients (83.3%). The Mean±SD duration 
of paralysis was 6.4±6.6 months. The Mean±SD percentage of cord thinning at the apex was 
61.7±17.5%. Bowel or bladder dysfunction was present in 6 patients (50%) before the surgery 
that was resolved in 5 patients after the surgery. One year after the surgery, the ASIA typing was 
improved in 9 patients (75%) and remained the same as preoperative status in 3 patients (25%).

Conclusion: Surgical decompression corrects the neurological symptoms in the majority of 
cases with compressive myelopathy caused by severe angular kyphosis.
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1. Introduction

pinal cord compression is associated with 
considerable morbidity and mortality [1]. 
A variety of etiologies in spinal cord com-
pression are known. Severe angular ky-
phosis is one of the uncommon etiologies 
of spinal cord compression that is usually 

caused by congenital kyphosis. Yet, other etiologies such 
as post-tuberculous kyphosis and posttraumatic kypho-
sis are also acknowledged. Severe angular kyphosis may 
lead to compressive myelopathy, a rare and disastrous 
pathology with challenging surgical treatment, particu-
larly for those with neurologic deficits. The surgical in-
tervention might impose mechanical stress to an already 
“sick spinal cord,” resulting in further neurologic dam-
ages and more complicated treatments [2-4].

Despite the difficult management of compressive my-
elopathy in severe angular kyphosis, many aspects of this 
disorder are obscure, including its incidence, prognosis, 
and potential adverse neurologic outcomes of the differ-
ent surgical approaches [2, 5]. This is mainly due to the 
rare occurrence of such disorder and the limited number 
of papers concerning the compressive myelopathy in se-
vere angular kyphosis. In earlier literature, the outcome 
of surgical treatment of compressive myelopathy in se-
vere angular kyphosis has only been reported in a small 
number of case series and it is unclear to what extent 
the patients will benefit from the surgical intervention. 
Moreover, in a subset of patients, the neurological status 
has reported being deteriorated after the operation [2].

In this retrospective study, we report a series of 12 pa-
tients with compressive myelopathy caused by severe 
angular kyphosis, as well as the results of surgical de-
compression and kyphosis correction.

2. Methods

This retrospective study was approved by the Review 
Board of our institute and the written informed consent 
was obtained from all patients to use their data for publi-
cation. We included patients with compressive myelopa-
thy caused by severe angular kyphosis between 2011 
to 2017. The inclusion criteria were the progressive or 
the sudden onset of paraplegia. Computed Tomography 
(CT) scanning was used to precisely identify the abnor-
mality and fusion. Magnetic Resonance Imaging (MRI) 
was used to identify cord compression and the extent of 
signal intensity alteration. Anteroposterior and lateral 
radiographs were obtained to assess the balance of the 
spine in different planes. 

Neurological status of the patients was evaluated with 
the international standards for neurological and func-
tional classification of spinal cord injury published by 
the American Spinal Injury Association (ASIA) [6], 
designed in five grades of A. (complete: no sensory or 
motor function is preserved); B. (sensory incomplete); 
C. (motor incomplete with a muscle grade less than 3); 
D. (motor incomplete with a muscle grade more than 3); 
and E. (normal). Neurological status was recorded once 
before the surgery and at four stages after the surgery 
(after 1 day, after 1 week, after 6 months, after 1 year).

Main surgical interventions included Anterior Spinal 
Fusion (ASF) with or without instrumentation and with 
or without decompression, Posterior Spinal Fusion (PSF) 
with or without instrumentation and with or without de-
compression, and anterior corpectomy. All operations 
were done by one senior spinal surgeon. Intraoperative 
wake-up test, motor evoked potentials, and somatosenso-
ry evoked potential monitoring was not used for any pa-
tients. The demographic and clinical characteristics of the 
patients were extracted from the patients’ medical files.

3. Results

A total of 12 cases of compressive myelopathy caused 
by severe angular kyphosis were identified during the 
study period. The study population comprised 4 males 
(33.3%) and 8 females (66.7%) with the Mean±SD age 
of 41.9±16.4 years, ranging from 14 to 59 years. The eti-
ology of myelopathy was congenital kyphosis in 10 pa-
tients (83.3%). The level of paralysis ranged from T10 to 
L2 vertebra. The Mean±SD duration of paralysis was 6.4 
±6.6 months, ranging from 1 to 24 months. The Babinski 
sign was upward in 7 patients (58.3%) and downward 
in 5 patients (41.7%). The Mean±SD percentage of cord 
thinning at the apex was 61.7±17.5% ranging from 40% 
to 90%. The clinical and demographic characteristics of 
the patients are presented in detail in Table 1.

One-stage surgery was performed in 5 patients 
(41.7%), while the surgery was performed in two stages 
in the other 7 patients (58.3%) (Figure 1-3). The detailed 
surgical intervention and outcome are provided in Ta-
ble 2. The Mean±SD preoperative kyphosis angle was 
92.1±28 degrees that reduced to 50.2±38.5 degrees after 
the surgery. The Mean±SD preoperative scoliosis angle 
was 23.5±24.1 degrees that reduced to 9.4±11.4 degrees 
after the surgery. Before the operation, 6 patients (50%) 
had bowel or bladder dysfunction which was resolved in 
5 of these patients after the operation. One year after the 
operation, the ASIA typing was improved in 9 patients 
(75%) and remained the same as preoperative status in 
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Table 1. The demographic and clinical characteristics of the patients with severe angular kyphosis and compressive myelopathy.

ID Age (y) Sex Etiology Level of 
Paralysis

Apex of 
Kyphosis

Paralysis Duration 
(mo) Babinski Sign Cord Thinning at 

the Apex (%)

1 54 Male Congenital kyphosis T10 T10-T11 5 Upward 90

2 14 Female Congenital kyphosis L1 L1-L2 1 Upward 90

3 55 Female Congenital kyphosis L2 L1 3 Upward 60

4 57 Female Chronic osteomyelitis T12 T12 1.5 Downward 80

5 55 Male Congenital kyphosis T11 T11-T12 8 Upward 70

6 29 Female Congenital kyphosis L2 L2 3 Downward 60

7 59 Female Old nonunion L2 fracture L2 L2 12 Upward 40

8 24 Female Achondroplasia L1 L1 24 Upward 50

9 29 Female Congenital kyphosis T12 T12-L1 10 Downward 60

10 50 Male Congenital kyphosis L2 L2 2 Downward 50

11 53 Female Congenital kyphosis T10-T11 T12 1 Upward 40

12 24 Male Congenital kyphosis T12 T11 6 Downward 50

Table 2. Type of the surgery and surgical outcome in patients with compressive myelopathy caused by severe angular kyphosis

ID Type of Surgery
Pre/Post 

Cobb’s Angle 
(Kyphosis)

Pre/Post Cobb’s 
Angle (Scoliosis)

Operation Time 
(h)

Total Blood 
Loss (mL)

ASIA 
(pre/1d/1w/6m/1y)

Bowel or Bladder 
Dysfunction (Pre/

Post)

1 *(1) ASF, (2) PSFI 134°/130° 20°/17° (1) 3 , (2)2.5 (1) 200, (2) 
300 D/D/D/E/E +/-

2
Ant. corpectomy + 

decompression & fusion 
(allograft), (2) PSFI 

140°/50° 14°/10° (1) 4 , (2)3 (1) 600, (2) 
400 A/C/D/D/D +/+

3 ASFI + decompression + 
allograft 102°/68° 10°/10° 5 800 D/D/D/D/D +/+

4
Ant. corpectomy + decom-

pression+
allograft + instrumentation

65°/10° 0°/0° 4.5 h 600 D/D/D/D/D -/-

5

Ant. corpectomy + 
decompression +

allograft + instrumenta-
tion

112°/71° 32°/11° 5 850 C/D/D/D/D -/-

6
(1) ASF + decompression + 

allograft,
(2)PSFI

75°/23° 80°/35° 2.5 
4 1450 D/D/D/E/E -/-

7

Ant. corpectomy + 
decompression+

Allograft + Instrumenta-
tion + PSFI

54°/-10° 13°/0° 6 1000 C/C/C/D/D +/+

8 (1) ASF, (2) PSFI + decom-
pression 84°/36° 0°/0° 9.5 (1) 200, (2) 

1000 C/C/D/D/D +/-

9
ASF + corpectomy + de-
compression + allograft, 

(2) PSFI
110°/75° 55°/25° (1) 4 , (2) 5 (1) 200, (2) 

350 D/D/D/D/D -/-

10
Ant. corpectomy + 

decompression +cage + 
instrumentation, (2) PSFI

62°/30° 0°/0° (1) 6 , (2) 5 (1) 4300, (2) 
1750 D/D/D/E/E -/-

11 PSFI + decompression 94°/90° 28°/5° 4 800 C/C/C/D/D +/-

12
Ant. corpectomy + de-

compression + allograft, 
(2) PSFI + PSO

74°/30° 30°/0° (1) 4 , (2) 5 (1)700, 
(2)1800 D/D/D/E/E -/-

*In case the number is not provided, all the surgeries have been done simultaneously. Otherwise, two-step surgeries have been implemented.

Abbreviations: Ant, anterior; PSF, posterior spinal fusion; PSFI, posterior spinal fusion with instrumentation; ASF, anterior 
spinal fusion; ASFI, anterior spinal fusion with instrumentation; PSO, pedicle subtraction osteotomy.
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3 patients (25%). No ASIA typing deterioration was ob-
served in our series (Table 2).

4. Discussion

Considering the rare incidence of severe angular ky-
phosis, the beneficial effects of surgical treatment of 
compressive myelopathy in these patients is not well-un-

derstood. It is unclear to what extent the patients would 
benefit from surgical intervention. In a subset of patients, 
the neurologic status might even deteriorate after the sur-
gery, which further complicates the current uncertainties. 
In this situation, reports of the outcome of surgical treat-
ment in these patients could be regarded as a valuable 
approach to resolve the existing concerns.  

Figure 1. A. Lateral radiograph of a 55-year-old male showing compressive myelopathy caused by congenital kyphosis (case 
5); B. Lateral radiograph of the same patients showing the kyphosis correction with anterior corpectomy, decompression, 
strut allograft reconstruction, and instrumentation; C. Postoperative sagittal CT scan of the same patient confirming the radio-
graphic findings

Figure 2. A. Lateral radiograph of a 59-year-old female revealing compressive myelopathy caused by L2 nonunion (case 7); B. 
Anteroposterior radiograph of the same patient after one-step surgery including anterior corpectomy, decompression, strut 
allograft reconstruction, and posterior spinal fusion with instrumentation; C. Lateral radiograph of the same patient after the 
surgery showing kyphosis correction
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According to the study results, congenital kyphosis was 
the most frequent etiology of compressive myelopathy 
in severe angular kyphosis. Surgical intervention results 
in the improvement of neurological symptoms in the 
majority of patients, including their bowel/bladder dys-
function. In this respect, bowel or bladder dysfunction 
resolved in 5 (83.3%) out of 6 patients after the surgery. 
Besides, the neurological status improved in 9 (75%) out 
of 12 patients and remained the same as preoperative sta-
tus in 3 patients (25%). No neurological symptoms de-
terioration was observed in patients of the current series.

To date, compressive myelopathy in severe angular ky-
phosis has only been reported in a small number of case 
series. 

In the study of Zhang et al., 10 patients with severe 
angular kyphosis and a progressive or a sudden onset of 
paraplegia were surgically treated [2]. Song et al. [3] and 
Chang et al. [4] also reported a series of 17 and 16 pa-
tients with compressive myelopathy in angular kyphosis 
of the thoracic spine, respectively. While the dominant 
etiology was congenital kyphosis in Zhang’s study (8 out 

Figure 3. A. Lateral; and B. Anteroposterior radiographs of a 24-year-old male showing compressive myelopathy caused by 
congenital kyphosis (case 12); C. Sagittal T2-weighted MRI of the same patient showing spinal cord compression and thinning 
at the apical curve; D. Sagittal CT scan of the same patient before the surgery confirming the MRI findings; E. Lateral radio-
graph of the same patient after two-step surgery performed by anterior corpectomy, decompression, strut allograft reconstruc-
tion, and posterior spinal fusion with instrumentation; F. Anteroposterior radiograph of the same patient after the surgery 
showing kyphosis correction
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of 10 cases) as well as ours (10 out of 12 cases). Pott’s 
kyphosis was the most common diagnosis in the study 
of Song et al. as well as Chang et al. (7 out of 16 cases 
and 11 out of 17 cases, respectively). The most common 
apex of the kyphosis was the lower thoracic spine in 
the study of Song et al. (10 out of 16 cases) as well as 
Change el. (14 out of 17 cases). Yet, the most common 
apex of kyphosis was upper thoracic spine (6 out of 10 
cases) in the study of Zhang et al. The apex of kypho-
sis was equally distributed between lower thoracic spine 
and upper lumbar spine in our series.

KY and YH reported the outcome of the treatment of 
neurological deficit in 36 patients with severe angular 
kyphosis caused by spondylitis secondary to tubercu-
losis. An improvement of the neurological symptoms, 
evaluated by the ASIA impairment scale, occurred in 4 
out of 9 patients (44.4%) who were treated surgically [7].

The mean age of patients in the current series was 41.9 
years. The onset of the neurological deficit was more 
than 16 years of age in 9 out of 10 cases of congenital 
kyphosis that was not in accordance with the earlier in-
vestigations [2, 8, 9]. 

The reduction of spinal cord diameter at the apex was 
40%-80% in the study of Zhang et al. This level of cord 
thinning in patients with congenital kyphosis presented 
with paraplegia was in accordance with the earlier inves-
tigations [10-12]. The percentage of spinal cord thin-
ning ranged from 40% to 90% in our patients at the time 
of presentation. 

Correction of spinal deformity has been reported as a 
risk factor of spinal cord injury in many investigations 
[13-15]. In this respect, the ASIA typing deteriorated 
in one of the cases of the study of Zhang et al. Yet, no 
ASIA type deterioration was recorded in our series. Sev-
eral factors might affect the outcome of spinal correction 
surgery, including the intraoperative spinal cord vessels 
or neural tissue distortion, spinal cord impingement at 
the edges of decompression, blood loss, etc. [13]. The 
ASIA typing improved in all patients of the studies of 
Song et al. and Chang et al. but not in some patients with 
ASIA type A. The ASIA typing improved in 9 cases of 
our series. The initial ASIA type was D in these patients 
and remained the same in the last follow-up.

Atici et al. analyzed the complications of Posterior Ver-
tebral Column Resection (PVCR) for the treatment of 17 
patients with severe angular kyphosis > 100°. Complica-
tions occurred in 12 patients (70.6%), comprising spinal 
shock (n=4), hemothorax (n=3), postoperative infection 

(n=2), dural laceration (n=2), neurological deficit (n=2), 
the shifted cage (n=2), and rod fracture (n=2). Neuro-
logical events occurred in 6 patients (35%) which were 
temporary in 5 patients and permanent in the other one. 
They concluded that although PVCR is an efficient tech-
nique for the correction of severe angular kyphosis, it is 
associated with several major complications [16].

Zhang et al. suggested factors such as the patient’s age 
(over 20 years old), the kyphosis angulation (over 120 de-
grees), and gradual onset of paraplegia as the indicators 
of poor prognosis in congenital kyphosis after surgery. 
Particularly, the preoperative duration of paraplegia and 
the severity of paraplegia before the surgery were men-
tioned as the key factors for adverse postoperative neu-
rological prognosis [2]. Yet, these factors did not seem to 
be determinative of the outcome in our series. However, 
to prevent further neurological defects, it is safer to per-
form decompression surgery when spinal cord compres-
sion and cord thinning at the apex are seen in MRI and 
adequate decompression can be achieved surgically.

This study was not without limitations. The retrospec-
tive design and a small number of patients could be re-
garded as the main limitations of this study. However, 
it should be noted that available case series are the best 
way to gather information regarding the outcome of sur-
gical treatment of compressive myelopathy in patients 
with severe angular kyphosis. 

Altogether, our study reveals that severe angular con-
genital kyphosis could result in compressive myelopa-
thy with serious neurological impairments. As the surgi-
cal decompression is shown to correct the neurological 
symptoms in the majority of cases, it is suggested to 
perform surgical intervention as soon as the spinal cord 
compression is detected. Delay in surgery might lead to a 
more complicated operation and impose a further risk of 
neurological damages to an already vulnerable patient. 
Yet, it should be noticed that complete recovery might 
not be achievable and this should be discussed with the 
patients and their families.
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