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-OBJECTIVE: To report the outcome of adult spinal
deformity (ASD) in patients with rod fracture (RF) after
thoracolumbar fusion.

-METHODS: Retrospective review of prospective, multi-
center database. Operative patients with ASD ‡18 years old
with RF after ASD surgery and with a minimum 6-month
follow-up after RF were included. Health-related quality of
life scores and radiographic alignment were compared with
nonparametric paired and independent testing (P < 0.05).

-RESULTS: A total of 51 of 343 patients with ASD (14.9%)
sustained a RF, of whom 44 (86.3%) had at least 6-month
follow up after RF (mean age [ 61.2 years, mean body
mass index [ 29.6 kg/m2). Mean total follow-up was 37.8
months (range 24.5e66.7 months). Interbody fusion was
used in 26 cases of RF (59.1%) (transforaminal lumbar
interbody fusion, n [ 17 [65.4%], anterior lumbar interbody
fusion, n [ 5 [19.2%]). RF was symptomatic in 26 of 44
(59.1%) of patients and discovered incidentally in 18 of 44
patients (40.9%). Overall, 28 RFs were revised (63.6%); 12 of
23 (52.2%) unilateral RF and 16 of 21 (76.2%) bilateral RF at
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last follow-up. Revision patients were significantly more
likely to be symptomatic at the time of RF detection (78.6%
vs. 25.0%, P [ 0.0006), and had significantly worse
Oswestry Disability Index and Scoliosis Research Society-
22r pain scores.

-CONCLUSIONS: RFs were detected in 14.9% of patients
with ASD and were most common at the L4eL5 and L5eS1
levels. Approximately 63.6% of patients underwent revision
surgery. The decision to perform revision surgery may be
based predominantly on symptoms referable to the RF, pain,
and perceived disability, as radiographic parameters at the
time of RF did not differ significantly between patients who
did and did not undergo revision.
INTRODUCTION
he treatment of adult spinal deformity (ASD) has advanced
markedly over the past decade, with improvements in
Tspinal instrumentation, surgical technique, and
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perioperative care. Although select patients with spinal deformity
have the potential for substantial improvement, there are still high
rates of complications associated with surgical treatment.1-5 One
of the most common complications is implant failure, which may
be a significant source of patient morbidity.6-18 Rod fracture (RF)
after surgical treatment of ASD may lead to pain, loss of deformity
correction, and the need for revision surgery.6,10,19-28

Risk factors leading to RF have been identified in previous
studies and include increasing age, body mass index (BMI),
baseline sagittal malalignment, pelvic incidence (PI)elumbar
lordosis (LL) mismatch, greater sagittal alignment correction after
surgery, history of previous pedicle subtraction osteotomy (PSO),
pseudarthrosis at �1-year follow-up, the presence of dominos
and/or parallel connectors, and constructs crossing both thor-
acolumbar and lumbosacral junctions.25,29,30 Although risk factors
leading up to RF have been explored, less is known about the fate
of RF after it occurs. Previous reports have differentiated “clini-
cally significant” or “symptomatic” RF from RF noted incidentally
on follow-up radiographs. However, factors that may favor revi-
sion versus observation after the development of RF, including
development of symptoms, have not been well characterized.
We hypothesized that patients with RF who undergo revision

are more likely to be symptomatic at the time of RF detection than
patients with RF that do not undergo revision. In addition, we
hypothesized that certain patient- and surgery-related factors
would be associated with a greater rate of revision surgery,
including a history of previous PSO or sagittal malalignment. An
improved understanding of treatment and outcomes of patients
with ASD after RF could prove valuable for patient counseling and
treatment. Our objective was to assess the rate of revision and
factors associated with revision based on a prospective, multi-
center, consecutive series with a minimum 2-year follow-up.
MATERIALS AND METHODS

This is a retrospective analysis of a prospective, multicenter,
consecutive series of patients with ASD treated by members of the
International Spine Study Group, which is composed of 11 sites
across the United States. Patients were enrolled through a protocol
approved by the institutional review boards of the participating
sites. Inclusion criteria are patient age >18 years and presence of
at least one of the following measures of spinal deformity: coronal
Cobb angle �20�, sagittal vertical axis (SVA) �5 cm, pelvic tilt
�25�, and thoracic kyphosis �60�. Deformities resulting from
trauma, neuromuscular disease, spinal infection, ankylosing
spondylitis, or tumors are not included in the database. In addi-
tion to the database inclusion criteria, patients were included in
the present study only if they met the following criteria: 1) �5
levels of posterior instrumented arthrodesis, 2) availability of
baseline full-length standing spine radiographs, 3) development
and documentation of RF, and 4) a minimum of 6 months of
follow-up subsequent to RF.
Full-length posteroanterior and lateral spine radiographs

(36-inch cassette) obtained at baseline, 1-year, and 2-year follow-
up were analyzed with the use of validated software (Spineview,
ENSAM ParisTech, Paris, France).31 All radiographic
measurements were performed at a central location based on
standard techniques32 and included coronal Cobb angle, thoracic
906 www.SCIENCEDIRECT.com WORLD NEU
kyphosis (T4eT12; Cobb angle between the superior endplate of
T4 and the inferior endplate of T12), LL (Cobb angle between
the superior endplate of L1 and the superior endplate of S1),
SVA (C7 plumb line relative to S1), pelvic tilt, and mismatch
between PI and LL.
For all patients meeting inclusion criteria, demographic, oper-

ative, clinical, and follow-up data were extracted from the data-
base. Extracted data included patient age, sex, BMI, smoking
status, and history of previous spine surgery. Primary clinical
outcome measures included the Oswestry Disability Index (ODI),
Scoliosis Research Society-22r (SRS-22r), Short Form-36 (SF-36),
and the Numeric Rating Scale (NRS) score for back, and leg pain.
Operative data included levels of spinal instrumented arthrodesis,
whether a 3-column osteotomy (3CO) was performed, rod
composition and diameter, and grafting material used for
arthrodesis, including recombinant human bone morphogenetic
protein-2 (BMP-2).
The occurrence of RF and level of fracture were based on review

of standardized complication assessment forms that are
completed for each patient at each follow-up interval and through
review of follow-up full-length radiographs. Data on all RFs were
collected and analyzed in the present study, including those that
were symptomatic and those detected incidentally. Symptomatic
RFs were defined as those in which patients presented with
symptoms referable to the site of RF; symptoms included pain,
prominence at the surgical site, and/or worsening spinal deformity
with loss of correction. The management of RFs was determined
based on a review of complication-reporting forms and stan-
dardized revision surgery forms. Patient outcome after RF was
based on patient questionnaires administered at latest follow-up.
The mean and standard deviation were used to describe

continuous variables. Frequency analyses were used for categorical
variables. For categorical variables, cross-tabulations were gener-
ated, and the Fisher exact or Pearson c2 test was used to compare
distributions. For continuous variables, t tests were used to
investigate differences between subsets of patients classified by
categorical data. Changes in radiographic measures between
baseline and 1-year follow-up were evaluated with a paired t-test
analysis, and group comparison was performed with an unpaired
t-test analysis.
Patients were first stratified into 1 of 2 groups; those with a

“symptomatic” RF and those with a RF discovered incidentally on
radiographs. In a separate analysis, the patients were stratified
based on whether they underwent revision after RF during a
minimum of 6-month follow-up. Demographic, clinical, surgical,
and radiographic parameters were compared both within and
between these groups. Time to RF was calculated based on the
time elapsed between surgery and definitive demonstration of RF
on imaging. Statistical analyses were 2-sided, and P < 0.05 was
considered statistically significant. Statistical analyses were per-
formed with SPSS software (version 21; IBM Corp., Armonk, New
York, USA).
RESULTS

Of the 343 patients with ASD who otherwise met inclusion criteria,
51 (14.9%) sustained a RF during the study period, of whom 44
(86.3%) had at least 6-month follow up after RF. Mean total follow
ROSURGERY, http://dx.doi.org/10.1016/j.wneu.2017.07.061
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Table 1. Baseline Demographic Characteristics for 44 ASD Patients Who Sustained an RF During the Study Period

Parameter All Patients

Revision

P ValueNo (n [ 16) Yes (n [ 28)

Mean age, years 61.2 � 11.5 63.18 � 9.48 60.1 � 12.5 0.391

Female sex 28 (63.6%) 68.8% 60.7% 0.595

Mean BMI 29.6 � 5.2 29.1 � 6.35 29.9 � 5.31 0.670

Mean CCI 2.11 � 1.69 2.00 � 1.58 2.16 � 1.77 0.786

Smokers 0 (0.0%) 0.0% 0.0% N/A

Previous spine surgery 27 (61.4%) 50% 67.9% 0.246

ASD, adult spinal deformity; RF, rod fracture; BMI, body mass index; CCI, Charlson Comorbidity Index; N/A, not available.
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up was 37.8 months (range 24.5e66.7). The baseline demographic
characteristics of the 44 patients who met the inclusion criteria are
summarized in Table 1. Their mean age at the time of surgery was
61.2 years (SD 11.5 years), and 63.6% of patients were women. The
mean BMI was 29.6 kg/m2, and the mean Charlson Comorbidity
Index (CCI) was 2.11 (SD 1.69). Overall, no patients were current
smokers, and 27 patients (61.4%) had a history of previous
spine surgery.
Radiographic parameters are shown in Table 2. The mean

number of vertebral levels fused was 12.8 (SD 3.8). The fusion
extended to the pelvis in 38 of 44 patients (86.4%). 3CO was
performed in 25 cases (56.8%), with PSO performed in 22 cases,
and vertebral column resection performed in 3 cases. 3CO was
at the same level as the RF in 18 of 25 patients (72%). Interbody
fusion was used in 26 cases of RF (59.1%) (transforaminal
Table 2. Comparison of Surgical Parameters for 44 Patients
with ASD Who Sustained RF During the Study Period

Radiographic Parameter All

Revision

P Value
No

(n [ 16)
Yes

(n [ 28)

Mean no. levels fused 12.8 � 3.8 12.9 � 3.5 12.7 � 4.0 0.831

Rod material, %

CC 81.8 81.3 82.1 0.908

SS 9.1 12.5 7.1

TA 9.1 6.2 10.7

Rod diameter �6.0 mm, % 9.1 12.5 7.1 0.55

Performance of 3CO, % 56.8 43.8 64.3 0.191

BMP-2 use, % 45.5 43.8 46.4 0.869

Interbody performed, % 59.1 56.3 60.7 0.775

BMP-2 at interbody, % 57.7 33.3 70.6 0.073

ASD, adult spinal deformity; RF, rod fracture; CC, cobalt chrome; SS, stainless steel; TA,
titanium Alloy; 3CO, 3-column osteotomy; BMP-2, bone morphogenetic protein-2.
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lumbar interbody fusion, n ¼ 17 [65.4%], anterior lumbar
interbody fusion, n ¼ 5 [19.2%]). RF occurred at the site of
interbody fusion in 17 (65.4%) patients (most frequently L4eL5,
n ¼ 8 and L5eS1, n ¼ 8). Rod material used was cobalt-chrome
(36/44, 81.8%), stainless steel (4/44, 9.1%), and titanium alloy
(4/44, 9.1%). In 20/44 (45.5%) patients, BMP-2 was used. BMP-2
was used at the interbody space alone in 2 cases (2/20, 10%), in
the posterolateral gutter alone in 3 cases (3/20, 15%), and in both
the interbody space and the posterolateral gutter in 15/20 cases
(75%), with an average dose of 7.3 mg used at each level (range
4.2e9.0 mg).
RF occurred at an average 20.1 months after the index pro-

cedure, most commonly at L4eL5 or L5eS1. There were 23
(52.3%) unilateral fractures, most frequently at L3eL4 (n ¼ 8,
34.8%) or L4eL5 (n ¼ 8, 34.8%), and 21 (47.7%) bilateral RF, most
frequently at L5eS1 (n ¼ 10, 47.6%). During the visit at which RF
was discovered, RFs were symptomatic in 26 of 44 (59.1%) pa-
tients and discovered incidentally on radiographs in 18 of 44
(40.9%) patients. RF was symptomatic in 13 of 21 (61.9%) of
Figure 1. Oswestry-Disability Index (ODI) for patients who did not
undergo revision versus those who did at baseline, the visit immediately
before rod fracture (RF) detection, the visit at which RF was detected,
and their latest visit. Patients who ultimately went on to revision had a
significantly worse ODI score at the visit of RF detection compared with
patients who did not undergo revision (53.9 vs. 24.8, P ¼ 0.002).
*Statistically significant difference.
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patients with bilateral RF compared with 13 of 23 (56.5%) of pa-
tients with unilateral RF. BMP had been placed at the site of
eventual RF in 14 of the 20 cases that used BMP during the index
procedure (14/20, 70%).
During the follow-up interval, 28 RFs were revised (63.6%); 12

of 23 (52.2%) unilateral RF and 16 of 21 (76.2%) bilateral RF
(P ¼ 0.102). RFs were revised at an average of 2.6 months after the
initial procedure (range 0.5e10.3 months). There were no differ-
ences between revised and nonrevised patients in terms of age
(P ¼ 0.391), sex (P ¼ 0.595), mean BMI (P ¼ 0.670), mean CCI
(P ¼ 0.786), smoking status, or previous spine surgery
(P ¼ 0.246). However, patients who underwent revision were
significantly less likely to be female compared with patients who
did not undergo revision (46.7% vs. 88.9%, P¼ 0.010). There were
no other differences between patients who did or did not undergo
revision in terms of rod material used, rod diameter, BMP-2 use,
or interbody use (Table 2).
Figure 2. Scoliosis Research Society-22r (SRS-22r) for patients who did not
undergo revision versus those who did at baseline, the visit immediately
before rod fracture (RF) detection, the visit at which RF was detected, and
their latest visit. Patients who ultimately went on to revision had a

908 www.SCIENCEDIRECT.com WORLD NEU
Patients with RF who underwent revision had a significantly
worse mean ODI score (53.9, “severe disability”) compared with
patients who did not undergo revision (24.8, “moderate
disability”) at the visit at which RF was detected (P ¼ 0.002;
Figure 1). Patients with RF who underwent revision also had
significantly worse SRS-22r pain score (2.48 vs. 3.47, P ¼ 0.018)
compared with those not revised at the visit at which RF was
detected. There were no significant differences between patients
who did not undergo revision for other domains of the SRS-22r,
including mental health (3.70 vs. 3.862, P ¼ 0.656), function
(2.73 vs. 3.49, P ¼ 0.055), appearance (2.97 vs. 3.49, P ¼ 0.121),
and satisfaction (3.89 vs. 4.23, P ¼ 0.406; Figure 2). Among
patients with RF who did not undergo revision, health-related
quality of life (HRQoL) scores did not change over the course of
mean 20.5 months (range 8.0e47.1) after RF was detected.
There was no significant difference in mean age, sex, BMI, his-

tory of previous 3CO, RF type (unilateral vs. bilateral), or use of
significantly worse SRS-22r pain score at the visit of RF detection
compared with patients who did not undergo revision. (2.48 vs. 3.47, P ¼
0.018). *Statistically significant difference.
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Table 3. Comparison of Baseline and Postoperative (After Primary Surgical Correction) Radiographic Measurements for 44 Patients with
ASD Who Sustained a RF During the Study Period, Stratified Based on Whether the Patient Went on to Have a Revision

Radiographic Parameter

Revision

P ValueNo (n [ 16) Yes (n [ 28)

Mean max coronal Cobb angle, �

Baseline 42.31 � 23.02 36.10 � 23.37 0.512

After surgical treatment 19.60 � 18.60 18.00 � 12.59 0.822

Change after surgery �20.27 � 14.88 �13.78 � 13.37 0.295

P value <0.001* 0.015* e

Mean thoracic kyphosis, T4eT12, �

Baseline 30.79 � 18.08 22.00 � 20.99 0.199

After surgical treatment 40.79 � 15.91 38.79 � 13.18 0.704

Change after surgery 10.11 � 14.49 17.71 � 15.32 0.1560

P value 0.007* 0.005* e

Mean C7eS1 sagittal vertical axis, cm

Baseline 11.11 � 75.73 12.98 � 91.58 0.523

After surgical treatment 3.78 � 40.34 2.91 � 40.20 0.543

Change after surgery �7.01 � 63.21 �9.00 � 79.81 0.437

P value <0.001* 0.004* e

Mean pelvic tilt, �

Baseline 25.00 � 12.49 30.67 � 10.32 0.171

After surgical treatment 19.89 � 13.20 24.07 � 6.27 0.283

Change after surgery �4.44 � 11.03 �5.50 � 8.53 0.770

P value 0.085 0.039* e

Mean pelvic incidenceelumbar lordosis mismatch, �

Baseline 23.26 � 23.66 36.27 � 20.24 0.100

After surgical treatment 3.26 � 14.74 4.79 � 11.27 0.749

Change after surgery �19.89 � 20.16 �29.29 � 20.19 0.196

P value <0.001* 0.001* e

ASD, adult spinal deformity; RF, rod fracture.
*Statistically significant difference.
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interbody between symptomatic and asymptomatic RF. Symptom-
atic fractures were found to have significantly worse ODI score (51.5
vs. 25.8, P ¼ 0.002), SRS-22 Pain (2.23 vs. 3.80, P ¼ 0.0001), and
SRS-22 Total (2.91 vs. 3.84, P ¼ 0.0008) at the visit at which RF was
detected. There were no significant differences between symptom-
atic and asymptomatic RF in SF-36 Physical (P ¼ 0.244), SF-36
Mental (P ¼ 0.259), NRS Back (P¼0.167), or NRS Leg (P ¼ 0.953)
at the visit at which RF was detected. Symptomatic patients were
significantly more likely to undergo revision compared to asymp-
tomatic patients (84.6% vs. 33.3%, P ¼ 0.0006).
Baseline and postoperative radiographic measurements for all

patients stratified based on whether or not they went on to revi-
sion are shown in Table 3. In both groups, there was significant
improvements in mean max coronal Cobb angle (P < 0.001),
WORLD NEUROSURGERY 106: 905-911, OCTOBER 2017
mean thoracic kyphosis from T4 to T12 (P < 0.007), mean C7e
S1 SGA (P < 0.004), and mean PI-LL mismatch (P ¼ 0.001)
during their initial surgery. There were no significant differences
in C7eS1 SVA (2.91 vs. 3.78 cm) between revised and nonrevised
cases at the time of RF detection (P ¼ 0.543).

Subanalysis of Patients without Previous 3CO
Of the 44 patients with RFs during the study period, 19 (43.2%)
did not have a previous 3CO and had at least 6-month follow-up
after RF (mean age ¼ 62.3 years, mean BMI ¼ 29.12 kg/m2).
Mean total follow-up was 34.8 months (range 26e47.5). Mean
time to RF was 17.9 months from index surgery (7 RF [36.8%]
detected at 1-year and 12 RF [63.2%] discovered 2 years post-
operatively). There were 12 (63.8%) unilateral fractures, most
www.WORLDNEUROSURGERY.org 909
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frequently at L4eL5 (n ¼ 6, 50%) and L5eS1 (n ¼ 4, 33.3%), and 7
bilateral RF, most frequently at L5eS1 (n ¼ 4, 57.1%). Overall,
6 RF were revised (31.6%); 5 of 12 (41.6%) unilateral RF and 1 of 7
(14.3%) bilateral RF. HRQoL and NRS scores were similar be-
tween patients with RF who did and did not undergo revision at
the time RF was identified.

DISCUSSION

This study provides a retrospective review of a prospectively
collected, multicenter assessment of RF rates, as well as both
outcomes and treatment related to RF. The overall rate of RF was
14.9%, which is slightly greater than the largest series reported
previously.30 This may be explained by the fact that with longer
follow-up, more patients develop RF. In addition, RFs may be
detected incidentally on follow-up radiographs. The rate of RF is
slightly greater than other smaller studies, which have reported
rates from 9.3% to 10.7%.28,29

The current study found that the rate of revision after RF was
63.6% (28/44 patients). We included patients with RF with a
minimum of 6-month follow-up after the detection. Of revision
cases, 6 of 28 (21.4%) were performed after 6 months from the
time of RF detection. Therefore, the true rate of revision is likely to
be greater than 63.6%, as several patients with RF may be revised
with longer follow-up. To our knowledge, this is the largest series
to report a rate of revision after RF.
We examined both demographic characteristics and radio-

graphic parameters to identify factors that may be associated
with RF revision. The only factor that was significantly associ-
ated with revision was male sex. Otherwise, age, mean BMI,
mean CCI, smoking status, previous spine surgery, and radio-
graphic parameters were not associated with an increased risk
for revision. It is important to note these are not true “risk
factors” for revision surgery. The surgeon has all patient in-
formation available (such as radiographic measurements, pre-
vious surgical procedures, etc.) when making the decision to
proceed with revision surgery. Therefore, these factors are
interpreted by the surgeon and patient and are not independent
risk factors.
To our knowledge, this is the first study to evaluate the po-

tential impact of HRQoL scores on RF outcome and treatment.
Our primary hypothesis was that worse HRQoL and pain scores
would be primary determinants of the need for revision. We
found that patients that eventually underwent revision surgery had
greater pain and disability scores at the time of RF detection
compared to those who did not undergo revision. ODI, SRS-22
pain, and SRS-22 total scores were all lower in the revision
group compared with the nonrevision group at the time of RF
detection. Our secondary hypothesis was that loss of deformity
correction in patients with RF would be associated with a greater
910 www.SCIENCEDIRECT.com WORLD NEU
rate of revision. However, there were no differences in radio-
graphic parameters between those who underwent revision sur-
gery and those who did not. The results of this study suggest that
HRQoL and patient-reported pain and disability may be primary
determinants of the need for revision and that radiographic pa-
rameters are less important in the decision to perform revision
surgery.
The rate of revision among those with previous 3CO (64.3%)

was greater compared with those without (43.8%), but this did not
reach statistical significance (P ¼ 0.10). Previous studies have
reported that previous 3CO is a significant risk factor for RF. Given
instability after a 3CO, it is reasonable to suspect that surgeons
may be more likely to revise these patients in the setting of a RF.
We therefore performed a separate subanalysis of RF patients
without previous 3CO. The revision rate for patients with RF with
no history of 3CO was 43.8%. For patients with RF with no history
of 3CO, HRQoL scores were again similar between revision and
nonrevision cases at all time points.
This study has several potential limitations. Bone density in-

formation was not collected for each patient and was therefore not
included in the study. We do not know the exact time point of
fracture, so it is possible that patient-reported pain scores or
radiographic parameters might have changed between the time of
fracture and RF detection. We did not routinely assess fusion
status based on computed tomography imaging for these patients.
Therefore, we do not necessarily know whether RF was due to
instrumentation failure, the development of pseudarthrosis, or
some combination of these factors. As stated previously, we
included RF patients with a minimum of 6-month follow-up after
the occurrence. It is possible that several patients included in the
nonrevised group will eventually undergo revision with further
follow-up. Although we evaluated factors related to revision sur-
gery, we did not examine the potential impact of patient or sur-
geon preferences on the rate of revision.
CONCLUSIONS

RFs in patients with ASD are detected between 1 and 2 years
postoperatively and are most common at the L4eL5 and L5eS1
levels. Approximately two thirds (63.6%) of patients underwent
revision fusion surgery in our series. There were no significant
differences in the index surgery or postoperative radiographic
parameters between patients who underwent revision surgery
versus those treated conservatively after RF. There was a signifi-
cantly greater rate of revision among patients with symptomatic
RF and those with greater perceived disability and pain scores.
Patient pain, disability, and symptomatology after RF may be the
most important factors in the decision to perform revision
surgery.
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