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Objective : To evaluate the surgical outcomes of partial pedicle subtraction osteotomy (PPSO) in patients with thoracolumbar 
fractures and compare the outcomes of PPSO for burst fractures with those for posttraumatic kyphosis (PTK).
Methods : From June 2013 to May 2019, 20 consecutive adult patients underwent PPSO for thoracolumbar fractures at the levels 
of T10 to L2. Of these patients, 10 underwent surgery for acute fractures (burst fractures), and 10 for sequelae of thoracolumbar 
fractures (PTK). Outcomes of PPSO were evaluated and compared between the groups.
Results : Twenty patients (each 10 patients of burst fractures and PTK) with a mean age of 64.7±11.1 years were included. 
The mean follow-up period was 21.8±11.0 months. The mean correction of the thoracolumbar angle was -34.9°±18.1° (from 
37.8°±20.5°preoperatively to 2.8°±15.2° postoperatively). The mean angular correction at the PPSO site was -38.4°±13.6° (from 
35.5°±13.6° preoperatively to -2.9°±14.1° postoperatively). The mean preoperative sagittal vertical axis was 93.5±6.7 cm, which 
was improved to 37.6±35.0 cm postoperatively. The mean preoperative kyphotic angle at the PPSO site was significant greater in 
patients with PTK (44.8°±7.2°) than in patients with burst fractures (26.2°±12.2°, p=0.00). However, the mean postoperative PPSO 
angle did not differ between the two groups (-5.9°±15.7° in patients with burst fractures and 0.2°±12.4° in those with PTK, p=0.28). 
The mean angular correction at the PPSO site was significantly greater in patients with PTK (-44.6°±10.7°) than in those with burst 
fractures (-32.1°±13.7°, p=0.04). The mean operation time was 188.1±37.6 minutes, and the mean amount of surgical bleeding was 
1030.0±533.2 mL. There were seven cases of perioperative complications occurred in five patients (25%), including one case (5%) of 
neurological deficit. The operation time, surgical bleeding, and complication rates did not differ between groups.
Conclusion : In cases of burst fracture, PPSO provided enough spinal cord decompression without corpectomy and produced 
sagittal correction superior to that achieved with corpectomy. In case of PTK, PPSO achieved satisfactory curve correction 
comparable to that achieved with conventional PSO, with less surgical time, less blood loss, and lower complication rates. PPSO 
could be a viable surgical option for both burst fractures and PTK.
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INTRODUCTION

Thoracolumbar fractures account for about 90% of all spi-

nal column fractures11,18). Approximately 10% to 20% of tho-

racolumbar fractures are burst fractures10,15,23,28) and can be as-

sociated with neurological deficit and kyphotic deformity31). 

The ideal treatment for thoracolumbar burst fractures is still 

controversial4,37,39).

Posttraumatic kyphosis (PTK) is a common sequela of 

acute thoracolumbar fracture and is caused by inappropriate 

conservative treatment, inadequate immobilization, prema-

ture weight bearing, incorrect surgical procedure and fixation, 

and improper choice of internal fixation devices33,36). Pedicle 

subtraction osteotomy (PSO) is a mainstay of treatment for 

PTK, producing excellent curve correction17). However, PSO is 

a technically demanding procedure, and the rate of periopera-

tive complications is high.

We performed partial PSO (PPSO) for kyphotic deformity 

associated with thoracolumbar fractures, which were catego-

rized as burst fractures, and for PTK. The aims of this study 

are to evaluate the surgical outcomes of PPSO in patients with 

thoracolumbar fractures and to compare the outcomes of 

PPSO for burst fractures with those for PTK.

MATERIALS AND METHODS

This study was approved by the Institutional Review Board 

in Kyung Hee University Hospital at Gangdong (KHNMC 

2021-01-005-001). From June 2013 to May 2019, 20 consecu-

tive adult patients underwent PPSO for thoracolumbar frac-

tures at the levels of T10 to L238). Of these patients, 10 under-

went surgery for acute fractures (burst fractures), and 10 

underwent surgery for sequelae of thoracolumbar fractures 

(PTK). Patients who underwent PPSO for infectious disease 

or for sagittal imbalance other than PTK (degenerative f lat-

back or iatrogenic flatback syndrome) were excluded from this 

study. Patients who did not complete at least 1 year of follow-

up were also excluded. For patients with burst fractures, the 

indication for PPSO was unstable fractures (more than a 50% 

loss of vertebral body height or more than 20° of angulation at 

the thoracolumbar junction) with compression of the spinal 

cord or cauda equina by a significant retropulsed fragment. 

The type of burst fracture was classified using AOSpine tho-

racolumbar spine injury classification system13,35). For patients 

with PTK, the indication for PPSO was significant local ky-

phosis (more than 30° angulation) with chronic intractable 

pain or progressive neurological deficits. All procedures were 

performed by a single surgeon at one academic institution.

Clinical assessment
Clinical data, including sex, age, time from initial injury to 

operation, primary or revision surgery status, comorbidities, 

American Society of Anesthesiologists classification, and 

mechanisms of injury, were collected retrospectively through 

medical chart review. Neurological status was measured by 

American Spinal Cord Injury Association (ASIA) classifica-

tion14,21). The thoracolumbar angle (TL) was measured be-

tween the upper endplate of T10 and lower endplate of L2. The 

angle at the PPSO site was measured between the upper end-

plate of the adjacent upper vertebra and the lower endplate of 

the adjacent lower vertebra. The sagittal vertical axis (SVA), 

which was checked in patients who tolerated the upright posi-

tion, was measured as the distance from the C7 sagittal plumb 

line to the perpendicular line running from the superior pos-

terior corner of the S1 vertebral body. The proximal junctional 

angle was defined as the angle between the caudal endplate of 

the uppermost instrumented vertebrae to the cephalad end-

plate of the two supra-adjacent vertebrae above those verte-

brae. Proximal junctional kyphosis was defined as a proximal 

junctional angle of more than 10° and at least 10° greater than 

the preoperative value. We documented operative details such 

as the number of fused segments, operation time, estimated 

blood loss, use of a distal laminar hook, and length of hospital 

stay. Perioperative complications and postoperative mechani-

cal complications were also evaluated.

Operative techniques
All procedures were performed under intraoperative neuro-

physiological monitoring. The operative procedure of PPSO 

was mostly similar to that of conventional PSO3), however, the 

major differences were the extent of pedicle removal and of 

laminectomy. In PPSO, the inferior thin rim of the pedicle 

was preserved, and the lower half of the lamina, which was 

connected to the inferior rim of the pedicle, remained intact, 

without loss of structural integrity. Next, subtotal pediculec-

tomy was performed, and wedge-shaped cancellous bone was 

removed. During this procedure, the retropulsed bone frag-
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Fig. 1. Diagram of partial pedicle subtraction osteotomy. A : After 
removal of upper part of lamina, vertebral body is resected with wedge-
shaped fashion (dotted line). Lower rim of pedicle is preserved. B : After 
closure of osteotomy site, thin pedicle bridge (dotted circle) and part of 
the posterior element remained intact, providing enhanced structural 
integrity and better fusion bed. 

A B

Fig. 2. Intraoperative photograph of partial pedicle subtraction osteotomy. 
A : Before closure of osteotomy site, spinal canal decompression is verified. 
Note that lower lamina of index vertebra remained intact (arrows). B : 
Complete closure of posterior element is achieved after closure of 
osteotomy site. 

A B

Table 1. Demographic data

Burst fracture (n=10) PTK (n=10) p-value

Age (years) 64.1±14.4 65.3±7.1 0.97

Sex, M : F 7 : 3 3 : 7 0.14

Follow-up period (months) 17.7±9.5 26.0±11.2 0.22

Time from injury to operation (days) 10.2±16.1 2646.0±4371.4 0.00

Previous operation 0 (0.0) 2 (20.0) 0.47

Hypetension 5 (50.0) 7 (70.0) 0.65

Diabetes mellitus 2 (20.0) 3 (30.0) 0.65

Osteoporosis 4 (40.0) 4 (40.0) 1.00

Bone mineral density -1.6±2.6 -2.1±1.6 0.73

ASA classification 2.2±0.4 2.2±0.4 1.00

Antiplatelet medication 3 (30.0) 2 (20.0) 1.00

Mechanism of injury

Slip down 3 5

Falling 3 1

Motor vehicle accident 3 1

Miscellaneous 1 1

Unknown 0 2

Fractured vertebra

T10 1 0

T11 0 2

T12 2 1

L1 5 4

L2 2 3

Values are presented as mean±standard deviation or number (%). PTK : posttraumatic kyphosis, M : male, F : female
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ment compressing the spinal cord or cauda equina was also 

removed. After the bilateral cortical wall of the index vertebra 

was removed, the osteotomy site was closed gradually with 

careful inspection for dural kinking or compression (Fig. 1). 

After the completion of the closure of the osteotomy site, 

bone-to-bone contact of the posterior element was achieved 

(Fig. 2).

Statistical analysis
For statistical analysis, we used SPSS version 22.0 (IBM, 

Corp., Armonk, NY, USA). The chi-square test was used for 

dichotomous data analysis. The Mann-Whitney U test was 

employed to analyze differences in categorical variables. A p-

value of less than 0.05 was considered statistically significant.

RESULTS

Baseline characteristics
Data from 20 patients (10 men and 10 women) with a mean 

age of 64.7±11.1 years were evaluated (Table 1). The mean fol-

low-up period was 21.8±11.0 months. The most common 

mechanism of injury was slip down (n=8), followed by motor 

vehicle accident (n=4) and falling (n=4). The level most com-

monly fractured was L1 (n=9), followed by L2 (n=5) and T12 

(n=3). For 10 patients with burst fractures, most common 

fracture type was A4 (n=6), followed by B2 (n=3) and B1 (n=1), 

according to AOSpine thoracolumbar spine injury classifica-

tion system.

Ten patients had burst fractures, and 10 had PTK. Age, sex, 

length of follow-up, and previous operation history did not dif-

fer significantly between the two groups. However, the mean 

time from initial injury to operation was significantly shorter 

in patients with burst fractures (10.2±16.1 days) than in patients 

with PTK (2646.0±4371.4 days; p=0.00). Comorbidities, includ-

ing hypertension, diabetes mellitus, osteoporosis, and bone 

mineral density, did not differ significantly between the two 

groups nor did American Society of Anesthesiologists classifi-

cation or proportion of patients taking antiplatelet medication.

Radiographic outcomes
The radiographic outcomes are summarized in Table 2. All 

patients achieved solid fusion at the osteotomy site, in both 

groups. The mean preoperative TL was 37.8°±20.5°, which was 

corrected to a mean of 2.8°±15.2°. The mean correction of the 

TL was -34.9°±18.1°. The mean angular correction at the PPSO 

site was -38.4°±13.6° (from 35.5°±13.6° preoperatively to -2.9°±

14.1° postoperatively). The mean preoperative SVA was 93.5±

Table 2. Radiographic characteristics

Burst fracture (n=10) PTK (n=10) p-value

Thoracolumbar angle (°)

Preoperative 27.0±18.7 48.5±16.7 0.02

Postoperative 0.9±17.5 4.7±13.0 0.17

Ultimate follow-up 5.3±18.2 8.5±12.8 0.63

Correction -26.1±15.9 -43.8±16.4 0.04

PPSO angle (°)

Preoperative 26.2±12.2 44.8±7.2 0.00

Postoperative -5.9±15.7 -0.2±12.4 0.28

Ultimate follow-up -3.7±12.5 2.5±13.9 0.25

Correction -3.7±12.5 -44.6±10.7 0.04

Sagittal vertical axis (mm)

Preoperative – 93.5±64.7 –

Postoperative 42.2±33.2 33.9±37.7 0.90

Ultimate follow-up 29.4±39.7 39.7±45.3 0.67

Correction – -59.6±76.7 –

Values are presented as mean±standard deviation. PTK : posttraumatic kyphosis, PPSO : partial pedicle subtraction osteotomy
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64.7 cm, which was improved to 37.6±35.0 cm postoperatively 

(Figs. 3 and 4).

The mean preoperative TL was significantly greater in pa-

tients with PTK (48.5°±16.7°) than in patients with burst frac-

tures (27.0°±18.7°; p=0.02). However, the postoperative TL did 

not differ between patients with burst fractures and those 

with PTK (0.9°±17.5° vs. 4.7°±13.0°; p=0.17). The mean preop-

erative kyphotic angle at the PPSO site was significant greater 

in patients with PTK (44.8°±7.2°) than in patients with burst 

fractures (26.2°±12.2°; p=0.00). However, the mean postopera-

tive PPSO angle did not differ between the two groups (-5.9°±

15.7° in patients with burst fractures and 0.2°±12.4° in those 

with PTK; p=0.28). The mean angular correction at the PPSO 

site was significantly greater in patients with PTK (-44.6°±

10.7°) than in those with burst fractures (-32.1°±13.7°; p=0.04). 

The mean postoperative SVA did not differ between the two 

groups (p=0.90).

A B C D E

Fig. 4. A : A 58-year-old woman presented with 10-year history of persistent pain on back and lower extremities after slip down. She also complained of 
progressive stooped posture on walking. Preoperative X-ray showed posttraumatic kyphosis at L1 (46.1°). B : Postoperative X-ray at 3 months showed 
improvement of kyphotic deformity (5.0°) with good sagittal alignment. C : Postoperavie X-ray at the last follow-up (postoperative 1 year) did not show 
loss of correction or junctional kyphosis. D : Preoperative computed tomography (CT) showed kyphotic deformity due to old trauma. E : Postoperative 
CT showed solid arthrodesis of osteotomized vertebra with part of intact posterior element (arrow).

A B C E

D

Fig. 3. A : A 60-year-old man presented with complete paraplegia after falling from fourstory building. Initial X-ray revealed L1 burst fracture with 
kyphotic deformity (26.0°). B : Postoperative X-ray at 3 months showed correction of local kyphosis to -14.0°. Note the remained thin pedicle after partial 
pedicle subrtraction osteotomy (arrow). C : Solid fusion was achieved at the last follow-up (postoperative 2 years) without loss of correction. D and E : 
Preoperative and posteoperative computed tomography showed removal of retropulsed fragment and decompression of spinal canal.
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Surgical outcomes
The operative details are summarized in Table 3. The mean 

number of instrumented vertebrae was 5.7±1.0. In nine pa-

tients (47.4%), distal laminar hooks were applied to augment 

distal screws. Among all patients, the mean operation time 

was 188.1±37.6 minutes, the mean amount of surgical bleed-

ing was 1030.0±533.2 mL, and the mean length of hospital 

stay was 24.0±9.2 days.

Patients with burst fractures showed no significant differ-

ences from patients with PTK with regard to the number of 

instrumented vertebrae (5.6±1.0 vs. 5.8±1.0; p=0.63), applica-

tion of distal hooks (55.6% vs. 40.0%; p=0.66), operation time 

(187.3±40.8 minutes vs. 188.9±36.5 minutes; p=0.93), amount 

of surgical bleeding (1070.0±537.6 mL vs. 990.0±554.7 mL; 

p=0.74), or length of hospital stay (21.3±9.8 days vs. 26.6±8.3 

days; p=0.12).

Surgical complications
Seven cases of perioperative complications occurred in five 

patients (25%). These complications included neurological 

deficit in one patient (5%) with PTK (Table 4). Of the patients 

with burst fractures, one had a urinary tract infection, one 

had fungemia, one had pseudomembranous colitis, and one 

had deep vein thrombosis. Of the patients with PTK, one had 

delirium, one had a urinary tract infection, and one had neu-

rological deficit. The complication rates among patients with 

burst fractures and among those with PTK did not differ sig-

nificantly (p=0.66).

Postoperative mechanical complications included four cases 

of screw loosening (in two patients with burst fractures and 

two with PTK) and two cases of proximal junctional kyphosis 

(both in patients with PTK). Pseudarthrosis did not occur. 

The rates of mechanical complications in the two groups did 

not differ (p=0.63).

Table 4. Summary of complications

Burst fracture (n=10) PTK (n=10) p-value

Complications 4 3 0.66

Delirium 0 1

Urinary tract infection 1 1

Fungemia 1 0

Pseudomembranous colitis 1 0

Deep vein thrombosis 0 1

Neurologic deficit 1 0

Mechanical complications 2 4 0.63

Screw loosening 2 2

Proximal junctional kyphosis 0 2

Pseudarthrosis 0 0 –

Additional operation 0 2 0.47

PTK : posttraumatic kyphosis

Table 3. Operative details

Burst fracture (n=10) PTK (n=10) p-value

Number of instrumented vertebrae 5.6±1.0 5.8±1.0 0.63

Utilization of distal laminar hook 5 (50.0) 4 (40.0) 0.66

Surgical time (minutes) 187.3±40.7 188.9±36.5 0.93

Estimated blood loss (mL) 1070.0±537.6 990.0±554.7 0.74

Length of hospital stay (days) 21.3±9.8 26.6±8.3 0.12

Values are presented as mean±standard deviation or number (%). PTK : posttraumatic kyphosis
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Two patients with PTK required additional surgery postop-

eratively. One of these patients suffered from postoperative 

weakness in both lower extremities. Postoperative computed 

tomography showed a remnant bone cement material within 

the anterior spinal canal at the PPSO site. After the bone ce-

ment material was removed during revision surgery, leg 

strength was improved, and the patient was able to walk inde-

pendently with some aid (ASIA class D). The other patient 

complained of persistent back pain at the operation site over 

the cross-link. After the cross-link was removed, the back 

pain resolved. No patients with burst fractures required addi-

tional surgery. The proportion of patients who underwent ad-

ditional surgery was not statistically different between groups 

(p=0.47).

Neurological outcomes
Four patients (40%) in each group showed improved neuro-

logical status postoperatively (Table 5). In one patient with 

PTK, neurological status deteriorated postoperatively (ASIA 

class E preoperatively and ASIA class D postoperatively), but 

no patient with burst fractures showed neurological deteriora-

tion. The two groups showed no significant differences in pre-

operative and postoperative ASIA classes (p=0.06 and p=0.25, 

respectively).

DISCUSSION

We analyzed the radiographic and clinical results of PPSO 

performed on patients with burst fractures and PTK. PPSO 

produced satisfactory correction of kyphosis and clinical out-

comes in both groups of patients. The degree of kyphotic de-

formity, measured by preoperative TL and PPSO angles, was 

greater in patients with PTK than in those with burst frac-

tures, but the final radiographic results were equally satisfac-

tory in both groups. The direct comparison of outcomes for 

burst fractures and PTK may be questionable. However, with 

regard to kyphotic deformity, both pathological entities are on 

the same spectrum of PTK, as described by Munting29) In-

deed, all patients with burst fractures showed a significant de-

gree of local kyphosis (26.2°±12.2°). This means that sagittal 

realignment is as important as neural decompression and sta-

bilization.

In surgery for burst fractures, an anterior approach, a poste-

rior approach, and a combined (circumferential) approach 

may be used12,22,27). Although the mode of treatment is contro-

versial, corpectomy would be considered regardless of the ap-

proach in cases of severe spinal cord compression and neuro-

logical deficit26,31). The advantages of the anterior approach are 

good exposure for the direct decompression of the spinal ca-

nal, good reconstruction of the anterior and middle portions 

of the spinal column, provision of solid fusion, and better es-

tablishment of sagittal realignment31). However, this approach 

entails a higher risk of injury to the visceral structure, and cir-

cumferential reconstruction is mandatory for the injury of the 

posterior tension band9,15). The posterior stabilization tech-

nique is familiar to spine surgeons, but it is harder to achieve 

adequate sagittal realignment with this approach than with 

the anterior approach, and postoperative progression of ky-

phosis can occur5,32).

We suggest several advantages of PPSO over anterior or 

posterior corpectomy in cases of burst fractures. First, 

through poster column shortening, the amount of correction 

that we achieved (32.1°±13.7° at the PPSO site) was greater 

Table 5. Perioperative ASIA classification

Burst fracture (n=10) PTK (n=10)

Preoperative Postoperative Preoperative Postoperative

A 1 0 0 0

B 0 1 0 0

C 2 0 0 0

D 4 3 3 1

E 3 6 7 9

Improvement 4/10 4/10

ASIA : American Spinal Cord Injury Association, PTK : posttraumatic kyphosis
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than that previously reported for corpectomy (ranging from 

10° to 20°)26,31,32). Rather, surgeons should be careful not to 

overcorrect the osteotomy site, because burst fracture can of-

ten be highly unstable. Second, problems associated with the 

posterior approach, such as loss of correction or instrument 

failure, could be minimized by solid arthrodesis through 

complete closure of the posterior column5,32). Finally, the com-

plications associated with corpectomy, including visceral in-

jury (during anterior corpectomy) or root injury (during pos-

terior corpectomy), can be avoided with PPSO. Although the 

amount of kyphotic deformity caused by burst fractures is 

generally less than that of PTK, iatrogenic flatback deformity 

can progress as a result of insufficient sagittal correction of 

burst fractures5,25,32). Therefore, PPSO is an alternative to cor-

pectomy in the treatment of burst fractures accompanied by 

significant sagittal malalignment and spinal cord compres-

sion.

The mainstay of surgical treatment for PTK is posterior-

based osteotomy, and PSO became the principal means of cor-

rection33). PSO is a powerful method of treating rigid kyphotic 

deformity, and in most previous studies, investigators reported 

an amount of correction ranging from 30° to 40°2,6,19,30). Despite 

such powerful correction, however, PSO is still a technically de-

manding procedure for spine surgeons. In this study, PPSO 

took less surgical time than did conventional PSO. Further-

more, blood loss was decreased, and the rates of perioperative 

complications were lower2,7,16,41). Furthermore, by remaining a 

thin shell of lower margin of pedicle, satisfactory curve correc-

tion comparable to PSO could be obtained. During PSO, com-

plete excision of pedicle (especially medial and lower margin), 

poses possibility of root injury and dural tear. Authors think 

that remaining cortical shell of pedicle could decrease the risk 

of neural injury without significant loss of correction amount. 

Moreover, because a thin cortical bridge connected the osteoto-

mized vertebral body to the posterior element, PPSO provided 

better structural stability for the osteotomized vertebra for solid 

arthrodesis. Complete closure of the posterior element, which is 

sometimes not possible in PSO with wide laminectomy20), en-

hances fusion, and this is another advantage of PPSO because 

total laminectomy is unnecessary. Therefore, we believe that 

PPSO is an alternative to PSO in cases in which total laminec-

tomy is not required for extensive spinal cord decompression.

Because conventional PSO is a technically demanding pro-

cedure, high rates of perioperative complications have been 

reported in previous studies3,6,8,19). Daubs et al.7) reported that 

of 65 patients, 25 (38.4%) suffered from minor or major peri-

operative complications, including neurologic deficits in four 

(6.2%). Auerbach et al.1) demonstrated that 38% (33/87) and 

53% (46/87) of PSO procedures were associated with major 

and minor complications, respectively. In our study, PPSO 

was associated with a lower rate of perioperative complica-

tions (25%) than in previous studies of conventional PSO. 

Nevertheless, several studies of PSO performed exclusively for 

PTK demonstrated lower complication rates, ranging from 5% 

to 15%25,30,40,42). However, the mean ages in those studies were 

the 40s, as opposed to 64.7 years in this study. Because the 

older age is a well-known risk factor for perioperative compli-

cations of deformity surgery24,34), we believe that different pa-

tients’ characteristics may account for the lower rates of peri-

operative complications in those studies.

We have described our experiences of managing burst frac-

tures and PTK with PPSO. In cases of burst fracture, PPSO 

provided enough spinal cord decompression without corpec-

tomy and produced sagittal correction superior to that 

achieved with corpectomy. In cases of PTK, PPSO achieved 

satisfactory curve correction comparable with that achieved 

with conventional PSO, with less surgical time, less blood loss, 

and lower complication rates. Moreover, the retained thin 

pedicle bridge and part of the posterior element enhanced 

structural integrity and provided better fusion until solid ar-

throdesis was performed.

This study is limited by its retrospective nature without 

randomization. The small sample size and relatively short pe-

riod of follow-up were other limitations. Lastly, this study did 

not contain patient-reported outcomes such as Scoliosis Re-

search Society questionnaire or Oswestry disability index. 

This is because such questionnaire could not be conducted in 

most patients with burst fractures, who required urgent surgi-

cal treatment. Therefore, further study with a larger popula-

tion would be necessary to validate our findings.

CONCLUSION

Patients with thoracolumbar injuries, categorized as burst 

fractures and PTK, underwent surgery with PPSO. In cases of 

burst fracture, PPSO provided enough spinal cord decom-

pression without corpectomy and produced sagittal correc-
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tion superior to that achieved with corpectomy. In case of 

PTK, PPSO achieved satisfactory curve correction comparable 

to that achieved with conventional PSO, with less surgical 

time, less blood loss, and lower complication rates. Moreover, 

the retained thin pedicle bridge and part of the posterior ele-

ment enhanced structural integrity and provided better fusion 

bed until solid arthrodesis was performed. PPSO could be a 

viable surgical option for both burst fractures and PTK.
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