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Outcomes of Non-Operative Management for Pseudar-
throsis after Pedicle Subtraction Osteotomies at Mini-
mum 5 Years Follow-Up
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Objective : Minimal data exist regarding non-operative management of suspected pseudarthrosis after pedicle subtraction
osteotomy (PSO). This study reports radiographic and clinical outcomes of non-operative management for post-PSO pseudarthrosis
at a minimum 5 years post-detection.

Methods : Nineteen consecutive patients with implant breakage indicating probable pseudarthrosis after PSO surgery (13 women/
six men; mean age at surgery, 58 years) without severe pain and disability were treated with non-operative management
(mean follow-up, 5.8 years; range, 5-10 years). Non-operative management included medication, intermittent brace wearing and
avoidance of excessive back strain. Radiographic and clinical outcomes analysis was performed.

Results : Sagittal vertical axis (SVA), proximal junctional angle, thoracic kyphosis achieved by a PSO were maintained after
detection of pseudarthrosis through ultimate follow-up. Lumbar lordosis and PSO angle decreased at final follow-up. There was
no significant change in Oswestry Disability Index (ODI) scores and Scoliosis Research Society (SRS) total score, or subscales of pain,
self-image, function, satisfaction and mental health between detection of pseudarthrosis and ultimate follow-up. SVA greater than
11 cm showed poorer ODI and SRS total score, as well as the pain, self-image, and function subscales (p<0.05).

Conclusion : Non-operative management of implant failure of probable pseudarthrosis after PSO offers acceptable outcomes
even at 5 years after detection of implant breakage, provided SVA is maintained. As SVA increased, outcome scores decreased in this
patient population.
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INTRODUCTION achieve correction of spinal deformity in cases with severe,
rigid curves and may be employed to help restore both coro-
Pedicle subtraction osteotomy (PSO) may be necessary to nal and sagittal spinopelvic alignment'”. Although PSO pro-
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cedures are associated with greater correction of adult spinal
deformity, these procedure are associated with significant
risk, with complications described in 21% to 34% of pa-
tients®!>172323),

Pseudarthrosis is one of the most common complications
and also one of the most common indications for revision
surgery after PSO">*1%19) Kim et al."” reported that the rate of
pseudarthrosis after PSO was surprisingly high at 29%. How-
ever, not all of these pseudarthrosis patients have severe clini-
cal discomforts meriting revision surgery®'#*"??. Therefore, it
is often difficult to predict which patients are likely to improve
clinically and which will be functionally more compromised
over time after detection of pseudarthrosis.

Several studies have previously demonstrated that revision
rates after PSO range from 12% to 23%"*"1>>1819 Most stud-
ies on PSO outcomes have typically reported revision rates up
to 2 years of follow-up. Revision procedures for non-mechani-
cal complications such as neurologic deficit, infection, and
wound dehiscence typically occur within the first year after
index surgery. However, revision surgery for mechanical com-
plication such as pseudarthrosis, implant failure, junctional
failure, and loss/lack of correction have been reported to oc-
cur between 2 years and 5 years as well, beyond the reported
follow-up of most PSO studies'.

To the best of our knowledge, there are no published reports
on the results of non-operative management for pseudarthro-
sis after PSO with long-term follow-up. The specific aim of
this study was to report radiographic and clinical outcomes at
a minimum of 5 years after detection for non-operative man-
agement and to analyze the characteristics of probable pseud-
arthrosis after PSO.

MATERIALS AND METHODS

Patient population

After Institutional Review Board approval (Ulsan Universi-
ty Hospital 2018-09-016), a retrospective radiographic and
clinical analysis was conducted of patients who had under-
gone PSO for spinal deformity between 1999 and 2009. Data
was collected and analyzed by an independent senior spine
surgeon not involved in the surgical treatment. Of 335 patients
who underwent PSO, pseudarthrosis was found in 32 patients

(9.6%). Non-operative management was initially attempted in
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patients with pseudarthrosis. Revision surgery was done in
nine patients : five cases were due to patient’s severe pain and
four cases were due to severe deformity. Twenty-three patients
who had non-operative management (observation, medica-
tion, avoidance of excessive back strain, and intermittent brace
wearing) for pseudarthrosis as a complication after a PSO
were identified. However, four patients were lost to follow-up
before the 5-year follow-up period. Nineteen patients had
complete medical records, including preoperative and postop-
erative radiographic data, operative data, hospital data, and a
minimum 5-year follow-up. Demographic data and complica-
tions were recorded. Radiographs and patient-reported out-
come questionnaires were done prospectively and then data

that had been collected was reviewed retrospectively.

Radiographic measurements

Standing 36-inch long cassette anteroposterior (AP) and
lateral radiographs of the spine were measured preoperatively,
immediate postoperatively, and at ultimate follow-up with a
minimum 5-year. All radiographic measurements were per-
formed by one author, an attending spine surgeon who was
not part of the surgical team.

Radiographic criteria used to define pseudarthrosis were as
follows : 1) loss of fixation, such as implant breakage, dislodg-
ment of rods or hooks, or a lucent halo around a pedicle
screw; 2) lack of bridging bone across motion segments on
computed tomography; 3) subsequent disc space collapse at
the distally instrumented motion segment compared with the
findings at the first postoperative visit; 4) any motion on side
bending or flexion/extension plain radiographs; and 5) pro-
gression of the deformity clinically or radiographically™.

Proximal junctional angle (PJA) was defined using the cau-
dal endplate of the upper instrumented vertebra (UTV) and
the cephalad endplate of the vertebra 2 segments proximal to
the UIV (UIV+2) and pedicle subtraction osteotomy angle
(PSOA) was defined as the angle between the caudal endplate
of 1 supra-adjacent vertebra above the osteotomy site and the
caudal endplate of 1 infra-adjacent vertebra below the osteoto-
my site. The Cobb method was used to measure thoracic ky-
phosis (TK : T5-T12), thoracolumbar kyphosis (TLK : T10-
L2), and lumbar lordosis (LL : T12-S1)?. Standard spino-
pelvic parameters were recorded, as was sagittal vertical axis
(SVA).



Patient-reported outcomes

All clinical questionnaires were collected prospectively. Os-
westry Disability Index (ODI)® and Scoliosis Research Soci-
ety-30 (SRS)" patient-reported outcomes were collected pre-
operatively and at each follow-up visit. Total SRS scores were
converted to a 100-point scale. In addition, pain, self-image,
function, satisfaction, and mental health domain scores were

evaluated.

Statistical analysis

Data were analyzed using SPSS ver. 10.0 software (SPSS Inc.,
Chicago, IL, USA). Statistical analysis included descriptive
statistics, means, standard deviation, and ranges. For most
variables for which data were collected before and after sur-
gery, paired t tests were used to determine whether there was a
significant change between time points. The Mann-Whitney
U test was used to assess the difference of continuous mea-
sures across groups. A p value <0.05 was considered signifi-
cant.

Table 1. Demographic data
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RESULTS

Patient data
Patient demographics information including age at time of
surgery, sex, mean follow-up period from defection of pseud-

arthrosis, and pre-PSO diagnosis is presented in Table 1.

Surgical procedure (PSO)

Pedicle screws were placed at the upper instrumented verte-
brae for all but one patient (hook). The LIV was SI including
the ilium in 16 patients (84.2%). The number of rods used in
the PSO surgery were two in all except two patients (three
rods) and the rod size was 5.5 mm stainless steel in diameter
in all but three patients (6.35 mm stainless steel). Bone morpho-

genetic protein was used in 10 patients (Table 2).

Characteristics of probable pseudarthrosis
Radiographic characteristics of pseudarthrosis including
level of PSO, radiographic findings, site of pseudarthrosis and

Value

Gender

Age at operation (years)

BMI (kg/m’)

Total follow-up (years)

Detection of pseudarthrosis to ultimate F/U (years)

Initial diagnosis

Level of PSO
No. of fused vertebrae
Comorbidity

Common radiographic findings

13 women; 6 men
58.0+9.9 (39.5-69.0)
264+6.1 (20.4-46.0)

8.5+2.3 (6.0-12.6)
58£1.3(5-10)

8 degenerative lumbar kyphoscoliosis
7 adult idiopathic scoliosis
3 postoperative state of Idiopathic scoliosis
1 postoperative state of burst fracture

4atl2,12atl3,3atl4
10.6+3.6 (5-16)

5 patients (0 smokers; 6 comorbidities)

Rod breakage (n=16, 84.2%; 13 in unilateral; 3 in bilateral)

Disc space collapse (n=2, 10.5%)

Pedicle screw pull-out (n=3, 15.8%; 2 in unilateral; 1 in bilateral)

Site of pseudarthrosis

Detection time of pseudarthrosis (months)

Halo sign around pedicle screw (n=1, 5.3%)

4 patients (21.2%) at PSO
15 patients (78.8%) at non-PSO

32.8+23.2 (range, 12-91)
52.5£35 (range, 19-91) in pseudarthrosis at PSO site

276171 (range, 12-61) in pseudarthrosis at non-PSO site

Values are presented as mean+standard deviation (range) unless otherwise indicated. BMI : body mass index, F/U : follow-up, PSO : pedicle subtraction

osteotomy
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Table 2. Surgical procedure of pedicle subtraction osteotomy

PSO level Pse“d;::hmis Ra‘::g;:ghi‘ ASF uiL LL  No.ofrod Siz&:’;‘;w :rg';
1 L2 L2-3 Right rod fracture 13-4 T3 (5) [lium 2 55 0
2 14 L5-S1 Right rod fracture L3-4-5 T5(S) [lium 2 55 302
3 L3 L5-51 Both rod fracture L5-S1 T10(5) llium 2 55 0
4 L3 [4-5 Left rod fracture L5-51 T9 (S). [lium 2 6.5
5 L3 [1-2 Screw pull out L1(S) S1(5) 2 55 0
6 L2 [5-51 Disc space collapse, T11 (S) S1(5) 2 55 36
halo sign
7 L3 (picture) L5-S1, T1-12 both rod fracture, L3-4-5-51 T (S) [lium 2 55 72
screw pull out

L3 [5-S1 Left rod fracture [5-S1 T4 (S) lium 2 6.5 12
9 L2 L2-3 Right rod fracture L3-4 T4(S) [lium 3 55 24
10 L2 T10-11 Right rod fracture L5-51 T5 (H) [lium 2 55 0
1 L3 T12-11 Left rod fracture L5-51 T12(5) [lium 2 55 0
12 L4 T10-11 Left rod fracture T3 (9 [lium 2 6.5 0
13 L3 L5-S1 Both rod fracture [3-4-5-51 T4(S) [lium 3 55 0
14 L3 13-4 Right rod fracture [4-5 T9(5) S1(5) 2 55 0
15 L3 T12-L1 Left rod fracture T10(S) lium 2 55 25
16 L3 L5-ST and T10-11 Left rod fracture L5-51 T11 () [lium 2 55 24
17 L3 L5-51 Right rod fracture L5-51 T12.(5) lium 2 55 48
18 L4 T11-12, L5-51 Screw pull out, disc T11 () [lium 2 55 132

space collapse

19 L3 L3-4 Left rod fracture L3-4 T (9) lium 2 55 72

PSO : pedicle subtraction osteotomy, ASF : anterior spinal fusion, UIL : uppermost instrumented level, LIL : lowest instrumented level, BMP : bone
morphogenic protein, S : pedicle screw, H : hook

3
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Fig. 1. A70-year-old female had sagittal imbalance due to proximal junctional kyphosis occurring after pedicle subtraction osteotomy. A : Standing AP and later-
al radiographs at 1 year after pedicle subtraction osteotomy. B : Standing AP and lateral radiographs at 2 months after three column osteotomy. C : Standing AP
and lateral radiographs at 4 years after three column osteotomy presents bilateral rod breakage at lumbosacral junction in which anterior spinal fusion in L5-51
was performed. D : Standing AP and lateral radiographs at 6 years after detection of pseudarthrosis. AP : anteroposterior.

detection time of pseudarthrosis are presented in Table 1. In 16 patients with rod breakage) were unilateral, but three pa-

terms of the numbers of broken rods, most of patients (13 of tients had bilateral rod breakage. All three patients with bilat-
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Fig. 2. A 72-year-old female had sagittal imbalance due to degenerative lumbar kyphoscoliosis. A : Standing AP and lateral radiograph before pedicle subtrac-
tion osteotomy. B : Standing AP and lateral radiographs at 2 months after pedicle subtraction osteotomy on L3. C: Standing AP and lateral radiographs at 2 years
after pedicle subtraction osteotomy presents right rod breakage at pedicle subtraction osteotomy site. The arrow indicating the broken portion of the rod. D :
Standing AP and lateral radiographs at 5 years after detection of pseudarthrosis. The arrow indicating the broken portion of the rod. AP : anteroposterior.

Table 3. Time-dependent radiotraphic change

Preop PO#2M Detection of PS #1Y after detection  #5Y after detection
SVA (cm) 169174 29456 8.5+5.8 9.0+6.2 89+5.8
P* (preop vs. PO) P000 P.0O00 P000 P.000
P* (PSvs. #1 Y/#5Y) P544 P608
PJA (%) 9.2+12.0 11.5411.2 12.6+10.1 13.7£104 13.6+9.7
P* (preop vs. PO) P160 P162 P.080 P082
P* (PSvs. #1 Y/#5Y) P379 P388
TK () 16.9+19.2 2754147 2914141 19.24173 28.6+16.9
P* (preop vs. PO) P0O01 P.0O00 P003 P03
P* (PSvs. #1 Y/#5Y) P928 P77
TLK (°) 18.2+£25.7 8.5+17.3 8.3+209 9.7£209 9.9420.0
P* (preop vs. PO) P098 P1M P176 P175
P* (PSvs. #1 Y/#5Y) P216 P177
LL(°) -4.0+17.1 -43.54159 -35.8+14.4 -33.6+16.1 -33.8+154
P* (preop vs. PO) P000 P000 P000 P000
P* (PSvs. #1 Y/#5Y) P051 P042
PSOA (°) 14.9+17.0 -199+13.9 -18.1£159 -14.2+189 -13.4+187
P* (preop vs. PO) P000 P000 P000 P000
P* (PSvs. #1 Y/#5Y) P.089 P044
PI(%) 4944135 52.8+104 541411.2 5494111 5344110
P* (preop vs. PO) P102 P003 P0O06 P04
P* (PSvs. #1 Y/#5Y) P365 P303

*Statistically significant if p<0.05. Preop : preoperative, PO : postoperative, M : month, PS : pseudarthrosis, Y : year, SVA : sagittal vertical axis, PJA :
proximal junctional angle, TK : thoracic kyphosis, TLK : thoracolumbar kyphosis, LL : lumbar lordosis, PSOA : pedicle subtraction osteotomy angle, P! :
pelvic incidence

eral rod breakage had pseudarthrosis at the non-PSO site L5-S1 was performed (Fig. 1). The non-PSO site included the

(lumbobsacral junction) in which anterior spinal fusion at lumbosacral junction (9/19) and thoracolumbar junction

J Korean Neurosurg Soc 62 (5) : 567-576 571
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(6/19). The two disks space collapse occurred at the L5-S1 in
which anterior spinal fusion was not performed, and all 3
pedicle screw pull-outs occurred at the UIV (1 in L1 and 2 in
T11). Interestingly, all four of the patients with pseudarthrosis
at the PSO site had an interbody device placed at either the
PSO segment or the adjacent segment (Fig. 2).

Time-dependent radiographic changes
Time-dependent radiographic changes including SVA, PJA,
TK, TLK, LL, PSOA, and pelvic incidence (PI) are presented
in Table 3. Mean SVA, TK, LL, and PSOA were significantly
different between preoperative and 2 months post-surgery
(p<0.05). All of the radiographic changes were not significant-
ly different between value at detection of pseuarthrosis and

value at 1 year and 5 years after detection (p>0.05).

Table 4. Time-dependent clinical change

Time-dependent clinical outcome changes
Time-dependent clinical outcomes changes are presented in
Table 4. Both the ODI and SRS questionnaire scores improved
significantly when comparing preop to ultimate follow-up
scores. All scores worsened at detection of the pseudarthrosis
but did not progressively worsen between detection and ulti-
mate follow-up. There was no significant change in ODI
scores and SRS total score, or subscales of pain, self-image,
function, satisfaction, and mental health between detection of

pseudarthrosis and ultimate follow-up (p>0.05).

Comparison of clinical outcomes according to Pl
and SVA

We further evaluated the difference in outcomes by divid-
ing the patients into two groups : group I, PI £60° and group
I1, P >60° (Table 5). At ultimate follow-up, the mean ODI and

total SRS scores were worse in group II vs. group I, respective-

Preop PO#2 M Detection of PS #1Y after detection  #5Y after detection
ODI (100) 56.9+14.2 34.5414.0 36+13.6 4314181 40.3+16.7
P* (preop vs. PO) P000 P.0O00 P109 P002
P*(PSvs. #1 Y/#5Y) P106 P103
SRS total score (100%) 4724141 70.8+12.9 674+13.6 65.2+14.0 62.9+13.9
P* (preop vs. PO) P000 P000 P000 P000
P* (PS vs. #1 Y/#5Y) P172 P104
SRS pain (5) 2.2+0.8 3.2+1.03 29409 2.8+09 2.7+0.8
P* (preop vs. PO) P000 P002 P0O15 P041
P* (PSvs. #1 Y/#5Y) P165 P061
SRS self image (5) 21+0.8 3.5+£0.7 3.3+09 3.0+0.8 30.0£0.7
P* (preop vs. PO) P000 P.000 P002 P002
P*(PSvs. #1 Y/#5Y) P047 P102
SRS function (5) 22408 31+0.7 3.0+0.8 2.8+09 2.8+09
P* (preop vs. PO) P010 P000 PO11 PO
P* (PSvs. #1 Y/#5Y) P053 P053
SRS satisfaction (5) 24+09 4.0+09 39411 3.841.0 3.841.0
P* (preop vs. PO) P000 P002 P003 P003
P* (PSvs. #1 Y/#5Y) P604 P604
SRS mental health (5) 29+09 39+0.8 3.7+0.8 39406 3.6+0.5
P* (preop vs. PO) P0.002 P003 POO1 P.006
P* (PSvs. #1 Y/#5Y) P272 p.272

*Statistically significant if p<0.05. Preop : preoperative, PO : postoperative, M : month, PS : pseudarthrosis, Y : year, ODI : Oswestry Diability Index, SRS :

Scoliosis Research Scociety
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Table 5. Comparison of clinical outcomes according to Pland SVA

Pl <60 Pl >60 p-value* SVA <11 cm SVA >11 cm p-value*
ODI (100)
Preop 576+14.5 55.5+14.7 0.773 5204131 59.24+14.6 0.318
PO#2M 33.6+14.3 42.8412.0 0.192 29.36+14.5 39.84+13.0 0133
Detection of PS 33.1410.0 45.0+17.8 0.079 30.0£10.2 40.0+14.2 0.140
#1'Y after detection 394+18.0 51.0£169 0.205 30.54+£13.5 4894173 0.035
#5Y after detection 36.7+15.7 48.0+£17.5 0.180 28.3+11.9 45.8+15.9 0.029
SRS total score (100%)
Preop 47.8+13.7 49.2+16.3 0.853 54.8+17.6 45.3+11.8 0.179
PO#2 M 66.8+13.9 64.5+11.8 0.727 7344171 62.7£9.5 0.096
Detection of PS 68.8+13.8 64.5+13.9 0.537 79.7+8.8 61.7+£11.7 0.004
#1'Y after detection 67.7£12.9 58.9+15.7 0.215 74.5£14.7 60.5+11.8 0.041
#5Y after detection 65.1+12.9 58.1416.1 0.321 7394126 57.8+11.7 0.015
SRS pain (5)
Preop 2.2+8 21109 0.759 2.6+0.8 2.0+0.8 0.182
PO#2M 34411 2.8+0.7 0.207 3.5413 31408 0464
Detection of PS 32409 24+0.7 0.081 3.6+0.8 2.6+0.8 0.042
#1'Y after detection 3.0+09 23408 0.106 33410 2.5+0.8 0.092
#5Y after detection 2.8+0.8 2.2+0.8 0.142 3.2+09 24+07 0.040
SRS self image (5)
Preop 20+0.8 2.0£0.8 0.970 24+09 19+0.7 0.207
PO#2 M 3.2+0.7 3.2+0.7 0.969 3.6+09 3.0+0.5 0.085
Detection of PS 3.3+0.8 3.2£11 0.314 41403 2.8+0.7 0.001
#1'Y after detection 3107 2.7+09 0.646 3.5+04 2.7+0.8 0.037
#5 Y after detection 3.0+0.7 2.7+0.8 0.592 3.5+04 2.7+0.7 0.034
SRS function (5)
Preop 2.2+0.7 2.3+09 0.748 2.8+0.7 19+0.6 0.021
PO #2 M 296+0.7 2.6+0.6 0.154 31407 2.7+0.7 0.249
Detection of PS 3.0+0.8 2.8+09 0933 3.6+04 26+0.7 0.019
#1'Y after detection 2.8+09 2.5+0.8 0.586 34+0.7 24409 0.040
#5Y after detection 2.8+09 2.5+0.8 0.586 34407 24409 0.040
SRS satisfaction (5)
Preop 2.3+0.8 2.7£1.2 0400 29412 21+0.8 01m
PO#2 M 4.0+0.6 3.6£1.5 0453 43+04 37411 0178
Detection of PS 37412 41407 0.552 43406 3.6%1.2 0.268
#1 Y after detection 3.8¢09 3.541.1 0481 4.0£1.3 3.6+0.8 0.354
#5 Y after detection 3.8+09 3.541.1 0481 40413 3.6+0.8 0.354
SRS mental health (5)
Preop 2.8+09 29409 0.974 2.8+09 29409 0.943
PO#2M 33407 34410 0.786 39+0.6 3.1+0.7 0.058
Detection of PS 3.6£0.8 39406 0401 42+04 34+0.7 0.034
#1'Y after detection 39406 3.7£0.5 0458 41+0.6 3.7+0.6 0.212
#5 Y after detection 3.6+0.5 3.3+0.2 0.269 3.5+04 3.5+0.5 0.968

*Statistically significant if p<0.05. Pl : pelvic incidence, SVA : sagittal vertical axis, ODI : Oswestry Diability Index, Preop : preoperative, PO : postoperative,
M month, PS : pseudarthrosis, Y : year, SRS : Scoliosis Research Scociety
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ly. All SRS subscales were also worse in the group II patients
but none of these differences were statistically significant. In
addition, there were significant differences between the pa-
tients with SVA <11 cm and >11 cm in ODI scores, SRS total,
SRS pain subscores, SRS self-image subscores, and SRS func-
tion subscores at ultimate follow-up (p<0.05) (Table 5).

DISCUSSION

In order to prevent complications after PSO, perfect correc-
tion is important. All of the cases in this journal have under-
gone primary PSO for “spinopelvic harmony” (SVA <5 cm,
PT <20 degrees, and LL=PI*9 degrees), but pseudoarthrosis
following POS has occurred®”.

SVA, PJA, and TK achieved by a PSO were maintained after
detection of pseudarthrosis through ultimate follow-up, but
were not preserved from the correction obtained immediately
post-surgery. LL (p=0.042) and PSO angle (p=0.044) de-
creased at final follow-up, although this decrease was not sig-
nificant (Table 3). We postulate that LL and PSOA decreased
at final follow-up due to the fact that most pseudarthrosis
events occurred at either the L5-S1 segment (nine in 19 pa-
tients, 47.4%) or the PSO site (four in 19 patients, 21.1%).

We previously reported on successful radiographic and im-
proved clinical outcomes after revision surgery for pseudar-
throsis following PSO™. In the current study, the ODI and all
SRS subscores improved by PSO did not change significantly
at ultimate follow-up. On the other hand, our previous report,
regarding the SRS questionnaire, there was only significant
improvement of the pain subscale after revision surgery and
the self-image subscale was unchanged and the mental health
subscale decreased after revision surgery for pseudarthrosis.
We believe this might be due to different patient population.
Most of the patients in the current study had not experienced
prior surgeries and did not have many comorbidities which
adversely affected the scores in contrast with the patients in-
cluded in the previous study'?.

Interestingly, despite the loss by ultimate follow-up of LL
and PSOA corrections initially achieved via PSO, ODI and
SRS scores generally did not worsen after the time of initial
pseudarthrosis detection. We think this might be due to
maintenance of SVA achieved by PSO through ultimate fol-

low-up. Glassman et al.” reported that sagittal balance using
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C7 SVA is the most important and reliable radiographic pre-
dictor of clinical health status, as patients with positive sagittal
imbalance reported worse self-assessment in SRS 22 pain,
function, and self-image subscores.

ODI and all SRS subscores of the patients with a PI >60°
demonstrated a trend toward poorer than in patients with a PI
<60°, but the differences were not significant. This reinforces
that patients with a high PI also need a high degree of correc-
tion of sagittal balance which could not be achieved by a single
PSO*519) This correction deficit may lead to higher strain
forces on the instrumentation with an unbalanced equilibri-
um, in turn triggering a non-union or implant failure'®.

There are several limitations to this study. First, as a retro-
spective review. Second, our study did not analyze compari-
son between post-PSO pseudarthrosis patients who did un-
dergo revision surgery vs. those who chose non-operative
treatment. In addition, this study only evaluated patients who
had a minimum 5 years follow-up. It is unclear whether a
higher follow-up rate would impact our findings. We ac-
knowledge the limitation of diagnosing pseudarthrosis based
on radiographs alone. In other words, there may be a likeli-
hood of possible pseudarthrosis which does not require revi-
sion surgery and they are usually discovered in a purely inci-
dental fashion through follow-up without apparent symptoms
related to definite pseudarthrosis. Most of patients in this cur-
rent study had modest, but satisfactory improvement in symp-
toms with non-operative management and declined revision
surgery.

We believe that non-operative management for probable
pseudarthrosis following PSO can provide acceptable radio-
graphic and clinical outcomes at a minimum 5 years after de-
tection of pseudarthrosis, particularly in patients with a PI
<60 degrees.

CONCLUSION

Non-operative management of possible pseudarthrosis after
PSO offers acceptable outcomes even at 5 years after detection
of pseudarthrosis, provided SVA is maintained. Based on this,
it is considered better to try to conservative treatment for
pseudarthrosis after POS, provided SVA is maintained. As
SVA increased, clinical outcome scores decreased. Patients

with a PI <60 degrees typically fared better at final follow-up.
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