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Abstract
Study Design: Retrospective cohort study.

Objective: To determine if patients fused with multi-rod constructs to the pelvis have a lower incidence of lumbosacral rod
failure and pseudarthrosis than those fused with dual-rod constructs.

Methods: We performed a retrospective review of consecutive adult spinal deformity patients who underwent long fusion to the
pelvis. Inclusion criteria were >5 levels, primary fusion or revision for L5-S| pseudarthrosis, and minimum |-year follow-up.
Revision patients with indications other than L5-S| pseudarthrosis were excluded. One-year follow-up plain radiographs were
reviewed for rod integrity, and computed tomography scan (CT) was obtained whenever rod breakage was observed. Dual-rod
and multi-rod (3 or 4 rods) cohorts were statistically compared.

Results: There were 31 patients with 15 in the dual-rod group and 16 in the multi-rod group, with average ages of 68 + 9 and
63 + 12 years, respectively. No patients in the multi-rod group experienced rod fracture, whereas 6 in the dual-rod group
fractured a rod (P = .007), with 4 occurring at the lumbosacral junction (P = .04). CT scan in the 4 lumbosacral rod fracture cases,
and surgical exploration in 3, confirmed pseudarthrosis and hypertrophic nonunion at the L5-SI junction.

Conclusion: Patients with dual-rod constructs had a statistically greater incidence of lumbosacral pseudarthrosis with implant
failure than those with multi-rod constructs. CT and surgical exploration showed hypertrophic nonunion as opposed to oligo- or
atrophic nonunion. This suggests that mechanical instability, not biology, is the main reason for failure, and could be addressed
with the use of multi-rods.
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Introduction rigorous mechanical environment.'® The longer the fusion con-
struct, the higher the incidence of lumbosacral pseudarthrosis,
suggesting that increased mechanical forces contribute to non-
union."" This highlights the need for rigid surgical instrumen-
tation in order to stabilize the L5-S1 junction.

Long spinal fusion to the sacrum is indicated for a variety of
degenerative, traumatic, and adult deformity conditions. This
procedure can cause several complications including nerve root
injury, loss of lumbar lordosis, and pseudarthrosis.'” Pseudar-
throsis is a particularly prevalent complication and most com-

monly occurs at the 3-column osteotomy site or the
lumbosacral junction_“’5 "'Icahn School of Medicine at Mount Sinai, New York, NY, USA
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Figure |. Representative AP and lateral radiographs of a dual-rod construct: (A) preoperative and (B) postoperative.

Hypertrophic nonunion develops in long bones when
instability causes fracture nonunion, despite adequate callus
formation and bone production.'” In contrast, oligotrophic and
atrophic nonunion occur when lack of vasculature and physio-
logic bone production prevent union.'*> Although these princi-
ples were originally described for the appendicular skeleton,
extrapolation to the spine may suggest that hypertrophic, as
opposed to oligo- or atrophic, nonunion at the L5-S1 junction
results from mechanical instability.

Several modifications to techniques and instrumentation for
pelvic fixation have been developed to increase stability and
enhance fusion rates.'*'® Despite these advances, pseudarthro-
sis and rod breakage remain common difficulties of long fusion
to the sacrum.*'®!’

Multi-rod constructs have shown increased biomechanical
stability when compared with canonical dual-rod constructs,
but the paucity of comparative cohort studies leaves the effi-
cacy of multi-rod constructs relatively unknown.'®' Our
objective with this retrospective cohort study was to compare
the incidence of lumbosacral pseudarthrosis and rod failure
between adult spinal deformity cohorts fused with either a
dual-rod or multi-rod construct, and to investigate the kind of
nonunion at the site of the pseudarthrosis.

Methods
Patient Sample

The institutional review board approved this study. We retro-
spectively reviewed consecutive adult spinal deformity patients

with fusion to the sacrum by a single surgeon at a single center
between 2011 and 2015. Inclusion criteria were >5 levels fused,
primary fusion, extension to the sacrum and pelvis, and revi-
sion for L5-S1 pseudarthrosis. Patients younger than 18 years
of age and adults who underwent a revision surgery for any
indication other than L5-S1 pseudarthrosis were excluded.
Patients fused with dual-rod constructs consisted of the first
cohort, while those fused with multi-rod constructs consisted
of the second cohort. All demographic and operative informa-
tion were collected from the hospital medical records. Coronal
and sagittal measurements were made on the most recent pre-
operative standing radiographs and the most immediate (within
6 weeks) postoperative standing radiographs.

Dual-Rod Constructs and Indications

Patients fused with dual-rod constructs to the sacrum received a
single rod on each side of the spinal column fixed to the pelvis
with bilateral iliac screws and bilateral S1 screws (Figure 1).
All rods used in this cohort were 5.5mm in diameter. All
patients received local autograft bone, allograft in the form
of demineralized bone matrix, and recombinant human bone
morphogenetic protein-2 (rh-BMP2) as a fusion adjunct.

Multi-Rod Constructs and Indications

Patients fused with multi-rod constructs had bilateral iliac and
bilateral sacral screws for pelvic fixation. Patients received
either a single-rod on one side of the spinal column and an
additional 1 or 2 rods using connectors. The additional rods
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Figure 2. AP and lateral radiographs of a representative multi-rod
construct.

did not extend the entire length of the construct, but extended to
at least L1 in all cases (Figure 2). All rods used in this cohort
were 5.5 mm in diameter. All patients received local autograft
bone, allograft in the form of demineralized bone matrix, and
rh-BMP2 as a fusion adjunct.

Cohort Allocation and Choice of Rod Material

The treating surgeon began treating spinal deformity patients in
2011 with dual-rod constructs and anecdotally noticed implant
failure, and so he switched to multi-rod constructs.

Titanium rods were used in patients who had osteoporosis or
had poorer bone quality judged by the surgeon intraoperatively.
Given the less stiff properties of titanium, it was thought there
would be less screw pullout if this material was used on those
patients with poorer bone quality.

Rod Failure and Pseudarthrosis

Broken rods were determined on at least 1-year anterior-
posterior and lateral radiographs. Whenever there were broken
rods, 1-year postoperative computed tomography (CT) scans
were reviewed to confirm the presence of lumbosacral pseudar-
throsis based on criteria described by Shah et al.?* Any patient
who underwent a revision surgery for L5-S1 pseudarthrosis
also had motion confirmed during surgical exploration.

Hypertrophic Nonunion

To determine hypertrophic nonunion, all 1-year CT scans of
patients who had a lumbosacral pseudarthrosis were analyzed.
Hypertrophic nonunion was diagnosed based on abundant non-
bridging callus formation at the index surgical level. Thin slice
CT scans, which are accurate for identifying nonunion, were
used.?!*

Statistical Analysis

All statistical analyses were performed with Prism GraphPad
V6 (La Jolla, CA). Continuous variables were compared
between cohorts with an unpaired ¢ test, and categorical vari-
ables were compared with a Fisher’s exact test. Statistical sig-
nificance was taken at P < .05.

Results

Patient Cohorts

We analyzed a total of 31 patients with 15 in the dual-rod group
and 16 in the multi-rod group. There were no significant dif-
ferences between the 2 groups with respect to several important
demographic and operative characteristics, including age, gen-
der, time since surgery, smoking status, hypertension, osteo-
porosis, oral steroid use, and Charlson Comorbidity Index
(Table 1).** Additionally, indication for surgery, number of
levels fused, and preoperative coronal Cobb and preoperative
sagittal vertical axis were not statistically different between the
groups.

Operative Characteristics

Operatively, there were no statistically significant differences
between the groups in terms of L5-S1 transforaminal lumbar
interbody fusing, amount of rh-BMP2 used, operative time,
estimated blood loss, or material of rod used (Table 2).

Rod Breakage, Pseudarthrosis, and
Hypertrophic Nonunion

A total of 6 patients experienced rod failure, all in the dual-rod
group. The incidence of rod breakage between the 2 groups was
statistically significant (P = .0068; Table 3). Of the 6 cases, 5
were instrumented with cobalt chrome alloy rods, and one was
instrumented with a titanium alloy rod.

Four of the rod fractures occurred at the lumbosacral junc-
tion (Figure 3). All 4 had pseudarthrosis confirmed on CT, and
3 of these patients had the pseudarthrosis confirmed intraopera-
tively during revision surgery. The fourth patient is currently
not symptomatic and has yet to undergo revision. The rate of
lumbosacral pseudarthrosis between the 2 groups was statisti-
cally significant (P = .0434; Table 3). The average time to rod
fracture was 17.18 + 8.92 months.

All 4 lumbosacral pseudarthroses showed abundant, non-
bridging callus formation at the lumbosacral junction on
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Table |. Preoperative Characteristics Between the Dual-Rod and
Multi-Rod Cohorts.

Dual-Rod Multi-Rod
(N =15) (N =16) P

Age (years) 68 + 9 63 + 12 2152
Male 5 4 .7403
Female 10 12
Time since surgery 36.34 + 1687 2873 + 798 .1156

(months)
Smoking 0 I 1.0000
HTN 7 I .2852
Osteoporosis 3 2 .6539
Oral steroids 0 0 1.0000
Ccl 267 + 1.40 238 + I.I5 5292
Primary fusion 10 7 .2852
Extension to sacrum 4 3 .6851
Revision for L5-S| | 6 .0829

pseudo
Levels fused 1133 + 360 1144 + 3.74 9376
Preoperative coronal 34.60 + 22.25% 3261 + 2292 8120

Cobb (°)
Preoperative SVA (mm) 89.48 + 68.42* 117.30 + 91.07 .3698

Abbreviations: HTN, hypertension; CCl, Charlson Comorbidity Index; SVA,
sagittal vertical axis.

?In the dual-rod group, one patient did not have preoperative AP and lateral
radiographs available for measurement, and a second patient did not have
lateral radiograph with landmarks visible for measurement, so preoperative
coronal cobb N = 14 and preoperative SVA N = |3 for the dual-rod group.

Table 2. Operative Characteristics Between the Dual-Rod and Multi-
Rod Cohorts.

Dual-Rod (N = I5) Multi-Rod (N=16) P

Interbody 13 13 1.0000
Rh-BMP2 (mg) 21.47 + 11.58 26.25 + 10.01 2275
OR time (minutes) 499.30 + 139.70 512.00 + 149.1 .8083
EBL (mL) 2420 + 2405 2291 + 1993 8713
Cobalt chrome Il 10 4397
Titanium 4 6

Abbreviations: Rh-BMP2, recombinant human bone morphogenetic protein-2;
OR, operating room; EBL, estimated blood loss.

Table 3. Lumbosacral Pseudarthrosis, Broken Rods, and Type of Rod
Used Between the Dual-Rod and Multi-Rod Cohorts.?

Dual-Rod Multi Rod
(N =15) (N =16) P
Rod fracture at any level 6 0 .0068
L5-SI rod fracture/pseudo 4 0 .0434
Cobalt chrome 5
I

Titanium

?Boldface indicates statistical significance.

1-year CT scan (Figure 4). Three of these patients were noted to
have copious soft callus formation at the L5-S1 junction during
revision surgery. These findings suggest a nonunion with abun-
dant fibrous callus formation that clinically appears grossly
similar to a hypertrophic nonunion.

Intact Rods Versus Broken Rods

There were no significant differences between dual-rod
patients who did not experience rod fracture compared to the
6 dual-rod patients who did with respect to demographic char-
acteristics, comorbidities, number of levels fused, and opera-
tive characteristics (Table 4). The patients who experienced rod
fracture did, however, have a greater pre- and postoperative
Cobb angle, and smaller postoperative thoracolumbar align-
ment and thoracic kyphosis Table 4). There were no differences
in any other pre- or postoperative sagittal alignment
measurements.

Discussion

Our objective with this retrospective cohort study was to deter-
mine if multi-rod long fusion constructs provide increased sta-
bility and fusion rates at the lumbosacral junction. Of our 31
patients, 15 underwent dual-rod fusion and 16 underwent
multi-rod fusion. Several important demographic characteris-
tics, preoperative alignment measurements, intraoperative con-
ditions, and follow-up time were not statistically different
between the 2 groups, indicating our cohorts were well
matched.

We found a significantly higher incidence of lumbosacral
pseudarthrosis and rod breakage in the dual-rod group com-
pared to the multi-rod group. There was no disadvantage in
using the multi-rods with respect to estimated blood loss and
operative time, suggesting they provide an efficacious alterna-
tive to dual-rod constructs for long fusion to the sacrum and
pelvis. Our finding of a 26% lumbosacral pseudarthrosis rate in
the dual-rod group is consistent with the range reported in the
literature.>*'%!7

We hypothesized that mechanical instability caused lumbo-
sacral pseudarthrosis and that the increased stability of multiple
rods would therefore improve fusion rates. Hypertrophic non-
union in long bones indicates mechanical instability as the
cause of nonunion.'*'* Findings suggestive of hypertrophic,
as opposed to oligo- or atrophic, nonunion at the lumbosacral
junction in all 4 of our L5-S1 pseudarthrosis cases may support
that mechanical instability led to pseudarthrosis. While this is
an extrapolation of long bone pathophysiology to the spine that
requires future research to elucidate, a number of biomechani-
cal studies do demonstrate the mechanical superiority of multi-
rod constructs. Shen et al proposed a 4-rod long fusion
technique to overcome the mechanical challenge of the lumbo-
sacral junction and demonstrated in human cadaveric spines
that the 4-rod construct significantly reduced flexibility and
motion of the L5-S1 segment with regard to flexion, extension,
and axial rotation when compared to the 2-rod constructs.'®'?
Wang and colleagues conducted a separate cadaveric biome-
chanical study of 4-rod fusion constructs compared to dual-rod
constructs and found greater stability and decreased range of
motion at the lumbosacral junction in the 4-rod constructs.**

Despite numerous biomechanical studies, the literature is
sparse regarding the clinical outcome following multi-rod
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Figure 3. (A) AP and lateral radiographs demonstrating bilateral broken rods at the lumbosacral junction. (B) Zoomed AP view of the

lumbosacral junction.

Figure 4. Sagittal CT scan of the lumbosacral junction showing
pseudarthrosis as well as nonbridging callus formation, indicating
hypertrophic nonunion.

fusion. Hyun et al recently revealed that multi-rod constructs
were associated with fewer broken rods and pseudarthrosis
after 3-column osteotomy when compared to standard dual-
rod constructs.”> A previous biomechanical study examining

different revision strategies for lumbar pedicle subtraction
osteotomy established that additional rods increased stiffness
in flexion-extension and lateral bending, supporting improved
mechanical stability as the reason for the decreased pseudar-
throsis and broken rods observed by Hyun’s group.*®

Kim et al showed that risk factors for pseudarthrosis include
sagittal imbalance >5cm, age >55 years, the presence of
osteoarthritis of the hip, thoracolumbar alignment kyphosis
>20°, and incomplete sacropelvic fixation (lack of either ante-
rior column support at L5-S1 or a lack of bilateral iliac
fixation).> Of the 34 patients out of 144 who had pseudarthro-
sis, 15 had pseudarthrosis at L5-S1 while the remaining 17
patients had pseudarthrosis at T10-L2 (thoracolumbar junc-
tion). The 6 patients from our study in the dual-rod group who
experienced a rod fracture had similar demographic and opera-
tive characteristics to the dual-rod patients who did not expe-
rience rod fracture, but had a statistically greater pre- and
postoperative coronal Cobb angle, suggesting that the severity
of coronal deformity may be a risk factor for developing rod
failure.

Rod material confers different mechanical properties, as
cobalt chrome rods have a superior stiffness and fatigue life
than titanium alloy rods, and rod fracture is more frequent in
adult spinal deformity cases corrected with titanium alloy
rods.?”*® All of our patients were instrumented with 5.5-mm
diameter rods, and there was no statistical difference in rod
material used between the 2 cohorts, supporting that rod type
did not influence incidence of pseudarthrosis. Though rod
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Table 4. Characteristics of Dual-Rod Patients Who Experienced a
Rod Fracture and Those Who Did Not.?

Dual-Rod No Dual-Rod
Fracture (N =9) Fracture (N = 6) P
Age (years) 69 +9 66 + 8 .5068
Male 4 | .5804
Female 5 5
Smoking 0 0 1.0000
HTN 4 3 1.0000
Osteoporosis | 2 .5253
CCl 267 + 1.32 267 + 1.63  >.9999
Levels fused 11.22 + 3.63 11.50 + 3.89 .8899
Interbody 7 5 1.0000
Rh-BMP2 (mg) 22.00 + 12.00 20.67 + 11.98 8362
Preoperative coronal 17.94 + 9.77° 56.82 + 10.83 <.0001
Cobb (°)
Preoperative TL (°) 24.14 + 21.04° 11.83 + 1873 2927
Preoperative TK (°) 2157 + 11.91° 2750 + 1987 5198
Preoperative 100.30 + 86.68° 76.89 + 4320  .5622
SVA (mm)
Postoperative coronal ~ 9.89 + 8.28° 2245 + 9.14 0197
Cobb (°)
Postoperative TL (°) 19.00 + 19.65° —6.00 + 2048 .0392
Postoperative TK (°)  38.63 + 8.90° 22.67 + 18.06 .0490
Postoperative 65.62 + 73.69° 18.70 + 33.97 1759
SVA (mm)

Abbreviations: HTN, hypertension; CCl, Charlson Comorbidity Index; rh-
BMP2, recombinant human bone morphogenetic protein-2; TL, thoracolumbar
alignment; TK, thoracic kyphosis; SVA, sagittal vertical axis.

?Boldface indicates statistical significance.

®In the no fracture group, one patient did not have preoperative AP and lateral
radiographs available for measurement, and a second patient did not have
lateral radiograph with landmarks visible for measurement, so preoperative
coronal Cobb N = 8 and preoperative sagittal measurements N = 7.

“One patient in the no fracture group did not have postoperative radiographs
available for measurement, so N = 8 for all postoperative measurements in the
dual-rod group no fracture group.

material is an important consideration for surgical planning, the
utilization of additional rods to improve mechanical stability
must be considered when planning deformity correction. The
hypertrophic nonunion detected in each of the 4 dual-rod lum-
bosacral pseudarthrosis affirms that mechanical instability, and
not lack of physiologic bone production, was the etiology of the
nonunion.”*>? This finding further articulates the importance
of increasing lumbosacral stability by deploying multiple rods.

Our results, along with the aforementioned biomechanical
studies, exhibit that multiple rods increase mechanical stability
and promote fusion at the lumbosacral junction. When treating
adult spinal deformity patients with long fusion to the sacrum,
multi-rod constructs provide a safe and effective alternative to
traditional dual-rod constructs.

Limitations

This study was limited by a small sample size of patients,
making the study relatively underpowered despite significant
findings. Perhaps an important limitation was our lack of long-
term follow-up. The lower quartile of follow-up time for all of

our cases was 18.9 months, and the median follow-up time was
36.2 months, both longer than the median time to rod failure of
17.72 months. In spite of this, we still lack long-term follow-up
and therefore cannot extend our conclusions to the long term.
Additionally, we had a heterogonous population of patients that
included revision surgeries for L5-S1 pseudarthrosis. The
majority of revision surgeries were in the multi-rod cohort,
which may have predisposed those patients to develop pseudar-
throsis more so than the primary procedures of the dual-rod
group.® Our conclusion may be strengthened by the larger
number of revisions included in the multi-rod group, but this
is nonetheless a limitation because the cohorts were different.
We demonstrated that several preoperative and operative char-
acteristics were not statistically different between the groups,
but we could not control for certain factors such as preoperative
diagnoses and indications for surgery. Last, this study exam-
ined patients of a single surgeon, and therefore a single tech-
nique. The impact of the study would improve if expanded to
multiple surgeons to demonstrate the results are consistently
found regardless of which practitioner implants the multiple
rod constructs.

Conclusion

We observed findings suggestive of hypertrophic nonunion in
all cases of lumbosacral pseudarthrosis, indicating that
mechanical instability, and not patient physiology, may have
caused the pseudarthrosis. Using multi-rod constructs for long
fusion to the sacrum reduced rates of lumbosacral pseudarthro-
sis and rod fracture, demonstrating they are more effective than
dual-rod constructs for treating adult spinal deformity with
long fusion to the sacrum.
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